EXPERIMENT MANUAL

&) THAMES & KOSMOS

WARNING — science Education Set. This set contains chemicals
and/or parts that may be harmful if misused. Read cautions on indi-
vidual containers and in manual carefully. Not to be used by children
except under adult supervision.
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v No. Description Qty. Item No.
(J 1 Tracing paper 1 705800 Add|t|.0n3.| thmgs
O 2 Lens 1 702342 you will need:
(J 3 Rubberband 1 161 412 scissors, tape, glue, 3 small
) 4 Wooden bead 10 772632 flashlights, pencil, dull knife,
() 5 String 1 350134 old newspaper, soup bow!
() 6 Tube 1 707448 water, large hand.towel, desk
0 7 Mirror 1 702221 lamp, energysaving bult
(J 8 Redtranslucent film 1 161 415 Wh'teaiae’:;r;ng‘:;z? g:tns-quare,
(J 9 Bluetranslucent film 1 702230 ‘c]sfrnn;ass -
(J 10 Green translucent film 1 161416
(J 11 Rainbow film (diffraction grating) 1 707 449 . IS
() 12 chalk 1 705361 -
(J 13 Top 1 703 548 Any materials not contained in
(J 14 optical fiber 1 707 450 the kit are marked in jtalic
(J 15 Modelingclay 1 000588 script in the “You will need”
() 16 cCup 1 707451 boxes.
(J 17 Mounting foot 5 701384 | ¢ ¢ ¢«
(J 18 Pushpin 1 707452 Please check all the parts
(J 19 3D poster 1 707 446 against the list to make sure
(J 20 Flip book paper sheet 1 707445 that nothing is missing. If you
(J 21 Die-cutsheet1(thick cardboard) 1 711210 are missing any parts, please
() 22 Die-cutsheet 2 (thin cardboard) 1 711211 contact Thames & Kosmos cus-
(J 23 Transparent film sheet 1 707 447 tomer service.
(J 24 “Town” paper sheet 1
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@\RNING!

Dear Parents!

What is light? How does vision work?
And can we really believe our eyes? This
experiment kit will give your child a ba-
sic but well-grounded introduction into
the world of optics.

The experiments in this box will act as
an entertaining and playful guide to
careful observation, and they will help
toawaken a curiosity about the natural
sciences.

The topic of optics is complex, and ex-
periments with optical illusions often
require a certain amount of practice,

concentration, steadiness, and patience.

Please do stand by your child with help
and advice, and provide support when it
isneeded.

Please also pay attention to the adja-
cent list of basic rules for safe experi-
mentation. Itis best to review the rules
with your child before starting.

We wish you and, above all, your young
researcher alot of fun and exciting
discoveries!

- Individual parts of this kit have sharp or
pointed edges or corners. Do not injure
yourself!

- Not appropriate for children under 3
years of age. There is adanger of suffo-
cation due to small parts that may be
swallowed or inhaled.

- Save the packaging and instructions, as
they contain important information.

Rules for safe experimentation

- Carefully prepare your workplace for
the experiments. Be sure that you have
enough room and get everything ready
that you might need.

- Carry out the experiments calmly and
carefully, and follow the instructions
precisely.

-> Read the instructions before use, follow
them, and keep them ready for
reference.

- Never shine your flashlight directly into
your eyes or the eyes of another person.

- For experiments that are to be per-
formed in a darkened room, be sure to
clear away any tripping hazards first.

- Keep young children and pets away
from the experiments.

- Store the experiment kit out of the
reach of young children.
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You'might say it’s obvious: Turn on the light; and it’s bright, turn

it offand it’s dark. But did you know that you can’t see rays of
light? It’s true! Rays of light traveling through completely empty
spaceare invisible. Only when they hit something and get re-
flected back do they turn'bright and colorful.

Just.a minute — colorful? Where do the colors come from? On
the next few pages, you will learn more about the exciting topic
of light.



Making rays of
light visible

YOU WILL NEED

- pinhole card from die-cut
sheet1

- mounting foot, chalk

- dull knife, plate, small flash-
light, old newspaper, white
paper

HERE’S HOW

1. Use adull kitchen knife to scrape some
chalk dust off the piece of chalk, and col-
lect the dust on a plate. Find a room that
you can darken with blinds or a curtain.

2. Use the mounting foot to set up the pin-
hole card a good 10 cm away from a
light-colored wall. Spread out an old
newspaper on the table and floor to
keep chalk dust from getting all over the
place! Keep your flashlight and chalk
dust ready.

Switch on the flashlight and darken the
room. Point the flashlight right at the
pinhole card so the light only passes
through the tiny pinhole and you see a
point of light on the wall.

3. Now take some chalk dust and let it
sprinkle down between the pinhole card
and the point of light on the wall.

=> WHAT’S HAPPENING?

Afineray of light will reveal itself in the
chalk dust. You can only recognize it be-
cause the space between the light
source and the light pointis no longer
empty. Now it’s filled with the fine chalk
dust, which reflects the light.

.......................................................



Light: Whatisit? | s

Rainbow colors e

YOU WILL NEED

- mirror J
- flashlight a 0

- sheet of white paper
- soup bowl filled with water

HERE’S HOW

1. Pull the protective film off
the mirror.

2. With one hand, shine the
flashlight on the mirror and
water from above. Try to
“catch” the reflected rays of

light with the sheet of

paper.

= WHAT’S HAPPENING?

ceed in finding the right posi-

tion for the flashlight and sheet of pa- :

per, you will suddenly see rainbow colors
on the paper. White light is actually com- :
posed of all the colors of the rainbow, 1
from violet to.deep red. So in this experi-
ment, whatyou did was separate the 1
light into/its individual colors.

If you suc




Getting colors
from white

YOU WILL NEED

- disk from die-cut sheet 2 e
- top

HERE’S HOW
1. Stick the disk onto the top.

2. Gi\{e the top a powerful
twirl, and watch what hap-

pens to the colors.
What do you notice? —

es quickly and evenly, the

1f the top rotat
kesona uniformly

surface of the topta
light color, almost white. The colorson

the top are more or less the same ones
you findina rainbow. When you mix
them, they become white.

.
.......................................................
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EXPERIMENT 4

The world in
bright colors

YOU WILL NEED

- rainbow film

- glasses parts from die-cut
sheet1

- glue, scissors, paper clips

HERE’S HOW

1. Remove the parts of the
“multi-purpose glasses”
(you will be using the glass-
es for other experiments as
well) from the die-cut sheet
and glue on the side arms.

2. Now, apply glue to the loca-
tionsindicated in the illus-
tration. Fold over the center
section of the glasses. Ideal-
ly, clamp the glued loca-
tions with some paper clips,
to make sure the glue holds
well. Let the glue dry
completely.

3. Carefully cut the piece of
rainbow film down the
center.

4. Insert the rainbow film = WHAT’S HAPPENI
“lenses.”
What do you see when you
look through your rainbow
glasses?

ks nice and
| film in your
ates the

Now everything loo
colorful. The specia
ar
rainbow glasses sep
lightinto its component colors.

.
...........
.........
.........
............
......



A kinkin your
eye?

YOU WILL NEED

- tube
- cup
- water

HERE’S HOW

1.Setthe tubein the cup and
observe it from the side.

2. Now fill the cup with water.
What happens to the tube?

EXPERIMENT 5

_s WHAT’S HAPPE

ks like it has abendinthe

e rom the water.

spot where it emerges f

o...................-.........-o-........n-..-..-u-o0



YOU WILL NEED

- “peacock parts” from
die-cut sheets1and 2

- optical fiber

- colored films

- pushpin

- scissors, glue

- flashlight

HERE’S HOW

)

. Fold and glue the peacock
base together. Glue the
cardboard strip into a
semicircle.

2. Use the pushpin to poke
holes through the white
dots of the “grass plateau.”

3. Insert the semicircle’s card-
board feet into the pre-cut
slits of the plateau, and glue
on the peacock. Cut 9 sec-
tions of optical fiber, each
one about15cm length.

4. Carefully insert the optical
fiber sectionsinto the holes
of the plateau. Now illumi-
nate the base from below
with the flashlight.

Hold various colors of film
in front of the flashlight.

Captured light ////;\\\\\
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- WHAT’S HAPPENlNG?

The peacock’s tzi‘l.f:
the flashlig
:;Z‘:\gt‘:\em! The light is'capturedrg 't
optical fibers and carried upv‘;lan o
evenif the fiberis curvec.!. W t:‘e SO ot
change the color of the film, e o :.
the lightin the tail feathers ¢ a :

thers light up, even

isn’t shining direct- §
y the




FAR-AWAY LIGHT SOURCES IN-

SPACE => Thelight pa‘ssingthrough emp- ,
o ty spaces is |nV|S|bIe That’s why it looks dark -
at. mght AIIwe seels thedistant sources of: - :
; ht .the moon a.nd stars. Raysofllghttrav o
el atavery specific speed:in empty space, 5

KEYWORD: OPTICS -

The word optic comes from
Greek, and more or less means
«the study of visible things.” But
since this branch of physics

deals primarily with the propa- - itsexactly 299,792.458 km per second. Soif .
gation of light, itis also known _+youwereto shmeapowerfulﬂashllght atthe’.
as the “study of light” " moon, it would he about 13 seconds before

anybody there could see your light.

Optical fibers

Optical fibers, such as the ones

you used for the peacock’s tail

feathersin Experiment 6, “cap-
ture” the light and carry it along.

You can see quite clearly how

practically the only point where

the light leaves the optical fibers

Rays of light radiating out
from a light source always
take the shortest route. Light
always travelsina straight

is at their ends.

line.
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CHECK IT OUT V

KEYWORD: REFRACTION

- The apparent bend in a tube standing in a water glass comes
from the fact that the rays of light have to penetrate two differ-
ent materials - air and water. In water, which has greater density,
light can’t move as fast asin the less-dense air. The light ray is di-
verted by the change in speed - it changes direction. But why?

- Imagine that you’re sledding down a hill in winter. Suddenly,

you hit a sandy path at an angle. Here, the sled travels slower
than on the snow. As the right runner reaches the path, but be-
fore the left runner has reached it, the sled starts to turn. The
same thing happens with rays of light in water.
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”: Taking photos is easy. Just press the button on a digital camera
and the picture is ready and instantly viewable. Any questions?
Sure. How do we see images in the first place? You might think
it’s asilly question — because we have eyes. But how do our
eyes work? You can actually understand it pretty well by com-
paring your eyes to a camera. First, though, you have to under-
stand how a camera “sees” images.

i
s
. e -

Eye and Camera:
How We See Images
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EXPERIMENT 7
YOU WILL NEED

- pinhole camera from die-cut
sheet1

- tracing paper

- glue

HERE’S HOW

1. First, glue the tracing paper behind the
openingin the screen. Be careful not to
getany glue on the part of the paper
viewable through the opening.

2. Fold over all the folding sections, apply
glue to the gluing surfaces, and assem-
ble the camera box. Let everything dry
well.

3. Now point the pinhole camera toward a
window so the tracing paper, or screen,
ison your side and the little hole is
aimed at the window.

Canyou see anything on the screen?

_5 WHAT’S HAPPE

you might see

_case scenario,
In the best-cas w, or maybe

the dim outline of the w'md: AN
1 dine in the distance.

of abuildingin o

very convincing

we will still have to

......
...........
..........
.........
.......

demonstration,
workatit.

.
............




Sharper please!

YOU WILL NEED

- “multi-purpose glasses”
from Experiment 4

- film with pinhole pattern

- scissors

HERE’S HOW

1. Carefully cut out the rectangles of film
with the pinhole patterns.

2. In your multi-function glasses, replace
the rainbow film with the pinhole-pat-
tern film.

3. Now take this instruction manual and
move your head so close to it that the
letters get too blurry for you to read the
writing. Then put on your “pinhole
glasses.”

What happens to the blurry letters?

_, WHAT’S HAPPENING?

_you will be
is so close that
to the naked

With the pinhole glasses

able toread writing that
j blurry

it would just look

‘t": So we cansee things more sha‘rply

: mall openings. Thisisa

use to our advan-

ey
throughverys
discovery that we can
tageinthe pinhole camera.

.
...........
.........
.........
...........
.........
......

EXPERIMENT 8
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Camera with
aperture

YOU WILL NEED a

- |lens apertures from die-cut
sheet1

- pinhole camera from Experi-
ment7

- large hand towel

HERE’S HOW

1. Hold the aperture with the larger hole
over the opening at the front of the cam-
era, and point the camera at a window.
Itis crucial thatit be brighter outside
than inside the room! If necessary,
drape alarge hand towel over your
head, as photographers used to do in

the old days. e

2. Now try the same thing with the aper-
ture with the smaller hole.
Do you notice a difference?

NOWyoU canseeob
éspecially jf they ar
they will also appe

jects more sharply,

efar away - although

ardarker. :

(lj/\:rt; the aperture, the image becomes
erbecause less light gets through

¢ .
he smaller Obening. At the Same time

theimage is sharpey ;




The light
collector

YOU WILL NEED

- lens

- energy-saving bulb

- sheet of white paper

- non-permanent marker
- desk lamp

HERE’S HOW

1. Draw a smiley face on the cold light
bulb and have an adult screw the
light bulbinto a desk lamp.

2. Pull the curtains closed and shine the
desk lamp on your sheet of paper.
Use the lens to try to produce a sharp
image on the paper. To do that, you
will have to position it at the exact
right distance between the lamp and
the paper.

Never touch the hot light bulb when
itisturned on — you will burn your
fingers!

' HAPPENING?

ion where

- WHAT

specific locat ‘
duceareally sharp im-
painted onthe
the scatteredin-
cts it righton the
this case, on the

There is justone
the lens will pro
age of the smiley face
bulb. The lens gathers

coming light and colle
ce” —in
hat's why it’s some-

llector lens.

“image surfa
sheet of paper-T
times called aco

......
..........
........
...........
......

EXPERIMENT 10
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EXPERIMENT 11

Full view with
lens

YOU WILL NEED o

- pinhole camera
- lens

HERE’S HOW

1. Carefully insert the lens into the pin-
hole camera opening.

2. Now hold the camera with its lens so
it’s pointed at the window, as in Ex-
periment 7.

Does the image on the screen look
any different now?




Wandering
sharpness

YOU WILL NEED

- wooden beads
- cord

HERE’S HOW

1. String the beads onto the cord. Make
sure that the beads are all spaced more
or less evenly along the cord.

2. Tie the end of the cord to something sol-
id. Squint one eye and look along the
string of beads with the other as you
pull the cord taut and hold it right in
front of your eye, as shown in the
illustration.

How many of the beads can you see
sharply at one time?

. Now squint both eyes.
What changes?

) WHAT'S HAPPENING?

d
When you look at, say, the secor\dtbea
with your eyes wide open., the f\rl‘s)h,”r
fourth, and fifth beads will l.ook .
you sq'uint your eyes, you will getwirks 3

inting your eyes
” beads — squin . .

T’lke having an extra aperturein fron

your eyes.

y. If

.
...........
.........
...........
..........
.......
........

EXPERIMENT 12
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The blind spot

YOU WILL NEED

- theillustration below

HERE’S HOW

‘I:IotI: theillustration in your right hand
col your arm stretched out straight, and
ver your left eye with your left hanld

Now slow.ly move the drawing towards
ywohuc,)lkegplng your eye on the frog the
o itlme. Pay attention to what hap-
s ? the fly — but be sure to ke
watching the frog! -

EXPERIMENT 13

’S HAPPENlNG?

= WHAT

Most of the time, you will be able
to see the fly off to the side. But
suddenly, when the illustration s
about 30-40 cm away, the fly dis-
here seems to bea
spotinyour eye where you can’t
see anything. That’s why this spot
is called the «plind spot.” usually
we don’t notice itatall —the
prain outsmarts our eyes and

tricks us into thinking we see
our en-

appears. Sot

things everywhere across
tire visual field.

.
......................................



Time-delayed
vision: the flip
book

YOU WILL NEED

- “flip book” paper sheet
- rubber band

HERE’S HOW

1c L
r:r: apaI:t the individual pictures and ar
ge themin the cor -
rect se
(numbers 1-24). T

2. Tiethem to
gether .
ber band. securely with the rub-

3. Right-
:nght .handers should take the flip book
n their left hand, left-handers in their

right. Now quickly fli
pages. y flip through all the

WHAT’S HAPPENI

ndividual pictures, the
ke it’s moving and tak-
ing flight. Your flip book works by the

same principle underlying everything
levision, on the computer,

Now, in place ofi
putterfly looks li

you see on te
orinamovie theater. Ther
dividual images that follow each other

so quickly that your eye
soinstead of individual images, it sees

continuous movement.

.
.........................................

e are lots of in-

can’t keepup —

..............

EXPERIMENT 14
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CHECK IT OUT

% PINHOLE CAMERA & EYE

- How the image gets onto the pinhole camera screen

Every point of any object emits rays of light in all directions.

Without an aperture, the image on the screen is bright, because a lot of light finds its
way through the hole. However, all the light rays land on all sorts of different spots on

the screen — which is why the image is blurry. ¢ Pinhole camera without aperture

.
.

Camera obscura | | V4

Light point 2

I»,,\
Light point 3 1 The image is blurry.
F--

Light point 1

When the aperture is used, a lot fewer light rays find their way through the hole, but
they arrive at the screen closer together. That makes the image a lot sharper, but un-
fortunately darker as well. Pinhole camera with aperture

Light point 2 Aperture || Camera obscura

1 The image is sharper,

Light point 3 but darker.

Light point 1

- What does the lens do?

In the two diagrams,
you can also see why the

With the lens, the image is crystal clear and bright .
. image on the screen is

The lens cc?llects all the scattered incoming light
raysand displays them on one point of the screen turned upside down-
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CHECK IT OUT V

| t o

\\ * y < Vs i:\\\
4, ‘ > 2 o “ 1 ¥

\ = Screenand lensinoureye -

- “ Our eye also has a collector lens. In our eye, the image is
. | projected upside down and mirror-reversed onto its dis-
S  ‘ play screen, or retina. Luckily, we don’t notice that at all,
o because the upside-down image is automatically “cor-
rected” by our brain.

N

The lensis located at the front of the eye, and can adjust it-
self for near or distance vision by making itself thicker or
thinner.

- The pupil: the eye’s aperture

The eye has an aperture as well — the
pupil. When it’s bright, the brain in- Retina
stantly registers how much light » the eye’s display

is striking the eyes, and it ad- scIeen)
justs the pupil size so that
what you’re seeing is nei-
ther too bright nor too
dark. You can use a mir-
ror to see what size
your pupils are when
it’s bright and how
large they get after you
have spent a couple
minutesin adark room.

Blind spot

(the retina is
interrupted here
by the optic nerve)
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Seeing (L0lOf

Red isred and green is green, right? Not always! Anyone who has

walked in the woods at night knows that sometimes you may
see gray, black, or white, but no colors. Only when the sun comes
up oryou turn on astrong light do the colors appear. On top of
that, even when we are able to see colors, we can only see three

of them. How does that work? See for yourself!



Invisible colors

YOU WILL NEED

- colored disks and “rhino”
cardboard figure from die-
cutsheetl

- chalk, three mounting feet

- glue, kitchen table
(washable)

- an assistant

AT’S HAPPENING?

hat something s
you will only be
olor, however, af-
d farther to-

You can quickly see t
moving on the table.
ableto recognizeits¢
ter the disk has been |:nove
ward the center. That

vision «detectors” a

T
d across your eye. : f
l:e:eof them along the edge of your fieldo

vision than toward the cente;". T::;;sof
why you only see shapes. atthe gl
your visual field. The pfnnt at \thor

ors become visibleis differen

everyone.

s because the color ¢
re not evenly distrib- ¢
here arealot few-

HERE’S HOW

1. Fold over the colored disks and set them
on the mounting feet.

2. Mount the rhino on another mounting
foot and place it on the table about 50
cm away from the table’s edge. Now
draw a semicircle on the table with the
chalk. Place the colored disks near the
ends of the semicircle arch. Position
your head at the front with your chin
resting on the edge of the table.

Have your assistant take one of the col-
ored disks and push it slowly along the
semicircle arch from the edge of the ta-
ble toward the center. Meanwhile, just

.= focusontherhino the entire time, but

pay attention to when you can start to
see the disk at the edge of your field of
vision. Your assistant should mark this
point on the semicircle with the chalk.
Can you recognize the color? If not, have
your assistant keep moving the disk. Say
“Stop!” as soon as you see the color.
Your assistant should mark this spot as
well.

Now do the same thing from the other
side, and then try the other colored disk,
and then switch roles with your
assistant.
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EXPERIMENT 16
Ghost writing
from nowhere

YOU WILL NEED

- theillustration on the right

HERE’S HOW

1. Look as the letters to the right for about
15 seconds, focusing on the black dot in
the center.

2.Then look at the black dot in the empty
space beneath.
What do you see?

e

appears as if written .

The word “red AN @

by the hand of aghost —
really is red.



Mixing colors

YOU WILL NEED

- “spotlight parts” from die-
cutsheetl

- colored film, modeling clay

- pencil, 3 small flashlights,
sheet of white paper, ruler,
compass

- at least one assistant

HERE’S HOW

1. Assemble the individual spotlight pieces
asshownin theillustration.

2. When everything is good and dry, mount
the colored film sections by inserting
them into the slots at the four corners of
each spotlight.

3. Now make three “feet” out of clay and
mount the spotlights on them.

EXPERIMENT 17
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EXPERIMENT 17

HERE’S HOW IT CONTINUES

4. Draw a circle with a diameter of about 7
cmon the sheet of white paper. Hold it in
front of the spotlights like a screen.

Now each person should take his or her
flashlight and shine it through one of the
three spotlights, so the cone of light hits
the circle as closely as possible.

5. Now watch what happens when you
shine light through two or all three spot-
lights at the same time.

What happens when you vary the light
intensity by holding the flashlights a lit-
tle farther away or by switching off one
of the flashlights?

_, WHAT’S HAPPENING?

of the cones of light blend t(;—
oduce other colors: red an .
yellow, red and blue'make -y
and green make blu|sh.
ying the intensity of li
through the spot-
further color
on full

The colors
gether to pr
green make
purple, blue
green. By var

that you shine
ishts, you can get
‘\;iriatiins. And all three :
uce: White! ---------------- o

ght

power prod

.....
..........
.........
..........
......



Monitor
screen colors

-> On your computer screen, all the
different colors are made by mix-
ing the three basic colors red,

green, and blue. study a white sec
tion of your screen image with the
magnifying glass. Through the
magnifying glass, you cansee
small dots of red, green, and blue.
without the magnifying glass,
however, the eye can’t separate
the colors, and only perceives :

" them as mixed — whichis why this

: «pgar.t_o\f\thé sc.regn.,looks white.

\ L All colors
( l together

produce white

The “color detectors”
in your eye

We have three different “detectors” for
colorinour eye. One type is best at recog-
nizing red, another type recognizes green,
and another type is best at recognizing
blue. How is it, then, that we can see so
many different colors and color gradations?
We saw in Experiment 17 how all the differ-

ent colors can be produced from just three
basic colors.

That’s exactly what our eye does too. Our
brain creates the colors we see by calculat-
ing how strongly the three different types
of “detector” are stimulated.

Since these “detectors” require a certain
amount of lightin order to become “activat-

ed,” though, we cannot perceive any colors
atnight.




[

Have you ever wondered why you have two eyes? If you shut

one, you will quickly notice that something is amiss. Now try
walking down the stairs (but hold on tight to the handrail!). A lit-
tle unsteady, aren’t you? In this chapter, you will learn why it is
that two eyes are better than one.




EXPERIMENT 18

Target practice

YOU WILL NEED

- clay

- cup

- table

- an assistant

HERE’S HOW

1. Make a small ball of clay, about
the size of a marble.

2. Place the cup on the table.
Hand the ball of clay to your
assistant.

3. Stand about 4 or 5 meters
away from the table and cover
one eye with your hand. Now
you’ll have to give directions:
Tell your assistant exactly
where to move his or her hand
in order to drop the clay ball
into the cup.

How often does the ball make
itinto the cup? And how often
does it work when you keep

both eyes open? e

I3 HAPPEN\NG?

it’ r
1f you hold one eye shut, it’s a‘lo:sh:br:je
to tell exactly when the marble sanove
the cup. Left and right are no p: i

it’s forward and backward tha

i te
We can only come up with accur:
eswhen we use bot

- WHAT

cult.
distance estimat

...........
..........
......



Xory?
) Y. EXPERIMENT 19

YOU WILL NEED

- string of beads from
Experiment 12

HERE’S HOW

1. I-!old the string of beads
.nght in front of your nose —
in other words, right be-

tween youre
yes —a
alongit. ok % 'p

2. Shut your left and then your 6 @

right eye, one after the

other.

3. Open both eyes and try to
focus on one of the beads
close toyou, and then on
onein the middle distance

5 WHAT’S HAPPENING?

u close each of your eyes in

Whenyo
turn, the different viewing angles make

it look as if the front end of the string
were jumping pack and forth. 1f you look i
atone of the close-up beads with both
eyes, the far end of the string will look
likeay, while if you focus on abeadin
the middle, you will see an X. your brain
composes an overall impression from
the images conveyed to it from the eyes,
and it’s that overall impression thatlets
us seein3D.In the process, though, sev-
eral other strange things happenas well. @




EXPERIMENT 20 EXPERIMENT 21

A holein Look out!
your hand A giant fish!

YOU WILL NEED YOU WILL NEED

- sheet of letter-sized paper - the picture with the two fish
from die-cut sheet 1

HERE’S HOW
HERE’S HOW
1. Roll the sheet of paperinto a tube.
1. Look at the picture from a little dis-

2. Hold the tube in front of your left eye tance away. First focus your eyes on
and carefully guide the palm of your the little fish.
right hand toward the tube from the
right. 2. Then move the sheet closer toward

your eyes, but without changing your
focus. You will be looking “through”
the sheet and focusing on the point
where the fish used to be.

Where does the little fish swim to?

hole in the mid-

=> WHAT’S HAPPENING?

What? Your hand has a'l aplained. E¥
dle! Thisillusionis e?fsi‘nyto the distance, When you move the sheet closer, your i
number one looks 0 lo0ks at your left eye stays on the little fish while your :
while eye number tWo ard time combin- right eye moves to the big one. Because

the brain cannot process two separate

look off into the dis- images in parallel, it blends both of them
sense. Result: You °h L together. So if you’re not careful, the lit-
tance through your ant tle fish will get swallowed up!

eee
.....
...........

.................................................................
.........

i h
nd.You brain hasa '
?:g the two things inaway that make

.
e
......
......



EXPERIMENT 22

Pif:tures pop
with 3D glasses

YOU WILL NEED

- “multi-purpose” glasses
-

red and blue colored film
- 3D poster

HERE’S HOW

1.
Insert the red and blue pieces of film

into the leftand ri
right secti
s ght sections of your

2.H
thang up the poster and look at it
r
! t(L)lugh your 3D glasses. Close each eye
rn. Move your head back and forth

_, WHAT’S HAPPENING?

Wow, it really looks like the elephant’s
trunkis comingoutat you! If you move
your head back and forth, the trunk
moves as well. The elephant poster con-
tains two almost-identical different-col-
ored pictures — they are only alittle dif-
ferent because they were taken from
two slightly different perspectives,
matching the distance between your
two eyes. Thanks to the colored film, you :
see only the red image with one eye and
the blue image with the other. whenyou :
combine both images inyour brain, you :
seeasingle image in three dimensions

(30).




Cubes projecting
into the room

YOU WILL NEED

- the picture below

HERE’S HOW

1.Sitdown, relax, and hold
the picture about 40 cm
away from you.

2. Now try looking “through
the picture” into the dis-
tance. You will probably
have to practice a little
What happens? .

3. Pt?int atone of the cubes
with your finger.

The cubes suddenlylo

= WHAT’S HAPPE

EXPERIMENT 23

ok three-dimen-

sional, because your eyes overlap adja

cent cubes asyou loo
tance. Your brain
three-dimensiona

k off into the dis-
uses that to createa
| effect. For thisto

work, the overlapping objects have to
look almost identical. The image might

bealittle shaky. And
your finger intoit, th
disappears. Butifyo
onto the 3D image, y
fingers.

............................

SJOPSS0E

whenyou stick

e magic instantly

u succeed in holding :
ou will see two ;

...........................




We need two eyes in order to orient ourselves properly in space. Our two eyes send
two slightly different images of the same object to our brain, because each one is
focusing on it from a slightly different perspective. In a flash, the brain uses the
two images to calculate the exact shape and location of the object.

All of that works well enough, but only if we use our eyesin a
normal way. When, on the other hand, we deliberately set our
eyes to “distance vision” as we look at an object up close, the
images that our two eyes convey to our brain don’t fit together
properly. And that’s when you can start seeing nonsense, such
as the holein your hand in Experiment 20.

Note:
you can’t always trust

your eyes!




YOUR BRAIN “SEES” TOO

But isi
mo\:/.vh.y isitthat we experience TV and
o |er|]mages as having depth, even
u : I
i a?I we’re only seeing a single image
o isa.t, two-dimensional screen? And
. f{onltt thzt we usually still know what’s
and what’s in back i
ckif wecl
oneeye —evenifi ore
if it’s not quit
e e as precise
o farcltt::]o eyes? The explanation liesin
atour brain al
th : : so calculates
e locations of objects based on expe-

, rience. It “k »

' jects look smal nows,” for exampl

lines (such as railway traclli)r as they get farther away, and thpa:,pthat”()b-

tored i ; converge in ; ‘ arallel
din during the perception ProcegsS the distance. All of that is fac-

3D MOVIES

The first 3D movies were made in the 50s. Film produc-
ers thought they could use this new technology to
entice larger audiences into theaters, since 3D
movies couldn’t be shown on plack-and-white
TV.

|n recent years, 3D technology has been de-
veloped guite @ bit further. T0 show these
modern 3D movies, theaters need special
equipment. But the 3D experience has be-
come more and more popular, sO there are @
|ot of theaters where you cansee these movies.
They are filmed with the use€ of two lenses placed
3 certain distance apart— justas thetwo elephant
imagesin Experiment 22 were taken from two slightly
different perspectives.



Now things are going to get a little crazy. Colors from black-and-
white patterns, fixed circles that start to rotate on the page,
wrong sizes and straight rooms that look crooked. Everything is

relative, and the things we see with our own eyes aren’t neces-
sarily true!



EXPERIMENT 24
Ghostly rotating
circles

YOU WILL NEED

- the picture below

HERE’S HOW

1. Place the manual on the floor and look
atthecirclein the center.

2. Now slowly move your face closer to the

picture. Keep your eyes on the center
? circle. Then stand back up again.
PENING?
-> WHAT’S HAP : What do you see?
. t ¢
i Wwhenyou move closer, the circles Stalrj :
to rotatein opposite directions: 1fyo

face
move the picture away from yo:.lr "
again, you will see the carouse rotatein :
g

reverse.

...........
.............
esesese




EXPERIMENT 25
Color illusions

YOU WILL NEED

- black-and-white disk from
die-cut sheet 2, top

HERE’S HOW

1. Remove the disk from the die-cut
sheet and place it on the top.

2. Spin the top as quickly and smoothly
asyou can and watch it from above
until it starts to wobble.

HAT’S HAPPEN\NG?
quickly, at firstyou will

top spins .
If the top light gray rings- B

just see equally

i - red rin
ifferent colo e
X ich will become more and mo

ing, Wh ation speed drops.

obvious as therot

utthen
gs will startappear :

Optical Illusions | 39

EXPERIMENT 26

What’s growing
there?

YOU WILL NEED

- black-and-white disk from
die-cut sheet 2, top

HERE’S HOW

1.Spinthe top as fast as possibleina
clockwise direction, and closely
watch the rotating disk — the longer
the better.

2. Before the top starts to wobble, look
quickly at the back of your hand.

©

=> WHAT’S HAPPENING?

It looks like something is growing out of
the back of your hand! Fortunately, it’s
justan opticalillusion. Your brain can’t
return to a stopped position so quickly,
so you end up seeing something that’s
the opposite of the top’s whirlpool
effect.



EXPERIMENT 27 EXPERIMENT 28

No beginning Crooked or
and no end straight?
YOU WILL NEED YOU WILL NEED
- colored disk from die-cut - the picture below
sheet 2 - ruler from die-cut sheet 1
- top
HERE’S HOW
HERE’S HOW
1. Look at the black-and-white
1. Examine the spiral closely lines.
and trace the line with your They’re slanted and crooked,
finger. What’s going on right?
here?

2. Check the lines with your ruler!
2. Now spin the disk on the

top. =>» WHAT’S HAPPENING?

This optical illusion also deceives you :
with its alternating black-and-white pat-
tern. Thelines look like they’re crooked.

It’s not actually a spiral, it only |z:>;skl-|ke 1
one. When your eye follo.ws theward -
and-yellow lines, itis guided tod o
center because the backgroun phs o
ms to disappear into the (%ept. ke :.
i:inel and the black-and-white :‘l:;l:n
lines are all “twiste::t\gz‘e;ni: P ey
ou canse :
t:::: taoc"zlxilly nothing more than separate

individual circles.

e ®
...............
eeee
..........
..........
.........
......




Dwarves become
giants

YOU WILL NEED

- “monsters” from die-cut
sheetl

-« »
town” paper sheet

HERE’S HOW

1. Fir
lef:tp; putt t;oth monstersin the lower
art of the picture
— the pla
where the street begins PR

2. Le
: ave one monster there. Move the oth
rone up along the road -

Optical Illlusions | 41

EXPERIMENT 29

WHAT’S HAPPEN\NG?

The farther along the road the monster

goes, the largerit appears. of course,

both monsters are actually the same

size, NO question about that. Our brain

assumes that everything looks smaller

as it moves away from us — just like the

houses in the picture. The monster,
though, doesn’t get smaller— and ends

up looking like a giant.

cecssesssee®



How’s your

visual judgment?

YOU WILL NEED

- ruler from die-cut's
- slider parts from di
sheet 2

HERE’S HOW

1. Insert the cardboard strip

into the pre-cut ope
and adjust the slide
there appeartobet
equally-long lines.

2. Now check the resul
theruler.

- WHAT’S HA

Did you misjudge t
bad — everybody d

ends trick us into see

spectives:The arro
impression ©
us. The arrow tails
we’re looking into
room.We assume
away and that itt
smaller than itac

misjudge its lengt

.
........................

he length? pon’t feel

fanedge pointing toward

heet1
e-cut

ning
rsothat
wo

ts with

PPENING?

oes.The different
ing different per-
wheads convey the

make it seem like
the back corner ofa

that this lineis farther

herefore appears
tually is. That's why we
h as being greater than

3
\
N\

EXPERIMENT 30



Optical Illusions | 43

EXPERIMENT 31

YOU WILL NEED

- film

- film holder and viewing
panel from die-cut sheet 1

- mounting foot

- paper, pencil, set square,
scissors

HERE’S HOW

1. Cut out the film with the grid and mount
it with the help of the brackets. Then
draw a grid of 6 x 6 squares on the piece
of paper. Each square should be exactly
2cm alongits edge.

2. Now set up the viewing panel with the
help of the mounting foot, as shown in
theillustration.

3. Look for a simple object to draw, such as
amug, and position it behind the film.
Then look through the viewing panel
hole and draw exactly what you see
through the individual squares on the
film. Ideally, first look for the corner
points and connect them.

d helps you convert the :
. . age- 3
edge linesyou seein3D |ntf:» a2D |:1nagge :
whichin turn helps you derwe:n‘: e
drawnin perfect perspective. orS "
also use this method to make pfa gpsub
n -
i i f more challengl
tive drawings © ' :
ject matter, suchasaview ontohtht ape
lstreet outyour window. TO (.10 t va: ,ane
the film directly onto the windowp

The grid metho




Slanted but
straight!

YOU WILL NEED

- “Ames room” parts from die-
cut sheet 2
- glue

HERE’S HOW

-

. Remove the parts from the die-
cut sheet and carefully fold over
the shaded gluing flaps.

2. Apply glue to the shaded surfac-
esand assemble the two room

sections as shown in theillustra-

tion. All of the illustrated surfac-
esgoon theinside, and the
“crooked box” will end up all
white on the outside.

3. Look into the room through the

openingon the front (the side to-

ward the frontin the
illustration).

AT’S HAPPENING?

1f you look at th
there’s no ques

crooked. But wh .
through the opening,
seeing a totally norm

e room from the outside,
tion — it’s totally

. 't
en you lookinto!
you'll suddenly be

al right-angled
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Big and little
monsters

YOU WILL NEED

- “Amesroom” from
Experiment 32

- “monsters” from
Experiment 29

- glue

HERE’S HOW
1. Glue one of the monsters into the rear
left corner, and the other into the rear

right corner.

2. Look through the window into the
crooked room again.

EXPERIMENT 33

- WHAT’S HAPPENI

The monster onth
larger than the oneon
didn’t know tha

tually positione
would have no dou

d farther away,

Cesesse wecssssesscccc®?
cesscsnccc®
essssscce

e left looks distinctly
the right! 1f you
t the right monster is ac

you

bt thatitwas smaller.

.
........
.....



The Chevreul
illusion

YOU WILL NEED

- theillustration below
- pencil

HERE’S HOW

1.Sitdown, relax, and take a
look at theillustration
below.

What strikes you about it?

2. Now t.ake your pencil and
placeitalongthe lines be-
tween each of the adjacent

strips of color,
, one aft
other. erine

What do you see?

EXPERIMENT 34

_5 WHAT’S HAPPE

ach of the seven red-

|1t first looks like e
ored uneven-

dish-orange columns is col

ly, becoming darker as you g0 from left
to right. Butif you place the pencil along
the border petween two colored col-
umns, each of the two strips looks con-
sistently colored.The color that we see,
in other words, depends on the color

nexttoit.
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EXPERIMENT 35
Color is relative ®

YOU WILL NEED

- blue-and-yellow-striped
sheet and gray strips from
die-cut sheet1

- scissors

HERE’S HOW

-

.Cut3 cminto the blue-and-yellow-
striped sheet from each side, cutting
along the boundaries between the col-
ors. Be careful not to cut all the way o
throughinto the center of the sheet!

2. Take a careful look at the two gray card-
board strips. They are the same shade of

gray.

3. Now weave the gray strips along each o
edge of the blue-and-yellow sheet, with
the yellow bars on top on one side and
the blue bars on top on the other. .
Take alook at both edges.
How do the gray strips look? i 4

if-
The gray strips now appe'ar tohlrta :‘:\:: d :
ferent shades. once agam., w s
shows is that our perception 0 B
influenced by the color T\ext to :" o
erything we seeisrelative — o
sily deceived.

areea

.
...........
.........
..........
..........
.........
......



CHECK IT OUT

\ Incorrect
| colors

The Chevreulillusion from

Experiment 34 is named af-
ter the French chemist Michel
Eugene Chevreul (1786-1889).
As director of a tapestry facto
ry in Paris, he was in charge of
reviewing customer com-
plaints. Some customers com-
plained that their expensive
tapestries were poorly dyed.
Chevreul determined that the
colors were sometimes per-

What we actually see only comes into existence after
the brain processes the images supplied by the eyes.
And what we see doesn’t necessarily have to match re-
ality. The eyes always provide us with images in per-
spective: What is in front appears larger, and what is
farther away looks smaller to us. Parallel-running
lines, such as railroad tracks, seem to meet in the dis-
tance. In the same way, pictures that are drawn ac-
cording to the rules of perspective will make a three-
dimensional impression on us.

fectly correct, yet still looked
“wrong.” In this way, he was
able to figure out that adjacent
fields of color can affect one
another’s color and brightness.

- Ames Room «

The first Ames room was constructed in 1935. When you look into the room, all the wall,
ceiling, floor, and window image points lie along perspective lines, just as we used in the
perspective drawing in Experiment 31. So on your eye’sretina, you getan image that
looks like it came from a completely normal right-angled room. When processing what it
sees, your brain always opts for the simplest solution. So when we look with one eye
into the Ames room, we assume thatit’s right-angled.

This kind of trick is also
used in movies. To make
the hobbits look small com-
pared to the magician Gan-
dalfin the first part of “The
Lord of the Rings,” the
scenes were filmed in an
Ames room.
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