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DURATION:

approx. 15 minutes

ADDITIONALLY REQUIRED:

• an empty bottle
• a glass
• a soup bowl
• a spoon
• water
• a sachet of baking powder 

(approx. 15 g)
• food coloring
• a funnel
• dishwashing liquid (optional)

Experiment
Put on the safety goggles. Pour the baking 
powder into the bottle. If you want to 
produce a lot of "lava", you can use more 
powder. Place the bottle in a bowl or a 
soup plate and set it aside for a moment. 
Now, fill the glass half full with water. For a 
particularly effective volcanic eruption, you 
can dye the water with food coloring, 
preferably red. Add sufficient coloring to 
make the water dark red.

VOLCANO ERUPTION

First, pour the baking 
powder into the bottle. 
Use a small funnel if 
the opening is very 
narrow._______

Gradually add the citric 
acid to the colored 
water.

Gradually add the citric acid to the water and 
stir the mixture with the spoon handle. You 
can also add some dishwashing liquid to 
make the volcano foam better.
Now, carefully and slowly pour the 
water-citric-acid mixture into the volcano 
bottle.

NOTE ( 
====' 

pages of this manual.

Carefully and slowly add the 
water-citric-acid mixture to th< 
volcano.

It will immediately begin to produce foam. 
You can see that the bottle fills up rapidly. . 
This is because the reaction of the baking 
powder with the citric acid starts at c.ice.l 
While the baking powder and the citric acicj 
react with each other, they release r lot of 
gas that produces bubbles and makes the 
volcano erupt.



ACIDS AND BASES

TIPS.
Vinegar: Instead of citric acid, you can 
also use an equal amount of vinegar as 
vinegar is also an acid. The only draw 
back is its intense smell.

Volcano landscape: In this experiment, 
the volcano consisted of a simple 
bottle so that you could better observe 
what happens within. However you 
can also build a real volcano landscape 
in which you incorporate the> bott e. 
Let your imagination run wild! For 
instance, you can model a mountain 
from aluminum foil and decorate it.

DISPOSAL j
After completing the experiments, * 
you need to dispose of the remains of 
the volcano in the gutter or the 
household waste.

The mixture immediately begins to 
react when the baking powders comes 
into contact with the acid as shown by 
the rapid rise of the foam in the bottle. 
Chemically speaking, citric acid is an 
acidic liquid while the baking powder 
is basic or alkaline. When these 
substances touch each other, a violent 
reaction occurs: the two highly 
different substances neutralize each 
other. In the process, they release 
carbon dioxide (CO2), a colorless gas. It 
expands intensely and together with 
the dishwashing liquid, causes the 
bubble effect that makes the volcano 
erupt.
Incidentally, citric acid is very common 
in nature. It is not only present in 
citrus fruits but also in apples and 
pears and even in milk.

Carbon dioxide
Carbon dioxide, CO2 in short, is a 
colorless gas consisting of carbon and 
oxygen. It is a natural component of air 
and is responsible for the bubbles in 
many beverages.
However, carbon dioxide is also a 
component of the exhaust gases 
produced by the burning engines of 
cars. Among others, these exhaust 

gases have been causing the amount 
of carbon dioxide in the Earth's 
atmosphere to increase for years. After 
all, there are lots of cars in the world 
that permanently blow exhaust gases 
into the air. This is harmful to the 
environment as CO2 contributes to 
climate change and the greenhouse 
effect.

Citric acid is a widely used cleaning 
agent. It is especially good at removing 
calcium deposits or red wine stains 
from clothing.



THIRSTY POWDER

Experiment 1
For this experiment, you will need two 
glasses of the same size and some water. 
It works best with distilled water; 
however, tap water will also do. «

Weigh the packet with the SAP powder on 
the kitchen scales. Including the 
packaging, it weighs a little more than 0.7 
ounces. Pour the powder into one glass 
and fill the other glass with water. Then 
pour the water slowly into the glass with 
the powder. The powder immediately 
absorbs the liquid and inflates. Little by 
little, add all the water to the powder. In 
the process the powder becomes a white, 
granular mass. The liquid water is gone.
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DURATION:

approx. 20 minutes

ADDITIONALLY REQUIRED:

• water
• kitchen scales
• two glasses of the same size
• a bowl

| respiratory P^^ldren and use it only 
| under supervision of adults. ______ The glass is full. However, there is no longer I 

any trace of water but only puffed up powder.

When you slowly pour the water into the glass, 
it is immediately absorbed by the powder.



When you touch the mass, it feels soft 
and somewhat moist. However, it won't 
wet your fingers. Weigh the mass again. If 
you have used a regular glass of water, 
the inflated mass will now be ten to 
twelve times as heavy as the original 
powder.

The powder continues to absorb 
water, even though it towers above 
the bowl.

disposal •>
* “TlePn®the experiments, you 
I ’he ht0 d LP°Se of the SAP Powder in 
[ he household waste.

Experiment 2
Put the inflated mass into a bowl and add 
another glass of water. The substance will 
continue to puff up. Try to add yet anoth­
er glass of water. The mass begins to form 
a tower that looms above the bowl. When 
you add more water, part of it may land 
on the table. However, this is not water 
but powder full of water. Nonetheless try 
and let the SAP powder absorb several 
more glasses of water.

In our experiment, the SAP powder 
absorbed five glasses of water, i.e. - 
times its own weight.

WHAT 1$ SAP POWDER?
SAP stands for "Super Absorbent 
Polymers" These are synthetic 
materials capable of absorbing liquids 
up to multiples of their weight. This 
works particularly well with water. 
Simply put, the water 
molecules enter the interior of the 
super absorbent material and are held 
back by it. In the process, the SAP 
powder puffs up. It can take in liquids 
up to 1000 times its mass. This is partly 
due to the sodium ions contained in 
the powder as indicated by the 
chemical name of the SAP powder 
supplied with the calendar: it is called 
sodium poly acrylate.
Uses:
SAP powder is.used to absorb liquid. 
Among its many uses, it is contained in 
diapers to keep the baby dry. While 
the diapers still feel dry after use, their 
added weight shows how much liquid 
they have absorbed. The powder is 
also used as an extinguishing agent 
and as an additive for potting soil.



dayJ 3 WATER VORTICES
Experiment 1

For this experiment, you need two big 
bottles. Fill one of them with water; the 
other one remains empty. Screw the 
"vortex connector" on the full bottle, and 
then attach the empty bottle to the upper 
end of the connector.
Now turn the two connected bottles 
upside down so that the full one is on top. 
What happens? Nothing! The water stays 
in the upper bottle.

Connect the two bottles 
with the vortex connector.

Why does this happen?
If the bottle is filled to the top, the air in 
the bottom bottle doesn't have a chance 
to escape upward. Basically, the water in 
the upper bottle rests on an air cushion.

After "stirring" the 
bottles, a vortex 
begins to build up and 
the water starts to 
flow down.

If you turn the 
bottles so that the 
full one is on top, 
the water will not 
flow down to the 
bottom one.

DURM'0" .
approx. 10 mmutes

• two equally 
• water

Experiment 2
Creating vortices
As you have seen, simply turning the 
bottles upside down is not sufficient for 
the water to flow down. You also have to 
move the bottles as if stirring with 
a cooking spoon. In the process, the water 
begins to swirl and an eddy or water vortex 
builds up.
When you try this several times, you will 
notice that the vortex looks different every 
time with the funnel shape more or less 
pronounced.

IMPORTANT:
The Vortex Connector is 
suitable for typical soda 
plastic bottles. Before 
usage, please remove 
the "neck" ring just 
under the cap.



WHAT IS A VORTEX? THE CORIOLIS FORCE

Experiment 3
In which direction does the vortex turn?
Try io create a water vortex in the 
connected bottles several times in a row 
a? observe its rotating direction. You can 
also watch the vortex of the water running 
o>'t of a bath tub. You will realize that the 
vortex does not always turn in the same 
direction.

...............X

A vortex appears when a liquid 
drains out downward and moves in 
a circular or spiral pattern 
resembling a funnel. Vortices are 
also called eddies or whirlpools. 
However, vortices do not only 
appear in sinks and when emptying 
a bottle but also in the ocean and in 
rivers. They can become very 
dangerous for swimmers or even 
boats, pulling them down into the 
depths.
Once it was believed that a water 
vortex always turned in the same 
direction as dictated by the rotation 
of Earth and the Coriolis force. 
However, today we know that small 
vortices like those in your bottle or in 
a bath tub are too small to be 
affected by these forces. Their 
direction of rotation is basically 
random. There are other factors 
influencing the direction of vortices, 
e.g. small bumps in the drain pipes.

Every water vortex on Earth is 
affected by the Coriolis force. It acts 
on objects (like a vortex) in a rotating 
environment (including the Earth, as 
it spins on its axis). If the Coriolis 
force acted on a water vortex 
without any additional effects, the 
vortex would always turn in the 
same direction, namely 
counterclockwise on the northern 
hemisphere and clockwise on the 
southern hemisphere. On the 
equator, both directions of rotation 
would be possible.
As you have seen in the preceding 
experiments, both-directions are 
possible. This is because the Coriolis 
force is rather weak. You would need 
optimum conditions to be able to 
observe its effects undistorted by 
any additional influences.

every time.



BAY । 4 CONNECTED CONTAINERS IM
El J

Experiment 2

Experiment 1

First, suck in some water by drawing 
back the plunger.

O DURATION:

O approx. 10 minutes

additionally required
• a glass
• a bottle
• water

Communicating vessels
For this experiment, you need a glass full of 
water and the syringe. Attach the hose to 
the tip of the syringe. Push the plunger in 
completely before you dip the hose into 
the water. Slowly draw the plunger back 
and remove it completely from the syringe. 
You can now see that the water flows into 
the barrel. Depending on how high or low 
you hold the syringe, the water level 
changes: it will always remain on the same 
height as the water level in the glass.

When two vessels are connected by a 
hose, the fluid levels inside them are 
always equal.

Water transfer
In order to transfer water, you again need 
the syringe with the hose, an empty glass 
and a bottle of water. Put the loose end of 
the hose into the full bottle. Draw back the 
plunger of the syringe so that water flows 
to the barrel.



C0MMUMUA1INU vtaatLd

Remove now the plunger from the syringe 
and watch the water run all by itself from 
the bottle through the hose and into the 
glass. It even flows better when you 
remove the syringe from the hose.

Keep^ NOTE

Because of the vacuum, the 
water stays inside the syringe 
although it is open at the 
bottom.

as yo^f6 and hose 
°n for seve ।' need them later

'other experiments.

Experiment 3
Transporting water under pressure
Draw back the plunger to suck a little 
water from the cup into the barrel of the 
syringe. The vacuum within the syringe 
holds the water in the barrel. Even if the 
nozzle is open at the bottom, the water 
will not leak out. It only splashes out of 
the syringe when you press down the 
plunger.

When two or more open containers 
are connected, they are called 
"communicating vessels." If you pour 
in liquid, its level will be equal in all 
the vessels independent of their 
respective shape. Even if the 
containers are placed on different 
heights, the levels of the liquid 
will still adjust between them. Water 
pipelines work on this principle. This 
is because gravity and air pressure are 
constant.
The concept of communicating 
vessels is used for water level 
indicators. For example, if you 
connect a thin vertical glass tube to a 
big tank, the fluid level in the two 
vessels will be the same.



Preparation
Today, you will build an Ames room (An 
Ames room is a distorted room that creates 
an optical illusion).. To do so, cut out the 
two parts of the room from today's box. 
Cut out the large shaded area in the top 
side of the room and the white peephole in 
one of the narrow side walls. Fold the parts 
along the folding lines. Coat the white 
bonding surfaces with a little glue and stick 
the two parts of the room together as 
shown. Use very little glue so that the 
interior of the room remains unsoiled. 
Make sure that you also firmly press 
together the bonding surfaces with your 
fingers from the inside so that the structure 
cannot bend. As the Ames room is 
distorted, it is not easy to assemble. If you 
run into problems, ask your elder siblings 
or your parents for help.

DURMION

approx. 10 minutes

MOniONMlYREOUlWO

• scissors
• glue
.two small objects

of equal size

Experiment 1
From the outside you can see that the 
Ames room is a distorted structure. But 
what does it look like when seen through 
the peephole? Try it yourself. You will 
realize that from this perspective, it looks 
like a perfectly normal room!

STOP!
Don't throw away the box after opening 
the first door! There is a little surprise for 
you: The backs of all the boxes in this 
advent calendar form the board of a 
little science game. Each day, fold the 
open box and put it back upside down. 
This way, your advent calendar becomes 
a game board day by day. You will also 
need the contents of some of the boxes 

for the game. This is indicated on the 
pages for the respective days in this 
manual. Pay attention to these notes! 
The rules of the game are printed on the 
final page of the manual.



A MATTER OF PERSPECTIVE

r
 experiment 2
Take two objects of similar size from your toy 
collect e.g. two dice or two game pieces.
Place one of them in the left rear corner of the 
Ames m m and the other one in the right rear 
corner. Look through the peephole.
As the objects are at different distances 
from your eye, their apparent size also differs. 
However, due to the layout of the room it 
seems us if they stand next to each other and 
that one of them had suddenly become bigger.

An Ames room is a prime example of 
an optical illusion.
Our brain memorizes everyday 
experiences. For this reason, we 
assume that rooms and windows 
have right angles. The Ames room 
plays on this fact. Virtually 
everything in this room is askew. 
One of the rear corners is much 
farther away than the other one. 
Also, the ceiling is twice as high in 
one of the corners.
For a perfect optical illusion, the 
furniture has to be adjusted as well. 
For this reason, the pieces of 
furniture in the part of the room 
with a high ceiling are illustrated 
bigger than those in the front part. 
The illustrated bigger pattern of the 
floor is also distorted.
The secret of the Ames room is in 
the perspective. When you look 
through the peephole, everything 
seems the way you are familiar with 
from an ordinary room. Hence your 
brain assumes that this also is a 
regular room with the corners at 
right angles and a straight ceiling.

Apparent size 
of the room

Apparent 
position of 
object A

Actual and 
apparent 
position of 
object B

\mes roomfthe two equally-sized 
>jects seem to be of different size.

When yo^piace the two objects 
slde^Vside, you can see that 

— ^hey are of equal size.

Actual position 
of object A

When you place two objects in the 
room it looks as if they were the 
same distance away but of different 
size. Depending on where they are, 
they seem to be shrunk, normal size 
or grown.
When you change the perspective, 
you realize the optical tricks used in 
the Ames room.

peephole
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6 SURFACE TENSION

^0*’"
Experiment 1 .

a
DURATION:

approx. 10 minutes

k tower of water drops
For this experiment, you need a small plate. 
Place a toy brick in the middle and lay a coin 
on top.
Now fill the dropper with water. A dropper is 
closely related to a syringe. It also retains 
liquids through vacuum. This vacuum is 
produced by squeezing the back end of the 
dropper before dipping the tip into the water. 
When the tip is submerged, you release the 
pressure on the rear end so that the water 
can flow in.

A dropper retains liquids through 
vacuum.

Now use the filled dropper to place a drop 
of water on the coin. As you can see, the 
drop does not immediately dissolve and 
spill all over the area of the coin but keeps 
its shape. When you add more water, drop 
by drop, the drop on the coin gets bigger 
and bigger. You have to add many drops 
until it reaches the rim of the coin. If you 
continue to add water, it will not only get 
higher but also grow beyond the rim. This is 
due to surface tension. It allows the drop to 
reach a diameter that is larger by 1 millime­
ter than that of the coin. The height of the 
drop can grow up to double the thickness of 
the coin. When the amount of water has 
become too high to be held back by surface 
tension, the water will spill over on on to 
the plate.
You can play this experiment also as a game 
with friends. The player whose tower first 
starts to spill over has lost.

ADDITIONALLY REQUIRED:

• water
• a plate
• a small toy brick
• a coin
• dishwashing liquid

The water tower can 
become twice as high as 
the coin and even grow 
beyond its rim.
____________  I



Experiment 2

Reducing the surface tension
Have another go at the coin game, but 
this time use water with a few drops of 
dishwashing liquid in it. This liquid 
dramatically reduces the surface tension 
of the water. While you can still erect a 
water towe., it will be rather small. The 
water will soon start to spill over.

' surfaced I9'05 a dishwashing 
water so “startsT" '« reduced S°that 

— starts to spill over.

SURFACE TENSION

Within the water, adhesive forces act 
in all directions between the water 
molecules and cancel out each other. 
However, this does not apply to the 
surface because there are no forces 
acting upward. The forces only act 
downward. Due to the forces between 
them, the molecules at the surface 
form a sort of membrane with a 
surprisingly high stability. Its surface 
tension has such a high load-bearing 
capacity that small insects, like the 
water strider, can even walk on the 
water.

Thanks to the high surface tension, small 
insects like this water strider can walk on 
the water.

Water tends to spread with the 
smallest possible surface area to 
reduce the surface tension to the 
required minimum. This is also the 
reason for the spherical shape of 
raindrops.

water

Surface tension

This figure shows the forces acting on 
water molecules on the surface and 
within the liquid.

The concept of surface tension can be 
observed in any liquid. Their 
load-bearing capacity is determined 
by their composition. It is specified in 
a unit called millinewton per meter 
(mN/m). Some values of surface 
tension are 73 mN/m for water, 15-40 
mN/m for organic liquids and 435 
mN/m for mercury.



THE MAGNIFIER

The magnifier lets you clearly see the 
individual dots or pixels that make up a TV 
picture.

The magnifier allows you to display 
the small light of a flashlight as a 
large image on the wall.

Experiment 1
Details of a TV picture
A TV picture is composed of many dots 
shining in the primary colors red, yellow 
and blue. Hold the magnifier against the 
TV set while it is switched on. Now you can 
see the individual dots, which are called 
pixels.

Experiment 2
A different use of the magnification effect 
Hold the magnifier in front of a flashlight 
and direct the ray of light to a white wall. 
You can now use the magnifier to throw a 
very large image of the ray of light—or the 
individual LEDs of the flashlight as in the 
picture below—on the wall. To focus the 
image on the wall, change the distance 
between the 
magnifier and the flashlight.

additionally required.
TV set
a flashlight

• a glass of water (plain glass)
• a book

DURATION.

approx. 10 minutes

Experiment 3
Build your own magnifier
To build your own magnifier, you only havf 
to fill a clear glass with water. If you put <i 
book behind the glass, you can clearly see 
the magnification effect.

A glass of tap water acts as a 
simple magnifier.
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MAGNIFYING LENSES

Fv"eriment 4
^Changing the distance

Place tl agnifier on a book page and 
slowly move it away from the page. First, 
the letter become larger and larger. Then 
there is a zone where one can't see any­
thing thro*’gh the magnifier as the image 

Uis out ot rocus. If you continue to move the 
magnifier away, the image is in focus again 
but no^ is upside down.

stance above the page, the 
magnifier enlarges the letters.

greater distance from the object of 
i fl. est* e-8- this mountain, the picture 

’Pped vertically and horizontally.

The ancient Egyptians already knew 
that a drop of water had a magnifying 
effect. The Romans also studied this 
phenomenon. The magnifying glass 
was invented in the 11th century by 
the Arab mathematician Abu Ali 
al-Hasan ibn al-Haitham also known as 
Alhazen. His magnifier came in the 
form of a glass hemisphere.
In the Middle Ages, monks discovered 
Alhazen's records. They introduced the 
"reading stones," as these precursors 
of the magnifying glass were called, to 
Europe. At that time, book printing 
was not available, and hence all books 
had to be copied by hand. This was the 
task of the monks. As the eyesight of 
these scribes dwindled, they used the 
reading stones as a visual aid.
The reading stones were continually 
improved. In the course of time, they 
were developed into magnifiers, 

How a magnifier 
works?

parallel light beams

focal point (here all 
the beams are 
concentrated in 
one point)

lenses, microscopes, telescopes, 
cameras, spectacles etc.
A magnifier consists of a collective lens 
with both sides bulging outward; this 
shape is called biconvex. As it allows 
you to see objects much larger than 
with the naked eye, it is also called a 
magnification lens. However, the 
magnification effect only works while 
the magnifier is not too far from the 
object of interest. Only then will the 
image be in focus. The respective 
range is called the focal length of the 
lens. When the lens is too far away, the 
picture is inverted horizontally and 
vertically.

besser sehen kann.
Cr0Bniutter. was hast du fcr g, 
ich dich besser packen kann.

^..iter. du hast aber heute einen 
* ” kann.



DAY OPTICAL ILLUSIONS
Look at each of the six illusion cards and 
describe exactly what you see. Put them 
aside and look at them again later. 
Chances are that you will now see 
different things than before.

DURATION:

approx. 10 minutes

ADDITIONALLY REQUIRED:

• nothing!

What do you see in the above picture? 
Obviously a tree! Close your eyes for a ; 
while and have another look, this time 
concentrating on the trunk. Now you v i 
see the faces of two people looking at e 
other.

In this picture, the squares in the middle 
seem to be bigger and also bulge out like 
a sphere. Furthermore, the whole picture 
looks somewhat askew and wavy. 
The reason is the small dots within the 
black and white squares. They are what 
confuses our eyes and our brain. In reality, 
all the squares are of the same size and all 
the horizontal and vertical lines are 
parallel to each other as you can easily 
check with a ruler.

When you look at the blue dots in the 
middle of the small circle on the left and 
the big one on the right, you get the 
impression that the left dot is significantly 
larger than the right one. However, they 
are actually of equal size, which you can 
check by measuring with a ruler. When 
you cover the two outer circles, the 
illusion will vanish and you can clearly see 
that the two dots are of equal size.
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