
Vacuum 
What use is nothing? 
In 1654, the members of the Imperial Diet of Regensburg wit-
nessed a spectacular demonstration: 16 horses attempt to pull a 
large copper sphere apart. But try as they might, they cannot pry 
the two halves apart. A child walks towards the sphere and 
suddenly the two halves part. With this experiment, Otto von 
Guericke, the mayor of Magdeburg, successfully demonstrated 
the results of his research on vacuums to the Emperor.  

Using modern reproductions of the Magdeburg hemispheres, 
you can re-enact the experiment. If you use the right technique, 
you might be able to pull them apart… 

What is a vacuum? 
The Latin word “vacus” means “empty”. If we drink all the 
water in a glass, we usually refer to it as being empty. However, 
in reality it isn’t: Air now occupies the space in which the water 
was. Air is made up of many tiny gas molecules (mostly nitrogen 
and oxygen) that are constantly moving around. We might not 
be able to see them, but we can feel them on our skin, for 
example as wind. Usually we don’t notice the air around us, as 
we are used to it being there.  
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We use the same principle for vacuum-
packed food. The air pressure surround-
ing the storage jar keeps it airtight. Otto 
von Guericke invented the air pump and 
was able to carry out lots of experiments 
in vacuums. 

To produce a vacuum there have to 
be less gas molecules inside a con-
tainer than on the outside.  

A perfect vacuum would be a container 
in which there are no gas molecules 
whatsoever. But for technical reasons, 
this is impossible.  

What does vacuum have to 
do with weightlessness? 
How do things fall in a vacuum? Let’s 
carry out an experiment: In a glass tube 
we have a feather and a piece of metal. 
The feather falls more slowly as the air 
molecules slow it down. What will hap-
pen in a vacuum? 

And just so you know: Coffee powder 
would not float about in its packaging, 
even if there were enough room. 

 

A balloon in a vacuum 
We will put an inflated balloon under a 
bell jar. The air molecules inside the 
balloon bounce against the elastic mem-
brane, as do the air molecules surround-
ing the balloon. The balloon’s shape 
remains stable. What will happen when 
we evacuate the bell jar – that is, when 
we remove almost all the air molecules 
within it? 

 

What would happen to a marshmallow in 
a vacuum? 

Boiled eggs on the “Roof of 
the World 
Water is also made up of molecules (H2O) 
that move around quickly when they are 
liquid. Usually, only a very small amount 
of water evaporates, as air molecules 
“stop” water molecules from leaving the 
liquid. (A) 

  

 
Because air molecules move around quickly, they fill any space in which they are present. 
Putting the two Magdeburg hemispheres together doesn’t really change anything: mole-
cules of air bounce off the inside and the outside of the hemispheres. This means the air 
pressure is the same on each side. 
 

 
 
Pumping the air out of the hemispheres and sealing them means that only the air mole-
cules on the outside bounce against the halves, pressing them together. This pressure is so 
great that it is very hard to pull the halves apart.  
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Heating up a liquid means its molecules 
move faster. Their kinetic energy increas-
es. More water molecules are able to 
leave the liquid, as the gas molecules are 
unable to exert enough pressure to 
“stop” them. At 100°C water begins to 
boil. (B) 

High up in the mountains, for example 
on Mt. Everest, air pressure decreases. As 
there are less air molecules to stop the 
water molecules from leaving the liquid, 
water boils below 100°C. (C) 

You would have to do without a hard-
boiled egg on Mt. Everest, as the boiling 
water is too cold! 

Try this experiment under a bell jar- you 
might bring water to the boil at room 
temperature! 

Noise in space? 
The previous experiments have shown 
you that light travels through vacuums: 
You can still see our experiments, despite 
the absence of air. What about sound? 
Could you hear rocket engines in space? 
Try and find out with our electric bell 
under the bell jar! 

Uses for vacuums 
Vacuums are used in many inventions. 
See if you can identify some in your day-
to-day life and explain how they work! 

Here are a few examples: 

     

  

  

 
 

 
 

 

Otto von Guericke’s experiment before the Imperial Diet and Emperor Ferdinand III in 
Regensburg in 1654 (from a contemporary account) 
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DLR at a glance 
DLR is the national aeronautics and space 
research centre of the Federal Republic of 
Germany. Its extensive research and 
development work in aeronautics, space, 
energy, transport, digitalisation and 
security is integrated into national and 
international cooperative ventures. In 
addition to its own research, as Germa-
ny’s space agency, DLR has been given 
responsibility by the federal government 
for the planning and implementation of 
the German space programme. DLR is 
also the umbrella organisation for the 
nation’s largest project management 
agency. 

DLR has approximately 8000 employees 
at 20 locations in Germany: Cologne 
(headquarters), Augsburg, Berlin, Bonn, 
Braunschweig, Bremen, Bremerhaven, 
Dresden, Goettingen, Hamburg, Jena, 
Juelich, Lampoldshausen, Neustrelitz, 
Oberpfaffenhofen, Oldenburg, Stade, 
Stuttgart, Trauen, and Weilheim. DLR 
also has offices in Brussels, Paris, Tokyo 
and Washington D.C. 

DLR Cologne 
Aviation, space travel, transportation, 
energy and safety are the research areas 
pursued in the nine research facilities at 
DLR Cologne. The basis of the research 
and development carried out on site are 
the large testing facilities such as wind 
tunnels, turbine and materials test 
benches and a high-flux density solar 
furnace. The 55 hectare/ 136 acre site is 
home not only to the research and ad-
ministrative facilities of the DLR, but also 
to the European Space Agency’s (ESA) 
European Astronaut Centre (EAC). The 
DLR has around 1400 employees in 
Cologne. 
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About the experiment: 

Recommended for grade(s):  4 to 9 
Group size: 5 to 6 
Duration: 50 minutes 
Subject matter: 

Physics 


	Vacuum
	What use is nothing?
	What is a vacuum?
	What does vacuum have to do with weightlessness?
	A balloon in a vacuum
	Boiled eggs on the “Roof of the World
	Noise in space?
	Uses for vacuums
	DLR at a glance
	DLR Cologne



