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 For scientists and politi-
cians, stopping climate change is one 
of the most important challenges of 
the 21st century. “Today, politicians 
particularly want to know how much 
CO

2
 their countries can emit”, said Dr 

Nina Keul. To provide answers – and 
to be able to cry “stop!” in time – she 
investigates core samples from the oce-
an depths. 
This is because CO

2
 (or carbon dio-

xide), the most famous greenhouse 
gas responsible for climate change, is 
soluble in water. If the concentration of 
this gas in the atmosphere rises, then 
the level of carbon dioxide (also known 
as carbonic acid) in the ocean also 
rises due to exchange processes. “In 
the last 800,000 years, the level of this 
gas in seawater has ranged be tween 
180 and 280 parts per million. Today it 
is already at 400”, explained Dr Keul. 
And more carbon dioxide in the water 
means an increase in acidity (or pH 
level).
In order to demonstrate how sig-
nificantly the temperature and carbon 

dioxide levels have changed over the 
millennia, the biologist makes use of 
creatures only a few millimetres in 
size: wing snails. These have existed 
in all the oceans on earth for many 
thousands of years. And because their 
shells – like other snails – consist mainly 
of chalk (calcium carbonate), they are 
very vulnerable to acidification of the 
oceans. Under an electron microscope, 
Keul examines the surfaces of anci-
ent snail shells. Most recently, these 
were collected from nets used in a 
research expedition in the Labrador 
Sea be tween Greenland and Canada. 
“If the snail shells have a smooth sur-
face, this is an indicator of a low satu-
ration of the water with carbon dioxide 
during the creature’s lifetime. Today, it 
looks completely different: the current 
samples show clear signs of disintegra-
tion, and they don’t look smooth under 
the microscope, but a bit like cauli-
flowers”, she explained. By conducting 
chemical analysis of the composition of 
the shells, the post-doctoral research-
er aims to establish correlations with 

water temperatures. Then, by using 
measurements taken from fossilised 
wing snails, she can draw conclusions 
on the historical water temperatures. 
Through this painstaking work, she 
hopes to improve the historical climate 
and temperature reconstructions for 
specific regions. In 2015, she was awar-
ded a scholarship by the Mercedes-
Benz Foundation for her research. 

Dr Keul carries out her research as 
part of the paleooceanography working 
group at the Institute of Geosciences. A 
team of scientists from different disci-
plines – ranging from physics to climate 
science right through to fisheries bio-
l ogy – is striving to improve the scien-
tific methods applied world-wide. This 
is because to date, such investigations 
have mainly been carried out using so-
called “foraminifera”, which are single-
cell organisms with a similar shell to 
the snails. These are more common, 
and therefore easier to investigate. The 
use of wing snails as climate indicators 
has been able to support the previous 
assumptions in certain regions, and to 
make them more precise. 
In contrast with foraminifera, which 
only survive for a few months, wing 
snails can live for up to a year. There-
fore, they can also enable conclusions 
on seasonal temperature variations. 

“We are trying to also bring other uni-
versities and research institutes on 
board with our research, and thus be 
able to draw conclusions on all geo-
graphic regions.” 
The global approach of the team is 
important, because the saturation with 
CO2

 is not the same in all regions of the 
ocean, due to physical effects: cold regi-
ons are noticeably more acidic. This 
also means that the ocean floor, flora 
and fauna will react very differently to 
the steadily-increasing levels of carbon 
dioxide. “In order to obtain the most 
precise results possible, we want to 
establish wing snails as an uniform 

global indicator for climate change.” 
So that politicians will maybe someday 
be compelled by scientific facts to halt 
climate change. Sebastian Maas
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The influence of a high acidity: on the left, a pteropods shell is seen in an advanced stage 
of dissolution. On the right is a healthy shell.                                                   Photo: Nina Keul

 Approximately every ten 
years, a new generation of mobile 
phone technology arrives on the mar-
ket. It all started with the analogue A, 
B and C networks, the first generation 
and therefore collectively known as 
1G. This was followed by the digital 
GSM Standard (2G), UMTS (3G) and 
the current state-of-the-art LTE (4G). 
However, experts have already been 
working on project 5G for a long time. In 
Germany, significant efforts have been 
made under the auspices of the priority 
programme “Drahtlose Ultrahochge-
schwindigkeitskommunikation für den 
mobilen Internetzugriff (Wireless Ultra 
High Data Rate Communication for 
Mobile Internet Access)” funded by the 
German Research Foundation. 
Like many other universities in the 
country, the Faculty of Engineering 
at Kiel University is also working on 
the project, which started in 2013 
and is planned to run for six years. 
According to Professor Peter A. Höher 
and his employee Niklas Doose, from 
the working group Information and 
Coding Theory, everything is organised 
based on the division of labour: “Each 
 sub-project focusses on different key 
areas, but of course we exchange ideas 
and information on areas that overlap.”

The topic of antennae, which the 
scientists in Kiel are researching, is 
decisively important for an even faster 
mobile internet. Especially as it’s not 
just a slight increase in speed, but a 
giant leap. Transmission rates of up 
to 100 Gigabits per second are being 
discussed – which is easily a hundred 

times the performance of the best 
 currently available and affordable 
smartphones.
The antennae technology was initially 
investigated from two different angles 
in Kiel. Professor Dirk Manteuffel, 
who has since moved to Hannover, 
focussed on the hardware. The core 
idea was and remains the principle of 
an antenna array. Many antennae are 
distributed in an area, so that they can 

 simultaneously send and receive more 
and different signals. 
This becomes tricky when it has to take 
place in as small a space as possible. 
“Of course, a smartphone can’t look 
like a hedgehog”, joked Peter Höher. 
Therefore, work is being carried out 
on further developing the technology 
that is already being used in these 
devices for reception. The difference 
is that instead of the current system 

where individual antennae are placed 
on the circuit board, the entire circuit 
board functions as a transmitter, and is 
transformed into an antenna array by 
mathematical processing.
While work on this already advanced 
process is now continuing in Hannover, 
Kiel is tackling an important related 
problem. If many signals are underway 
at the same time and on the same fre-
quency, it can result in a chaotic mix-

ture of waves. The individual signals 
no longer remember which antenna 
they’re supposed to go to. This problem 
can be solved by coding, the speciality 
of Professor Höher. 
According to Höher, signals which con-
tain information in the form of bits, 
and thereby comprise sequences of 
the characters 0 and 1, inevitably get 
mixed on the way to their goals. There-
fore, they must be individualised with 
additional parity bits (check bits) and a 
checksum, so that they can be uniquely 
identified and not confused with each 
other. To explain further, the scientist 
quoted an example: “Like with the 
IBAN, it is calculated based on the 
contents of the individual messages. 
If the checksum doesn’t match due to 
an incorrect input, one is requested to 
repeat the process.” 
The coding has decisive advantages. 
Firstly, Höher is “fully convinced that 
an antenna array system will not work 
without coding”. And secondly, it is a 
purely software-based process, which 
means that in future, smartphones and 
other computers can be updated to the 
latest standard, and not quickly become 
electronic scrap. In particular, the Kiel 
approach has another advantage over 
many other sub-projects: they are 
work ing in a similar frequency  range 
to the current mobile technology – 
instead of ten times the frequency – so 
the signals can much more easily travel 
through walls.
Why the internet of the future – which 
should already be a reality by 2020 – is 
being talked about as “Massive MIMO”, 
can be explained by another special 
feature. Due to the high-performance 
but also highly-complex reception 
technology, the majority of the hard-
ware and software will soon be hidden 
in the respective access point, i.e. in 
a Fritzbox or other router. Thereby, 
smartphones or notebooks can remain 
as they are: cheap, small, elegant and 
energy-saving. Martin Geist

Dr Nina Keul from the Institute of Geosciences looks for clues about 
 climate history in samples from the ocean floor. Her most important 
 evidence: the shells of tiny wing snails. They have much to tell us.   

Ingenious antennae technology is a key to wireless internet access of the 
future. The Faculty of Engineering at Kiel University leads the way.

It all comes down to the antennae 

20,000 years under the sea

Nina Keul is developing new methods to concretize assumptions about climate change. 
                                                                                                                                           Photo: Mohr

Those who would like to see for themselves 
the effect that acidic seawater has on the 
shells of wing snails can easily simulate 
this at home. You just need a bit of eggshell 
and a small bowl of vinegar. Like the snail 
shells, eggshells consist of chalk, and are 
“eaten up” by the very acidic vinegar in a few 
minutes. sma

Experiment with chalk and acid

“Like with the IBAN, it is 
 calculated based on the contents 
of the  individual messages. If the 

 checksum doesn‘t match due to an 
incorrect input, one is requested to 

repeat the process.”


