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Observation lies at the heart of all scientific research, and
our methods of observation are becoming increasingly
sophisticated. A shiny black ‘creature’ wearing a blue
skirt, Galatea, a robot ray developed by a team of aerospace
engineering students, searches the sea bed for potential
troublemakers like cyanobacteria and terrorist bombs.
This could render robot ray a useful ally in port security
operations. A decade has passed since the Port Authority
of Rotterdam and TU Delft began collaborating in the
Port Research Centre Rotterdam-Delft. At the time, the
co-chairman of the project’s programme council observed
that TU Delft was a rather ‘tunnel-visioned’ organisation,
but since then this partnership has become more
professional, with future research programmes set to
focus on energy and sustainability. The port as a test bed.
The living cell, meanwhile, is a garden that remains
relatively uncultivated and in which observation is a
comparatively recent activity. Physicist Nynke Dekker is
developing technologies that will help us understand
how biological molecules work. These hi-tech gadgets
include magnetic nano tweezers, which Dekker hopes
will be ready for use this summer. In years to come, the
observations made possible by her fundamental research
could contribute to the development of improved cancer
growth inhibitors. Observations from space by the Goce
space probe will help map the Earth’s gravity structure,
thus providing fresh impetus to discussions on climate
change, as we gain a better understanding of what exactly
is occurring in our oceans. Observation teaches us to take
a different look at the world around us. I wish you a wealth
of fascinating observations during the summer holidays.

FRANK NUIJENS
Interim Editor-in-Chief
Delft Outlook
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Architecture in a greenhouse
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The TU Delft’s former main administration

building along the Julianalaan with its extension.

BK CiTy: THE MAKING OF THE FUTURE. That
was the title of a symposium on rehousing
Bouwkunde held on Wednesday, May
13th, exactly one year after the fire that
destroyed ‘Bouwkunde’, the Architecture
faculty building. The winning plans of
the competition, Building for Bouwkunde,
were presented with ideas ranging from
an enormous greenhouse, a mall in Me-
kelpark, and an extension to the existing
Julianalaan building, serving as a source
of inspiration for the new accommoda-
tion. The same day saw the presentation
of the results of a think tank. What the
faculty building will eventually look like,
and where it will be located, remains to

be seen. “These ideas and the think tank
conclusions serve as the foundation blocks
for the next stage,” says Agnes Wijers, the
competition supervisor.

The best ideas to replace the destroyed
Bouwkunde building come from architects in
Rotterdam, Amsterdam and Paris. They were
selected from 466 entries from 50 countries.

For his design, a World without Objects, award-
winning Rotterdam architect Gijs Raggers was
inspired by the famous post-war Rotterdam
shopping mall, the Lijnbaan, created by the
architect who also designed the original
Bouwkunde building, J.H. van den Broek.
Raggers superimposed the Lijnbaan, a mall
measuring 500 by 5 metres, onto the Mekelpark.
Low-rise buildings lining the long street (‘lifts
can be replaced by bicycles’) offer room not only
for auditoriums, studios, and reading-rooms, but

The top floor of the greenhouse called Bouwkunde.

also for a bar, a restaurant, and sports facilities.
The only high-rise building is the library with its
24 floors.

Competition winner Laura Alvarez from
Amsterdam based her plan, Amalgam, on the
Bouwkunde faculty’s current accommodation
along the Julianalaan. Nine out of ten users are
satisfied with this building, but they don’t like its
dead-end wings and they miss the long corridor
of the original building, the architect discovered.
Alvarez designed a new extension to the existing
building that does away with the dead ends. The
wings will house studios and offices (‘improved
contact between students and staff’) that look out
onto large courtyards. Auditoriums, exhibition
rooms, a bookshop, and a restaurant are located
along a corridor.

The design from the Paris-based duo Marc
Bringer and Ilham Laraqui, Green-house Culture,
is based on a gigantic greenhouse that alludes to
the market-garden greenhouses that cover much
of the surrounding countryside. Solar energy
provides part of the heating during the winter,
and rain water is used to flush the lavatories and
water the green indoor gardens.

The Bringer and Laraqui design uses two large,
curved platforms that have been subdivided into
separate islands with park-like areas. The second
floor houses studios, offices, and meeting rooms.
The ground floor with its auditoriums invites
people to cycle or walk, which is why bicycle sheds
have been provided near the entrance.

More information

www.buildingforbouwkunde.nl
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Cover stars

It sounds like a Hollywood disaster movie,
with a section of the enormous West Antarctic
Ice Sheet collapsing into the ocean, and to
make matters even worse, causing a slight
shift of the Earth'’s axis of rotation. The rising
sea levels resulting from all this will hit the
U.S. the hardest.

This is the scenario that TU Delft researchers outlined in
the 15 May edition of Science. Their research results were
featured on the magazine's cover.

The West Antarctic Ice Sheet has been a source of worry
to climatologists for decades. If the glaciers that float
off the continent were to drift away, a section of the
adjoining ice mass could end up in the sea.

The effect of such an enormous mass of ice shifting
would be a five to sic metre rise in global sea levels. Or
at least that was the established opinion for decades.
Researchers Dr Bert Vermeersen and Dr Riccardo Riva

of the Delft Institute of Earth Observation and Space
Systems, together with their colleagues at Bristol
University, mapped the ice masses that pose a threat;
their calculations reveal that the average sea level

rise would be ‘only’ 3.3 metres. They also predict large
regional variations, which will occur because the Earth’s
gravity field isn’t uniformly distributed, and because of
a slight shift in the rotational axis of the planet when
part of the Arctic ice disappears into the sea. Bearing the
brunt of the assault will be North America, where the sea

will rise to a quarter above the average. Along the Dutch

coast, the melting ice
will cause sea levels to
rise by an average value
of 3.3 metres.
Vermeersen expects
even more accurate forecasts in the near future. His
hopes are pinned on the recently launched ESA satellite,
Goce (Gravity field and steady-state Ocean Circulation
Explorer), which will soon be helping to map the Earth'’s
gravity fields with unprecedented accuracy.

In June, researchers at the Kavli Institute of Nanoscience
could also bask in the glory of a cover publication in the
prestigious journal, Nature Nanotechnology. The article’s
main author, Dr Gary Steele, and the team of Prof. Dr
Leo Kouwenhoven, were the first to capture a single
electron in a tunable carbon nanotube. The nanotube
acts as a quantum dot, because it can be considered
a‘box’ in which a controllable number of electrons can
be stored. The researchers even succeeded in using a
tunable electron to create a double quantum dot.
Jonathan L. Bamber et al., Reassessment of the Potential
Sea-Level Rise from a Collapse of the West Antarctic Ice

Sheet, Science, 15 May 2009.

More information:

Dr Bert Vermeersen, L.L.A.Vermeersen@tudelft.nl.

G.A. Steele, G. Gotz, L.P. Kouwenhoven, ‘Tunable
few-electron double quantum dots and Klein tunneling
in ultraclean carbon nanotubes’, Nature Nanotechnology,

June 2009. Dr Gary Steele, G.A.Steele@tudelft.nl.

Eco-friendly tuk-tuks

They spent a whole year fiddling with petrol
engines, injection systems and exhausts. The
student teams of TU Delft, Hanzehogeschool
Groningen, Hogeschool Arnhem/Nijmegen, and
TU Eindhoven who are competing in the Hybrid
Tuk-tuk Battle have been trying every trick in
the book to make the Indian auto rickshaws as
eco-friendly as possible at a bargain price.

The Delft team are banking on their special silencer. “The
exhaust is our main modification,” says mechanical engi-

neering student Paul Ouweham (20). “It reduces a tuk-tuk’s
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fuel consumption by fifteen to twenty percent. In two-
stroke engines a lot of fuel escapes unused through the
exhaust system. Our exhaust design creates a resonance
that pushes the fuel back into the cylinder.” The gleaming
pipe costs just under 18 euros. According to Ouweham, an
Indian tuk-tuk driver should be able to recoup the cost of
the investment in 26 days thanks to lower fuel costs.

Most of the other vehicles are less thirsty. The tuk-tuk
entered by Hogeschool Arnhem/Nijmegen, for example,
which runs equally well on LPG and on bio-ethanol, and
uses only half the fuel of its Indian cousins. On the other
hand it takes about seven months to recover the cost of
the engine modification, roughly 250 to 300 euros.

In July the teams will go to India to compete against
each other and against three Indian student teams.
Their task will be to convince a panel that they have a
business case with their eco-friendly modifications. The
Enviu Foundation, which organises the event, intends to

market the winning system in India.

More information:

www.enviu.org
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Funky flip-flops

They will be available in a shop near you very soon.
They're called Plakkies, and they are brightly coloured
flip-flops made from old car tyres in a factory in Durban,
South Africa. Students Arnoud Rozendaal (Aerospace
Engineering) and Michel Boerrigter (Industrial Design)
launched the project to create jobs for the underprivi-

leged inhabitants of the slums. And to sell more funky

flip-flops, of course.

A kick up
the backside

With the launch of ESA’s Herschel space telescope last
May an important piece of Delft engineering was sent
up into space. The European probe investigates the
dust clouds that permeate the universe using a sensor
developed by the Kavli Institute of Nanoscience in Delft,
among other equipment. “The sensor lets the telescope
detect radiation particles in the deep infrared range,”
says research supervisor Professor Dr Teun Klapwijk.
“This enables the telescope to tell which materials are
out there in space. Since star dust forms the basis for
the creation of stars and planets, it is a research project
of majorimportance.” The sensor, which consists of
two ‘barriers’ only two nanometres thick between
two superconducting materials, makes good use of a
quantum-mechanical phenomenon known as tunnelling.
“Normally, electrons cannot pass through the barrier,”
Klapwijk explains, “but when a radiation particle from
space hits the sensor, it is detected because an electron
is suddenly allowed to pass through the barrier. The
electron in the superconductor receives a kick up the
backside, so to speak.” The Atacama Large Millimeter
Array, a super telescope currently being constructed
in Chile and scheduled for completion in 2012, will also

feature the Delft superconducting tunnel junctions.

More information:

Professor Dr Teun Klapwijk, T.M.Klapwijk@tudelft.nl.
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True hue

The art world was in turmoil last year when
material scientists of TU Delft and Antwerp
University used an x-ray technique to show
that Vincent van Gogh’s canvas ‘Patch of
grass’ was hiding a painting of a woman’s
face. However, what the colours were that
Van Gogh had used to portray the woman
remained a matter of conjecture.

Material scientists are now trying to fill

the hiatus by using a completely different
technique, photo-acoustic spectroscopy.
This summer, DelftChemTech (faculty of
Applied Physics) will be starting research
into this technique, which uses rays of light
to induce vibrations in the canvas. Sensitive
microphones will then pick up these
vibrations to help reveal the hidden colours.
Last year the painting was scanned with

an x-ray beam produced by a synchrotron

PHOTO-ACOUSTIC SPECTROSCOPY
PISCOVERS HIPPEN OLP MASTERS

radiation source. This technique reveals the
chemical composition of the hidden pigments.
“But even so, undetectable trace elements in
the pigments can cause enormous variations
in the colours,” says materials scientist and art
historian Dr Joris Dik, who became famous

when he discovered Van Gogh’s face of a woman.

Using simple experiments, his colleagues
at DelftChemTech, Professor Dr Andreas
Schmidt-Ott and one of his students, Dana

Zeelenberg, managed to demonstrate that
colours can be accurately deduced using
photo-acoustic spectroscopy.

The two scientists directed a laser beam
through a sheet of paper with two coats of
green paint, and a second laser beam through
asheet with some red paint and some green
paint. Microphones picked up the acoustic
signals produced as a result of the heat waves
in the paint. The two signals were definitely
different.

“Using an advanced set-up, with the laser
beam’s pulse frequency and the wavelength
of the light freely adjustable, it should be
possible to detect all the colours in a real
painting,” says Schmidt-Ott. “The thing
is, our only output consists of sound. The
correct interpretation of those noises will
take some advanced mathematics. It will be

”

some years before we will see the first results.

More information:
Prof. Dr Andreas Schmidt-Ott, A.Schmidt-Ott@tudelft.nl;
Dr Joris Dik, J.Dik@tudelft.nl.

Just feel that DNA pull

In a recent article in Nature Physics,
researchers at the department of Molecular
Biophysics (faculty of Applied Physics)
described a force which until recently
remained shrouded in mystery and which
makes DNa difficult to pull though nano
holes. Thanks to the discovery they are now
able to reconstruct the structures of pieces of
genetic material with greater accuracy.

The scientists are investigating DNA by
pulling pieces of the genetic material
through a small hole with a diameter ranging
from ten to one hundred nanometres that
has a small voltage applied to it. The resulting
electrical field exerts a force on the negatively
charged DNA molecule. The measure of this
electrostatic force reveals a lot about the
structure of the DNA to biophysicists.

However, electrostatic forces alone cannot
explain the resistance the DNA encounters.
This was noticed for the first time as early

as 2006. Lemay worked on a theoretical
explanation of the phenomenon. “The
negatively charged DNA attracts positive ions
from the surrounding liquid, causing it to
become surrounded by a cloud of anti-ions.”

This neutralises the charge. However, when
the strand of DNA passes into the hole, the
electrical field pulls the DNA strand one way
(butitis held in place) while the positive ions
are pulled in the other direction.

“For our research we have developed a unique
test set-up that enables us to exert forces
locally on any spot along DNA and RNA
molecules we like to pick,” says co-author
Professor Dr Cees Dekker. “This lets us
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Praise for RID

In May the Reactor Institute Delft (RID) received major
recognition from the International Atomic Energy
Agency (IAEA). For the next four years, the Institute can
call itself an IAEA Collaborating Centre, an honour that
has been bestowed on only fourteen nuclear physics
institutes worldwide that maintain their own research
reactors. The Collaborating Centres supply information
on various aspects of nuclear physics to the other 260
research institute associated with IAEA which also

have research reactors of their own. Each centre has

its own specialist field. The RID provides expertise on
neutron research, and in particular research focused on
what is known as neutron activation analysis, in which
neutrons are used to look inside materials.

“This is a great stimulus for our neutron research,” says
commercial manager Rik Linssen. The recognition of
the RID comes at just the right time, now that the insti-
tute is seeking government funding to the tune of 42
million euros to acquire a better neutron source - one
that supplies cold neutrons - and to build an extension

to the research facility.

More information:

Rik Linssen, R.J.Linssen@tudelft.nl.

measure the force needed to open an RNA

molecule, which is all coiled together like a
hairpin shape”.

Serge G. Lemay et al. ‘Origin of the
electrophoretic force on DBNA in solid-state
nanopores’, Nature Physics, 29 March 2009

More information:

Professor Dr Serge Lemay, S.G.Lemay@tudelft.nl.



Robot ray the bloodhound

Searching underwater for cyanobacteria, terrorists, and mines is all in a day’s work for a robot ray

developed by a team of aerospace engineering students.

MAAIKE MULLER

“This is our creature,” says aecrospace engineering student

Alwin Wilken, pointing into a large box he has just opened.

Inside is shiny black contraption wearing a blue skirt.
Meet robot ray.

“It’s a nature-inspired underwater sensor platform,” Wilken
explains. He is one of the students who developed Galatea,
as the robot ray is also known. In the belly of this robotic
beast are various sensors that can be used for a variety of

different purposes, such as searching underwater for mines.

For robot ray’s propulsion, the designers decided to forego
the standard propeller-driven solution; instead, robot ray
moves through the water by slowly undulating the sides

of its body, which is how a real ray swims. Or, as Wilken’s
teammate Remco Jutte puts it: “It uses an undulating
movement to push water backwards, which propels it
forward.”

The prototype built by the eight-member student team has
just completed its first swimming lessons. “At first it veered
off course a bit,” Jutte says, “but by adding lead to the body
in the right places, it can now swim pretty straight.” Long
before robot ray took its first swim in the test tank at the
maritime technology faculty, the students had already
completed 18 months of intensive study and testing.

Gold
“Underwater robots are hot,” says Dick Simons, a
professor of earth observation at the Faculty of Aerospace
Engineering, explaining why, back in 2007, he and
lecturer Hans van der Marel decided to assign two groups
of students the task of designing a port patrol system.
The system was to consist of a swarm of autonomous,
unmanned submersibles, each of which would guard a
small section of a harbour and transmit information to
a buoy. On shore, the information from the buoys would
then be used to compile a picture of the entire port system.
Simons: “Individually, each robot wouldn’t be capable of
much, but in large numbers they can protect a harbour
against terrorist attack.”
One group of students designed a yellow, torpedo-like
mini-sub. “But machines like that already exist,” says
Simons, who consequently was much more interested in
the original design produced by the other team. He points
to a drawing of a rather bulky predecessor of Galatea:
“That ray can lie on the bottom to conserve energy, and
whereas a propeller would soon become entangled in
debris or vegetation, this robot simply flaps its fins twice
and is ready to swim again.”
It was a nice concept, Simons agreed: “But it was still
nothing but a study on paper, so I decided to see if I could
put together a team to build such a robot.” He put aside

2009 ZJDELFT Outlook

the idea of providing port security, as this would require a
whole swarm of robots. “Just one of them is enough to get
started,” Simons explains. “I thought I'd struck gold. And
now I really think we’re getting close.”

With its speed of only one to two metres per second,

the robot ray cannot keep up with other underwater
robots. Nonetheless, it does have a few major advantages,
according to Jutte and Wilken, who promptly show a short
film in which the Galatea glides quietly and smoothly
through the water. “This is exactly what makes it so useful
for underwater inspection work,” Wilken says. “It’s also
extremely manoeuvrable; it can rotate around its own axis
with ease.”

Empty box
These properties are among the reasons why the Dutch
navy, the Ministry of Transport, Public Works and Water
Management, and Fugro, a geotechnical surveying
company, have all expressed interest in Galatea. “The
number of applications is vast,” says Simons, who then has
no trouble spending an hour listing them. The robot ray
must be an ‘empty box’ capable of containing a variety of
sensors. “A simple camera, a sonar system, or a chemical
sensor, for example,” Simons says, ticking them off.
“Inspections that are now being done using ships loaded
full of equipment and crew may soon be done much more

‘Robot ray can rotate around its
own axis with ease’

inexpensively and efficiently with our robots.”
Using sonar sound waves, the robot ray could help the
navy locate the many mines left on the bottom of the
North Sea after the Second World War. Or the robot ray
could use its sonar to map a riverbed, which would assist
the department of water management in deciding where
to start dredging in order to keep rivers navigable. “And
the fishing industry is also interested,” Simons adds.
“Features of the sea bed can be used to deduce where
certain species of fish have their habitat.”
A robot ray equipped with a chemical sensor could help
the authorities monitor the growth of cyanobacteria in the
lakes and ponds where people swim during the summer
months. Moreover, equipped with a camera, robot ray
could inspect pipelines located 300 metres beneath the sea
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More tests and research will be conducted before the robot ray can be marketed and sold.

for companies like Fugro. “I also recently got a call from
customs, asking whether the robot ray could help them
search for the drugs that traffickers sometimes attach to
the outside of a ship’s hull,” Simons adds.

Simons is now looking for the investors needed to develop
one of Galatea’s applications within the next year. “If we
can prove that robot ray works, we can take it from there.
Putit on the market.” The students of the Galatea team are
already thinking of setting up a company to sell the robot
ray when the time comes. First, however, more research
and tests must be conducted before their first prototype
becomes a marketable product.

The shape of the ray’s hull, which is based on an aircraft’s
wing, will require little changing: wind tunnel tests have
shown the hull to be hydrodynamically correct. “We

will probably be able to control the ray using just its fins,”
Wilken says, “but to be on the safe side, we divided the rear
trailing edge into two moveable flaps, which we can also
use to control the ray during our tests.”

Watertight

The designers admit however that the next prototype

will have to be more user-friendly. Jutte: “Each time we
conduct tests, we must spend half an hour with tape and
screws to make the ray watertight enough to swim. But
even then, water sometimes gets in.” The vessel’s controls
also need some rethinking. “GPS and standard radio
communication don’t work underwater,” Simons explains.
“Other technologies exist, but we must apply the right one.”
Three of the team’s students have made the robot ray’s
propulsion method their graduation project assignment;

they are trying to improve the undulating motion of

the ray, in collaboration with Wageningen University’s
department of experimental zoology and TU Delft’s
Faculty of Aerospace Engineering’s aerodynamics group.
The robot ray’s current design features 17 ribs on each side,
with each rib capable of being individually controlled.

‘Customs asked us if robot ray
could help them search for drugs
underwater’

Simons believes there must be a simpler way: “The current
system is ideally suited for conducting research, however.”
Initially, the students were not even sure if their idea for an
artificial ray would work. To test their idea, they fashioned
a fin out of 17 metal ribs and a piece of cotton fabric. This
contraption was then suspended in a pool in the workshop,
and the ribs made to move in succession, rather like a
Mexican wave in a sports stadium. The students almost
started their own wave of joy when they saw the fin slide
along the metal suspension rack. The principle had been
validated: the fin was able to propel itself through the
water. Wilken: “That was certainly a moment for cheering.”
(see also infographic on the following pages)
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Hull structure Lead ballast Fins for direction

The shape of the hull [illlis based The lightweight hull, with its 65-litre volume, Varying the frequency or amplitude of
on an aircraft’s aileron. The wing enables the robot to carry heavy sensors while the waves in the fins produces a

shape combines low drag in water still being suspended under water. In the differential thrust 131, causing the

with enough storage space inside current prototype, which carries no sensors, the robot ray to veer in one direction .
the hull to accommodate all the payload is simulated by 12 kilos of lead . By producing thrust in opposite
various subsystems and sensors. placed on the hull’s bottom. The lead weight directions (one wave pushing

The hull is made of fibre- provides the balance that the robot ray needs forwards, the other backwards), the ray
reinforced plastic (glass-fibre and to swim in a perfectly straight line. rotates in its place.

epoxy resin), shaped around a PVC
foam core.

Robot ray™ | ©

Galatea ca

bed to

aship’s hull to ensureno
contraband is attached to
the ht —

"
How a ray s
On each sid.
velocity 300 deg
together drive a
its two extreme posit [ th
down outside the robot. The 17 ¢ 1 ccession to
a sinusoid wave that runs backwards (or prwa'rds).*FhéWfa]'_é,‘ '
linked together by means of a cotton fabric fin 15 . As the fin's '
wave pushes a mass of water backwards, the robot moves .
forwards. The robot propels itself by pushing against the water
-. If the motion of the sinusoid wave is reversed, the robot
moves backwards.

B
ey
o)

Maximum propulsion -
Static force tests show that propulsive power peaks if the
~_fin's undulations cover 1.5 sinus periods. The thrust rises
- with the increasing amplitude of the fin's motion.
With the fin's ribs waving up and down at a frequency
 (covering an angle of 40 degrees),
/ the robot is 2 N. e
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Galatea Tailplane Follow-up research

The underwater robot The tailplane is not intended to provide thrust, but Galatea is a successful proof of concept. The
ray was named after a instead acts as a hydroplane. By changing the angle students are now focusing on analysing the flow
sea nymph from Greek of the two surfaces, the robot ray can be made to around the fins, using computer models and
mythology. Galatea was move towards the bottom or towards the surface § . wind tunnel tests to optimise the propulsion. In
the daughter of the sea Differential positions of the tailplane surfaces cause addition, the robot will have to be able to
god Nereus. the ray to roll about its longitudinal axis 6. The tail complete a pre-programmed course on its own.
planes need to be relatively large, because the A number of structural improvements have also
directional force they provide is proportional to their been devised. The current design uses a
surface area and the square of the robot’s (low) speed. separate servo motor to operate each of the ribs
Each tailplane is driven by its own servo motor| 7. in the fins. Using a single motor to drive a

camshaft operating all the ribs simultaneously
will considerably improve motor efficiency.

Remote control
A controller 8 handles communication with the
pilot on shore and controls the operation of the
servo motors. The data exchange with the pilot
is conducted through a cable or a wireless
modem 9. The modem contains two rod and
coil assemblies 10 that comprise the receiver
(12 kg per rod), a ring 11 for transmitting
(2 kg) and an electronics unit. Because the
underwater modem is heavy and
cumbersome, and signal transmission
is error-prone and slow (with 2.5
seconds delay between trans-
mission and reception), wireless
testing has not yet been started.

Batteries 12

The servo motors are powered
by 6 battery units with a total
capacity of 540 Wh. The power
consumption is approximately
240 W at a speed of 30 to 40
cm/s. In normal operation a
full battery charge lasts about
5 hours.

Galatea Prototype

FOCU

of cyanobacteria
lakes, ponds and
bodies of water
where people
in the summer.

Vortices i
tating motion in the mass ate

between eac \t the end of the fin, this vortex 17

provides extra thrust. These vortices (caused by Sideways
differer ECS n pr sure around the moving fin) also A flat, waving fin
occur alo f"" es_ofthe fin, but the resulting enables the

L @
forces cang:élaea'gh other out along the fin's length.
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The missing link

Ocean currents, tectonic shifts, and climate change. Goce, a recently launched gravity probe, is

expected to provide a major boost to the study of these forces of nature. TU Delft is closely involved

in this European Space Agency (ESA) project. “They call us the Delft Mafia.”

TomAs VAN Di1jk

“So when did the champagne corks fly? Well, we were very
relieved just to see the rocket lift off without any mishaps.
Its destination was quite a change from its original target,
which would have been a city like Washington D.C. We
reached the high point when the third stage separated
smoothly. That was when we uncorked the champagne,
because that was stage where things had gone wrong
during the previous EsA launch.”

With a fine sense of understatement, TU alumnus and
current mission manager of the Goce satellite, Dr Rune
Floberghagen, describes Goce’s launch on 17 March 2009.
The last time ESA used a similar rocket - a modified Russian
long-range missile (Rockot) - to launch a space probe, the
commands to separate the second and third stages went
unheeded, causing the CryoSat probe to plunge into the
Arctic Ocean in 2005.

Grace
Goce is not the first satellite to measure the Earth’s gravita-
tional fields. The American-German satellite Grace (Gravity
Recovery And Climate Experiment) has been doing this
since 2002. Grace consists of a pair of satellites that follow
each other at a distance of 220 kilometres and at an altitude
of approximately 450 kilometres. Using radio beams in the
microwave range, the rearmost probe monitors the minute
changes in distance from its twin brother that are caused by
variations in the Earth’s gravitational pull.
“Grace and Goce are complementary,” Vermeersen says.
“Grace can be used to monitor variations over time, showing
the changes that, for example, magna flows cause in the
Earth’s inner regions. It can also be used to observe hydrolo-
gical phenomena, such as the seasons in the Amazon region.
During the wet season, the forest mass increases as the vege-
tation sucks up water like a sponge and grows more foliage.
The gravity readings from Grace also show whether ice has
melted at the poles. Grace’s drawback, however, is that it’s
like looking through frosted glass: the resolution is much
lower, so you cannot see exactly where the changes took
place. Any changes that you measure are spread out across
500 kilometre stretches. Grace is also less suitable for accura-
tely measuring the differences in the level of the geoid, as it
is always several centimetres off. Goce meanwhile delivers an
instant snapshot with a much higher resolution.”

This time round the launch went perfectly, even if it was
held a day later than originally planned. On 16 March, the
launch tower’s automatic doors failed to open; the relays
controlling the door mechanism turned out to be faulty.
“The mind boggles,” Floberghagen sighs.

In 2001, Floberghagen received a doctorate degree from
TU Delft for his research on lunar gravity measurements.
Since then, his impressive career trajectory has taken him
up to the position of mission leader at EsA. Floberghagen
watced the Goce launch from the Esrin communication
centre in Frascati, Italy, from where he supervises the
mission.

Low Earth Orbit
In the afternoon of 17 March, Goce rose from the Russian
space centre at Plesetsk to assume its orbit around the Earth.
“Just to be sure, we requested that the launch tower doors
be opened five hours in advance. Fortunately, we were able
to do this because there was no wind blowing that day,”
Floberghagen recalls.
Less than 9o minutes later, having crossed Greenland,
Alaska, the Pacific Ocean, Antarctica, and the Horn of
Africa, the probe was picked up by the Esa earth station
in Sweden. Goce had entered a good orbit, at an altitude
of approximately 280 kilometres. Eventually, Goce will
descend to its destination orbit of 260 kilometres, to which
the satellite is now slowly descending.
Earth scientists are now eagerly awaiting the data Goce
promises to provide. Goce, which stands for Gravity Field
and Steady-State Ocean Circulation Explorer, is currently
mapping the structure of the Earth’s gravity field. A better
understanding of this structure will allow scientists to
study ocean currents in greater detail, and to predict and
calculate sea levels rises and major geophysical processes,
such as earthquakes.
The Goce gravity mission traces its roots back to TU Dellft,
where Dr Reiner Rummel, professor of space geodesy
at TU Delft up to 1993, first took the initiative for this
research satellite. Rummel currently supervises the High
Level Processing Facility, a consortium of ten European
research institutes that will analyse the gravitation data
Goce gathers. Among the consortium partners are the Delft
Institute of Earth Observation and Space Systems (DEOS),
and the Netherlands Institute for Space Research (SRON).
“The concept dates back 25 years,” Rummel explains over

zoog-zJDEer Outlook
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Prof. Dr Reiner Rummel

Munich (Germany), where he currently works. “We were
already studying the possibility of a satellite mission for
gravitation measurements at TU Delft’s geodesy faculty in
the 1980s. We had contacts at Esa, so we submitted the plan
to them. The project was called Aristotle, and the satellite
would be used to measure the Earth’s magnetic field.
However, the plan failed to materialise.”

According to Rummel, EsA’s decision in the late 1990s to

proceed with Goce was influenced by the rapid rise of the
climate change debate. Goce is an important tool for climate
change research, such as studying the effects on the rise of
sea levels. Also during the 1990s, ESA launched the Living
Planet programme, a major research initiative focusing on
the way the Earth works. Goce was a perfect match.

Goce must lead us to the Holy Grail of earth science, the
geoid, which is the shape the Earth would have if it were
entirely covered by a stationary layer of water; in other
words, a completely blue planet devoid of the effects

Rebounding Earth

While the world is worrying about rising sea levels, the water
level appears to be dropping in the Scandinavian Bothnian
Gulf, where 200-year old boathouses now lie perched two
metres above the shoreline. The water level is shifting by one
centimetre every year; however, this is not a case of sea levels
dropping, but rather of the sea floor being lifted. The driving
forces behind this change are the molten rock flowing in the
Earth’s upper mantle, between 100 and 700 kilometres below
the surface. The rock is flowing back to fill a depression that
was formed during the last ice age. Some 20,000 years ago,
Northern Europe was covered by a 2.5 kilometre thick crust of

ice that pressed down on the surface. Now that the ice has gone,

the Earth’s surface is springing back into shape.

Dr Bert Vermeersen is researching this phenomenon, known as
post-glacial rise. He is studying the gravity images of the area
produced by the American-German satellite Grace (Gravity
Recovery And Climate Experiment). These images show that the
gravity fields are relatively weak, which is to be expected when
the ice has pushed the surface away. The problem, though, is
that these images are very vague. Vermeersen hopes that Goce
will make it easier to see the fingerprints left behind by the ice
mass, which would allowing him to model the post-glacial rise

more accurately.

Along the coast of the Gulf of Bothnia, 200 year-old boathouses

now sit two metres atop the shoreline

zoongDELFT Outlook

caused by wind, temperature, tides and other currents.
As such, rather than a smooth globe, the Earth would
resemble a dented apple.
Because mass is not equally distributed inside and on the
surface of our planet, gravity varies from place to place,
and with it the gravitational acceleration, resulting in
different water levels. Sail, for example, from Spain to
Turkey, and without realising it, you actually pass through
a 30-metre deep trough.
In order to model the climate, tectonic shifts, and ocean
currents, as well as dynamic processes, such as wind, tides,
and temperature fluctuations, the variations in gravity and
gravitational acceleration must also be taken into account.
Dr Bert Vermeersen, of TU Delft’s Faculty of Aerospace
Engineering’s astrodynamics and satellite systems group,
calls Goce the “final piece and the missing link” of earth
observation.
“The water level of the geoid, also known as equipotential,

ILLUSTRATION: MULTIMEDIA SERVICES

Effects of the ice age on the Earth'’s crust

“This is also very useful for research into the rise of sea levels
along the Dutch coast,” Vermeersen says. “Because the
Netherlands at that time was situated at the edge of the ice
mass, the presence of the ice in our region resulted in an
elevation rather than a depression. Therefore, as a result of the
post-glacial movement, instead of rising, the surface of the
Netherlands is subsiding at a rate of several tenths of a milli-
metre each year.”

“There is something else, as well,” Vermeersen adds. “We
are tilting. During the last ice age, the bed of the North Sea
between the Netherlands and Great Britain was dry. The area is
now under great pressure from the column of water over it. As
aresult, the bottom of the North Sea is subsiding and the west
coast of the Netherlands is tilting into the sea.”

Vermeersen uses another example to illustrate the relativity of
rising sea levels. Ice melting at the poles will not result in rising
sea levels all over the world. Vermeersen: “Within a radius of
about 2,200 kilometres from the melting ice masses, the water
levels will in fact drop, because the strength of the gravity fields
will decrease locally with the disappearance of the ice.”
Vermeersen recently calculated that if all the ice on Greenland
were to melt, the sea along the Dutch coast would not rise by
six metres — which is the average sea level rise across the planet
if Greenland were ice-free — but by only two metres. In the sout-
hern hemisphere, sea levels would rise by more than six metres,
however. Exactly how much though depends on the gravity
fields that Goce is currently mapping.



is like a reference point, and we really need to know what
itis,” Vermeersen explains. “We need this information

in order to calculate the extent to which dynamic ocean
forces contribute to the shape the oceans will eventually
take. Thanks to Goce, we will soon be able to reconstruct
the geoid down to the nearest centimetre. For some

time now, we are already capable of using satellite laser
altimetry to accurately measure the actual sea levels.”
Vermeersen is also closely involved in the Goce project; he
is one of the ten members of the project’s Mission Advisory
Group. Members of this group — who hail from the various
participating countries — have shaped the project over the
course of the many years leading up to the launch date,
advising ESA on the instruments needed onboard the
satellite, the satellite’s orbit, and the way in which the data
needs to be analysed.

Gravity and gravita-
Delft Mafia
Dr Pieter Visser, of Deos, calculated the optimum orbit

tional acceleration vary

from place to place

altitude for the satellite as 260 kilometres. He is also a
member of Goce’s Mission Advisory Group, and as such
is responsible for calculating the satellite’s orbit. Visser is

At this very moment, the probe
is mapping the Earth’s gravity
structure

moreover a member of the High Level Processing Facility,
the consortium that will analyse the gravitation data. “They
call us the Delft Mafia, because we're so well-represented
in the advisory group and have alumni in various key
positions,” Visser says, laughing.
Visser has tailored Goce’s orbit to follow a track over the
poles, circling the Earth roughly every 9o minutes. During
each successive pass, the probe scans the Earth along a
slightly different longitude. “In one month it will measure
the gravitational fields of the entire surface of the Earth,
with a resolution of a 100 kilometre square,” Visser explains.
“Goce will then continue to follow the same routine for
another year, in order to provide us with enough data to
filter out any noise.”
Goce carries six ultra-sensitive gravity sensors that together
form what is known as the gradiometer. The gravity
sensors, which are arranged in pairs along three orthogonal
axes, measure the relative variations in acceleration, from
which they can calculate deviations in the gravity field to
an accuracy of one thousandth of a Gal (Gal is the unit of
gravitational acceleration).
Once Goce has completed its mission, the satellite will
slowly descend into the atmosphere and burn up. Until that
time, two ion motors will ensure the probe remains at the
correct altitude. The motors provide a thrust of between
1 and 20 millinewton, and are needed to compensate
for the friction caused by the thin air that remains at
260 kilometres above the Earth’s surface. The thrustis

comparable to the thrust a person generates when exhaling,
or to the weight of a snowflake.

Visser’s main job is to track the probe’s position as
accurately as possible. “If we are to use the gravitation
readings successfully, we need to know the location of the
satellite at each moment the measurements were taken,
down to the nearest couple of centimetres,” he explains.
Visser certainly has his work cut out for him. Goce carries
onboard GPs receiv