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Travelling in time

I

n his book (with Leonard Mlodinow) A Briefer History of Time Stephen Hawking
outlines how our views of the nature of time have changed through the years.
Up until the start of the 20th century people believed that time was absolute –
that each event could be labelled by a number called ‘time’ in a unique way. All
good clocks would agree on the time interval between two events. However, it was
measuring the speed of light and then understanding that the speed of light appeared
the same to every person observing it, no matter how he or she was moving, that
led to the theory of relativity. With this, modern physics abandoned the concept of
unique, absolute time. Now the time of events could not be labelled in a unique way.
Instead, each observer would measure time his own way, recorded by the clock he
carried. And clocks carried by different observers would not necessarily agree on the
time. This made time a personal concept – relative to the observer who measured it.
But, time was still regarded as a straight line on which you could go one way or the
other – with no loops or branches that allowed you to keep going forward but come
back to a point that you had already passed. But, if these loops or branches in time
exist, then time travel would be possible – a theme found in science fiction writing
for many decades, starting with HG Wells in The Time Machine. Many other ideas
in science fiction – landing on the moon, satellites – have happened. Could we ever
travel in time?
If you look carefully at relativity you can see that it is possible to travel to the future
– relativity shows that it is possible to create a ‘time machine’ that will push you
forward in time. You step onto the machine, wait, step out and find that much more
time has passed on Earth than has passed for you. We don’t have the engineering
technology to build such a machine – but if it could be done, it would be something
that blasted you into space, accelerating to nearly the speed of light, travelled for a
while and then returned. Of course time and space are related according to relativity
(and in fact much of classical physics and mathematics as well). Allowing people
to travel back in time is mathematically possible – by altering Einstein’s equations,
done many years ago by the mathematician Kurt Gödel, who found a new solution to
Einstein’s equations.
All this requires being able to travel at or faster than the speed of light – the stuff
of science fiction in which people travel in space for a few years then return to find
everyone they knew dead and gone. As we continue to explore ever more abstract
concepts in physics and mathematics, we find that time is more and more important
to how we understand the world around us – and how we understand time itself –
exciting times!
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Timing is everything

Being ‘on time’ in the world
of science does not have the
same meaning as ‘being on time’
in everyday life. Hermann Uys,
a quantum physicist, agreed
to give us a look into the weird
and wonderful world of keeping
time with atoms.

Physicists at Stellenbosch University are constructing an ytterbium
ion trap, which could ultimately be used for pursuing improved
atomic clocks. The process also involves a lot of theoretical physics
research to better understand what causes the small inaccuracies
in atomic clocks and how to overcome those problems. Pictured
here, the heart of the experiment, the ion trap where single ionised
atoms are captured. Image: Stefan Els

S

o how can you ‘be on time’ in science? There are
physicists who have constructed clocks so accurate
that if those clocks had first been turned on at the
time of the big bang, the time they report today
would still not be out by more than a second.
Let’s start with the basics: What is time?
Without getting too philosophical, time characterises the order
in which events take place. To measure time you need two
things: something that ‘ticks’, by which I mean that it produces a
repeated signal, and you need something that counts those ticks.
Then you can say ‘this event happened between tick 8 and 9’, or
‘let’s do that between ticks 12 and 13’. Your device characterises
the order in which events took place relative to the ticks. And

Caesium is a silvery-gold metal, with a liquid-like texture – here sealed in a glass
ampoule. Image: Wikimedia Commons
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Top: A host of optical elements, lenses, mirrors and polarisers steer and manipulate laser beams of different colours to
enable control of the trapped ions. Image: Stefan Els

there you have it! A time-keeping device.
One obvious ‘ticker’ is the Earth itself,
which goes through day-night cycles.
You can create an extremely simple
time-keeping device by making a mark
on a stick once a day when the sun
is at its highest in the sky. Then you
can make separate marks on the stick
to indicate when certain events took
place relative to the timing marks. I
would imagine that this is what the first
calendars looked like thousands of years
ago.
However, checking the height of
the sun in the sky by eye is not very
precise. On any given day you are
probably off by about half an hour.
To make very precise time-keeping
devices you need to improve in two
ways. Firstly, the ticks must follow
A Vienna regulator style pendulum
each other very quickly so that you
wall clock. Image: Wikimedia Commons
can order events that happened in
very quick succession. Secondly, those ticks must follow each
other very regularly, i.e. with exactly the same delay between
successive ticks.
A grandfather clock, based on a swinging pendulum, is
better than the Earth as clock because it ticks much faster
than once a day, but its ticks are also not perfectly regular.
So, after some days or weeks the time it reports will have
drifted compared to when the sun is highest in the sky.
Over the years many technologies have improved our
ability to build better time-keeping devices, and the most
successful of these are the atomic clocks.
4
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How do we measure time with atoms?
Remember I said that to measure time accurately we need
something that ticks both quickly and very regularly? It turns
out that the right kinds of atoms fulfil both those requirements.
Specifically, caesium-133 atoms are used world-wide to define
what is called Atomic Time. When electrons in the ground
energy state of those atoms have oscillated 9 192 631 770 times,
we say a second has passed. This is the internationally accepted
definition of the second. Caesium atoms are very fast tickers,
but that is not all. Physicists believe that every caesium atom in
the universe ticks in exactly the same way. So caesium atoms are
also very regular tickers.
What is Atomic Time?
International Atomic Time (TAI – for the French Temps
Atomique International), is the time based on about 400 of
these atomic clocks in many different laboratories around the
world. By the way, South Africa also has atomic clocks that give
our national time. They are hosted by the National Metrology
Society of South Africa (NMISA) in Pretoria. Dial 1026 on your
phone and you’ll hear a voice indicating the time provided by
these clocks every 10 seconds.
But there is a slight problem with using Atomic Time to run
our daily lives. The trouble is that the Earth’s rotation is not as
regular as Atomic Time due to various physical effects. So had
we used only Atomic Time then midnight would not always
be at exactly 24:00. Instead we use what is called Coordinated
Universal Time (UTC) to run our daily lives. UTC compares
the time determined by the Earth’s rotation, also called
astronomical time or Universal Time 1 (UT1), to Atomic Time.
Whenever there is a difference of 0.9 seconds between them, a
leap second is added to UT1 so that the earth’s rotation remains
well synchronised with our time standard.

The team from Stellenbosch University responsible for putting
together the first ion-trapper in South Africa. They are (from the left)
Dr Hermann Uys, CSIR/SU Chair in Quantum, Optical and Atomic
Physics, Naleli Matjelo, PhD student, and Dr Ncamiso Khanyile, postdoctoral fellow. Image: Stefan Els

How accurate are these clocks?
One way to test how accurate the clocks are is to build two
clocks that are exactly the same and then see how long it
takes before the time these two clocks report has drifted
apart by one second. It turns out that for the best caesium
atomic clocks this will take about 300 million years!
Future inventions
Are there efforts to make atomic clocks even more accurate?
Why would that be important to do?
Many laboratories around the world are working very hard
to build even better atomic clocks. There is friendly competition
between these laboratories to be the leader in this race. Two
technologies in particular are usually neck and neck. They are
what we call trapped ions and optical lattice clocks. These clocks
are so accurate that they will not lose or gain a second over
many billions of years, if they could run for that long.
In our laboratory at Stellenbosch University we are
now constructing an ytterbium ion trap, which we could
ultimately use for developing improved atomic clocks.
We also do a lot of theoretical physics research to better
understand what causes the small inaccuracies in atomic
clocks and how to overcome those problems.
Why such precise timing?
Many technologies, including the internet and the telecommunications industry, rely on precise timing. And did you
know that every GPS satellite has more than one atomic clock
on board?
All modern navigation relies heavily on precise time keeping.
Today the best laboratory clocks are so accurate they will literally
tick slightly faster if you lift them just a few centimetres off the

The National Metrology Institute of South Africa (NMISA), based in Pretoria, has
four thermal beam caesium atomic clocks (three of them visible in the picture)
and one active hydrogen maser. Image: NIMSA

ground. This is due to the slightly lower gravitational field as
you move a little farther away from the surface of the Earth.
This is an effect that can only be understood through
Einstein’s theory of general relativity. These clocks would also
tick noticeably slower if they were positioned above some area
with very dense rock or mineral deposits directly below them,
compared to very porous rock. This opens up possibilities for
geo-exploration for minerals using very precise clocks.
Far from being just interesting laboratory experiments,
accurate atomic clocks are very useful! q
Dr Hermann Uys specialises in quantum optics – the so-called
final frontier. He currently leads research into the quantum
control of atoms and molecules, developing quantum control
applications of trapped ions and ultrafast pulsed lasers. He
holds the CSIR/Stellenbosch University Chair in Quantum,
Optical and Atomic Physics.
12| 1 2016
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How old is the Earth?

Tebogo Makhubela and Jan Kramers explain the concept of ‘deep time’
and how earth scientists have worked out the age of the Earth.

‘I

f the Eiffel tower were now representing the Earth’s
age, the skin of paint on the pinnacle-knob at its
summit would represent man’s share of that age;
and anybody would perceive that that skin was
what the tower was built for. I reckon they would, I dunno.’
– Mark Twain
Geochronology – detemining the age of minerals
and rocks
The age of the Earth cannot have a precise value, but the
best estimate we have is about 4.5 billion years. How did
we get to this value? As humans we know our age because
it is documented in our birth certificates, and our life
experiences are documented by our families, photographs
and videos. Millions of years ago there were no humans on
Earth, and cameras were not invented until the 1800s. So
how then do we know the age of the Earth and its history?
The answer is geochronology, which is the science of
determining the ages of minerals and rocks. Radiometric
dating is a branch of geochronology which produces
absolute ages through the measurement of the decay
products of radioactive elements. The most useful elements
used in this dating process are uranium, thorium, potassium
and rubidium. These elements were incorporated in the
Earth when it was formed, but they decay so slowly that
there are still large amounts in rocks and minerals today.
Aging the Earth – the concept of ‘deep time’
The concept of ‘deep time’ is central to any discussion or
understanding of the age of the Earth. This is the name
given to the concept of geological time. The modern
philosophical content was developed in the 18th century

Hutton’s unconformity outcrop at Siccar Point, Scotland. The Silurian strata in the
lower part of the image were deposited as horizontal sand layers, solidified, and
tilted to their present near-vertical state in a later event, then erosion created a
flat surface once again, on which the Devonian sandstones in the upper part
of the image were deposited. These processes occur so slowly that we cannot
directly observe them. Hutton reasoned from the complicated sequence of
events that geological time was immeasurably long. Image: www.lpp-foundation.nl
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by the Scottish geologist, James Hutton (1726 – 1792). The
age of the Earth, estimated at 4.5 billion years as explained
above, has been established by modern science after a long
and complex history of developments.
The age of the Earth has been a subject of controversy
and debate for many thousands of years. Over the years
many scholars have proposed estimates based on religious
tradition, but also on science. The Talmudic rabbis, Martin
Luther and Archbishop James Ussher of Ireland are among
those who used biblical accounts to estimate the age of the
Earth.
Archbishop James Ussher used detailed studies of the
chronologies (time lines) of the Hebrew Old Testament
and Kepler’s astronomical tables, and worked out that the
creation of the Earth began on the Saturday evening of 22
October in the year 4004 BC. However, from about 500
years ago, two groups of scholars used science. They studied
the rock record and were later known as geologists. Other
scientists from different fields such as mathematics, physics
and astronomy also became involved in estimating the age
of the Earth using science.
Early geologists

Early geologists stressed that an ‘unimaginably long time’
must have passed to produce the different rock strata and
their fossil content, as well as other geological features that
we see today. The Scottish geologist, James Hutton, was
one of the best known. He dismissed the very idea of the
Earth having an age we can estimate. He believed the Earth
was infinitely old, showing ‘no vestige of a beginning – no
prospect of an end’.
Among other scientists, William Thomson, who later
became Lord Kelvin in 1892, was the most notable. During
the period from 1860 to 1897, Lord Kelvin calculated ages
for the Earth from between 20 and 100 million years based
on its rate of cooling from an assumed initial fully molten
state. So great was Kelvin’s authority that by the late 19th
century, the geologists had uncomfortably compromised on
the age of the Earth to be around 100 million years, although
stratigraphy and the rate of sediment deposition, as well as
the accumulation of salt in the oceans suggested an older age.
The start of geochronology
In 1905 the scientist Ernest Rutherford carried out a set
of experiments designed to determine the ratios of mass,
charge and velocity of alpha particles emitted by radium.
The fundamental conclusion from the work was that the
alpha particles should weigh 4 atomic mass units (amu) for
an electric charge of +2, which characterised them as helium
nuclei.
After the description of the experiment and the result,
Rutherford added a section entitled ‘Age of Radioactive
Minerals’, which opened with: ‘I have previously pointed
out that the age of radioactive minerals can be calculated
from the amount of helium contained in them. The method
is based on the assumption that, in a compact mineral, the

Panorama of the Drakensberg in Giant’s Castle region, on the
KwaZulu-Natal/Lesotho border. The uppermost layer of this
portion of the Great Escarpment is formed by the 1 400 m thick
Drakensberg Lavas, which rest on the Clarens Formation rocks.
Image: Wikimedia Commons

greater part of the helium is mechanically imprisoned in the
mineral and is unable to escape’. He then goes on to quote a
few examples of previous measurements, yielding apparent
uranium-helium (U-He) ages up to 400 million years, but
also notes that ‘this is a minimum estimate, for some of the
helium has probably escaped from the mineral’.
The age calculations used the exponential law of
radioactive decay, which describes the number of atoms of
a radioactive species (e.g. NU), and the accumulation of a
stable daughter species (e.g. NHe) as a function of time, t:
NUt = NU0e(-t)
and NHet = 8NU0(1 – e(-t))
Where:
 is the decay constant, i.e. the probability for any nucleus
of U to decay in a given time interval (with large numbers
of atoms, the probability becomes a constant). The factor 8
stems from the fact that 8 He atoms are produced in the U
decay chain. Only one species of U is acknowledged here as
isotopes were not yet discovered at the time.
This was the first solid report of geochronological
research using the accumulation of the nuclides that are
produced in radioactive decay to determine ages. It had to
be hidden at the end of an article with an unexciting title
because the age of the Earth was not only contested by
religion and science, but also within science itself. The main
problem was that the results contradicted the findings of
Lord Kelvin, who could influence academic appointments.

Stratigraphy
Stratigraphy is a branch of geology which studies rock layers, called strata
and how they are layered, called stratification. It is used in the study of
sedimentary and layered volcanic rocks.
Sedimentary rocks are the type of rock that are formed by the deposition
of material at the surface of the Earth and within bodies of water.

Radioactive isotopes – vital in the process

At these early stages of the discipline of geochronology, the
existence of isotopes was not yet known. Their discovery
was closely linked to the science of radioactivity. In 1913,
Kasimir Fajans and Frederick Soddy independently noted
that atomic species with different types of radioactivity
and different atomic weights can occupy the same place
in the periodic table, having the same nuclear electric
charge, which determines their chemical character. Thus the
concept of isotopes (from the Greek, ‘the same place’) was
born.
In the same year, experiments with magnetic deflection
of rays of positively charged particles in low-pressure gas
discharge tubes showed that a single element (such as neon)
can consist of atoms of different masses. However, it took
a long time for scientists to understand how isotopes could
exist, i.e. how different species of atoms with different
atomic weights could be chemically identical. To account
for this, Rutherford postulated in 1920 the existence of the

Increasing complexity of instrumentation used for geochronology. A: instrument
used by Rurtherford in his 1905 experiment. B: mass spectrometer built by AO
Nier in the 1930s. C: Laser ablation (left) and coupled mass spectrometer (right)
at UJ, 2016, enabling age determination on 30 micrometre size spots in zircons.
Image: Pictures A and B are modified from Rutherford, The Philosophical Magazine, 1906 and Nier, Journal of Chemical Education,
1989. Image: Prof Jan Kramers

neutron, defined as an electrically neutral particle with the
same mass as the proton.
At this stage everything fell into place: it is the nuclear
charge (the number of protons) that determines the
electron configuration and therefore the chemical character
of an atom (to which element it belongs). Variations in the
number of neutrons in the nucleus affect its mass, but not
its chemical properties. The identical chemical character of
isotopes of a given element makes them into enormously
powerful tracers today, with a host of uses in such diverse
fields as physiology and medicine, forensic sciences, material
sciences, archaeology and of course, geology.
12| 1 2016
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Mass spectrometry
Mass spectrometry is an analytical technique that helps to identify the amount and type of chemicals present in a sample by measuring the massto-charge ratio and the abundance of gas phase ions.
Mass spectrometry is also used to determine the isotopic composition of elements within a sample, which is one of the ways in which they are
used in radiometric dating.

Pangea
Pangea was a supercontinent that existed during the late Paleozoic and
early Mesozoic eras. It joined together from earlier continental units about
300 million years ago and started to break up about 175 million years
ago. Most of Pangea was in the southern hemisphere – today most of the
continental mass is in the northern hemisphere – and it was surrounded
by a super-ocean called Panthalassa.
Pangea was the last supercontinent to have existed and the first to be
reconstructed by geologists.

A map of Pangea with modern continental outlines. Image: Wikimedia Commons

Radiometric dating
With the knowledge of isotopes and the means to analyse
them separately, much more refined radiometric dating
became possible, because it is not just elements, but specific
isotopes of them that are produced in radioactive decay (see
below). It was through the efforts of Alfred O Nier from the
early 1930s onwards that mass spectrometry started to be
used in the measurement of geological time.
Nier’s work led to the development of the two most
commonly used radiometric dating methods in geology:
uranium-lead (U-Pb) and potassium-argon (K-Ar). The
U-Pb dating method relies on two separate decay chains, the
‘uranium series’ from 238U to 206Pb, with a half-life of 4.47
billion years and the ‘actinium series’ from 235U to 207Pb,
with a half-life of 710 million years. It is usually performed
on the trace mineral zircon (ZrSiO4) in magmatic rocks
(e.g. granites) as well as sandstones. The K-Ar dating
method is based on measurement of the product of the
radioactive decay of an isotope of potassium (40K) into
argon (40Ar), with a half-life of 1 251 million years and is
commonly used to date tectonic events (such as mountainbuilding), as well as volcanic ash layers.
8
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Geological ages
With these radiometric clocks, an impressive database of
geological ages has been produced over the years, presenting
a record of when continents and supercontinents, such as
Pangea, were assembled out of numerous smaller units, and
when they in turn broke apart with new oceans opening up
between the fragments.
The oldest rocks and meteorites
The oldest rocks known on Earth, in West Greenland and
Canada, are up to 4 billion years old, and South Africa’s oldest
rocks (3.6 billion years in the Barberton Mountain Land,
Mpumalanga) come close to this record. However, the oldest
zircon crystal found in a 3.6 billion-year-old sandstone in
Western Australia is a staggering 4.4 billion years old, giving a
firm younger limit for the age of the Earth.
Meanwhile, radiometric dating can also be applied to
meteorites, and the oldest known solid constituents that formed
within the solar system are calcium-aluminium-rich inclusions,
dated to 4 567 million years old, giving an age for the solar
system and therefore an older limit for the age of Earth.
But apart from these few very ancient zircon grains in
Western Australian sandstones, there is no known geological
record from before 4 billion years ago. We can understand
this by looking at another aspect of natural radioactivity: it
produces heat within the Earth, and 4 million years ago, this
heat production was up to four times greater than today,
when the heat-producing isotopes have largely decayed.
Therefore, it is reasonable to assume that heat-driven
processes like convection and melting in the Earth’s interior
were much more active. These processes led to volcanism,
and to the continental crust being highly unstable and
prone to being destroyed by erosion. Therefore, even with
all the technology available today, the Earth is still shy about
its age. We know the upper and lower limits of its age, but
building planets from the original dust cloud of the solar
nebula (a process that has been modelled) could have taken
up to 100 million years.
However, data from the Moon are very helpful here. It
is now quite well established from orbital and chemical
data that the Moon was formed by a giant impact in which
another planet, about the size of Mars, collided with the
Earth very early in its history. The Moon eventually formed
from the thrown-out debris of this collision. Being a much
smaller body (only 1.23% of the Earth’s mass), the Moon
could have cooled down and ‘frozen’ relatively rapidly.
Indeed, the oldest dated rocks on the Moon are about 4.52
billion years old. Since the Moon formed through a collision
of another planet with the Earth, the Earth itself must be
at least as old as that. Our planet, after all, has a reasonably
well-defined age. q
Tebogo Makhubela is a lecturer at the Geology Department
of the University of Johannesburg. Jan Kramers is a postretirement professor at the same Department. Tebogo’s PhD
project is focused on cave geochronology and landscape
evolution, using diverse isotope techniques.
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Why time moves forward
A physicist explains why time
moves forward
and not backwards
Everyone assumes that time only moves
forwards and that this one-way direction
is fundamental to our understanding of
physics and the world around us.
Now, research by Joan Vaccaro from
Griffith University in Australia suggests
that this is not the case and that there
may be something deeper causing time
to push forward. At the atomic level,
when you look at individual atoms and
molecules, it doesn’t really matter to
them whether time is moving forwards or
backwards – their behaviour is the same
regardless of which direction time may
be pointing.
But when you get to space, this
changes. You cannot move things
around in space and expect them
to be unchanged. Because of this
scientists have assumed that there is a
fundamental reason the universe unfolds
in a forwards direction in time, but not
in space. This is called the ‘asymmetry’
between time and space. In fact the
equations of motion and conservation
laws operate differently over time and space.
‘In the connection between time and space, space is easier to
understand because it’s simply there. But time is forever forcing us
towards the future,’ says Vaccaro. Her new proposal suggests that
the two directions of time – forwards and backwards – may not be
identical.
‘Experiments on subatomic particles over the past 50 years
show that nature doesn’t treat both directions of time equally,’ said
Vaccaro. ‘In particular, subatomic particles called K and B mesons
behave slightly differently depending on the direction of time.’
K and B mesons are super tiny subatomic particles, which
means they’re not easy to study without the help of highly
sophisticated equipment. But the evidence that they behave
differently depending on which way the arrow of time is facing
suggests that it could be this difference, rather than some
elemental part of nature, that’s determining which way we move
through time.
‘While we are indeed moving forward in time, there is also
always some movement backwards, a kind of jiggling effect, and it
is this movement I want to measure using these K and B mesons,’
explained Vaccaro.
To investigate, she reworked the equations of quantum
mechanics, assuming that time wasn’t identical in both directions,
and the results showed that these calculations could accurately
describe our Universe.
‘When this subtle behaviour is included in a model of the
Universe, what we see is the Universe changing from being fixed
at one moment in time to continuously evolving,’ said Vaccaro. ‘In
other words, the subtle behaviour appears to be responsible for
making the Universe move forwards in time.’
If confirmed, this would mean that we’d have to seriously rethink
our understanding of the evolution of time, and the equations that
it influences. But it could also lead to new insights into some of
the stranger aspects of time.
‘Understanding how time evolution comes about in this way
opens up a whole new view on the fundamental nature of
time itself,’ Vaccaro explained. ‘It may even help us to better
understand bizarre ideas such as travelling back in time.’
Vaccaro’s calculations have been published in the journal
Proceedings of the Royal Society A: Mathematical, Physical and
Engineering Science.

This broad panorama of the Carina Nebula, a region of massive star formation
in the southern skies, was taken in infrared light using the HAWK-I camera on
ESO’s Very Large Telescope. Many previously hidden features, scattered across
a spectacular celestial landscape of gas, dust and young stars, have emerged.
Image: ESO/T

Source: Science Alert (sciencealert.com)
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Time – evidence for the

existence of mathematical reality?
How does the existence of time make the abstract concepts of
mathematics real? Zurab Janelidze explains.

A

science professor will often distinguish between
the reality of the physical world that surrounds us,
and its theoretical perception that a given discipline
of science may suggest. Such theories evolve,
transform, develop, with one goal: to refine further and further
our, ever partial, understanding of the ‘physical reality’. So you
might come to the conclusion that disciplines of science are just
inventions of the human mind that can merely approximate
the ‘real world’. One discipline of science, however, takes a
different perspective. It is mathematics. The theoretical world
of mathematics does not suggest an approximation of the
physical reality, although mathematics can be used not only as
a language in which many scientific theories can be formulated,
but even as a tool for making predictions, testing hypotheses,
and discovering new insights.
Mathematical truths
Mathematics is the study of those aspects of the physical reality
that we completely understand. There is nothing missing in
our understanding that collecting two apples together with
another two apples will give four apples, which in mathematical
language we express as 2 + 2 = 4. This is not something that
will evolve, transform or develop. But this does not mean that it
does not lead us to further observations
and new discoveries, not to mention the
applications! Newton’s laws of motion
turned out to be simply approximations
of actual physical motion, but Newton’s
work in the field of mathematics, called
mathematical analysis (which among
other things, gives a language for
expressing most of the theories in physics,
and enables to make computations based
on those theories), remain to be perfect
truths, as the truth that 2 + 2 = 4.

‘Absolute, true, and mathematical time, of itself, and from its own nature flows
equably without regard to anything external…’ Sir Isaac Newton, Philosophiæ
Naturalis Principia Mathematica, 1687. Image: Zurab Janelidze

Mathematical objects
A mathematical object is an abstract object arising in mathematics. An
object, in this sense, is anything that has been, or could be, formally
defined and with which you can carry out deductive reasoning and
mathematical proofs. These include numbers, permutation, partitions,
matrices, sets, functions and relations.
In geometry, such objects are hexagons, points, lines, triangles and so
on. In algebra, objects
are groups, rings, fields,
group-theory lattices and
so on.
The measures of the
interior angle of the
triangle always add up
to 180 degrees.
Image: Wikimedia Commons
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Despite the fact that mathematical truths seem to be eternal
truths, and despite the fact that manipulation of these truths
leads to amazing applications in real life, there is still a feeling
that mathematics may only be an invention of the human
mind and the entities it studies are never really real objects. For
example, when we speak of ‘two apples’, the ‘apples’ are real, but
two apples involves something called ‘two’, and that number 2
is not a real object at all. Indeed, if number 2 was a real object,
we should be able to see it, or feel it, or hear it, or at least find
evidence of its presence at some molecular level.
Time and the real world
But is this actually the case? Does everything that makes up
the real world have a ‘material presence’ that allows us to see it,
feel it or hear it? What about ... time? Nobody will claim that
time is a result of our imagination. It is definitely out there, but
it definitely does not have any material presence. Time does
not emit photons that would allow us to see it, neither does
it consist of particles of any kind. We cannot touch time and
it does not generate sound waves. Yet time is real. Is ‘time’ the
evidence that there is a kind of mathematical reality, that is part
of our physical reality, whose objects (such as numbers) do not
have the same material presence as other objects do, and is time
one of such mathematical ‘objects’?
We could also argue that electromagnetic waves, gravity,
and other elements of the world we live in, which do not
seem to have any material presence, are objects of the
mathematical reality.
Mathematical structures
Whether this is really so or not is perhaps a question that
will remain unresolved for a long time. The fact is that
the information we have about these non-material entities
of physical reality, that allows us to talk about them and
sometimes even manipulate them, is quite mathematical.
We measure time using numbers, we measure gravity using
mathematical functions which take numbers as values, and
mathematical functions are also the means for describing
and manipulating electromagnetic waves.
If these entities did have material presence, we would
probably say that they are ‘made up of ’ more primitive
mathematical entities such as numbers and functions. In
mathematics, things that are made up of more primitive
mathematical entities are called ‘mathematical structures’.
These are, in a way, complex systems made up of simpler
mathematical entities. Think of this as a tissue in biology,
which is a complex system of similar objects – cells.
Abstract entities

One feature of mathematical structures, which distinguishes
them from material objects, is that they are inherently
abstract. A single mathematical structure can have another
more concrete instance, and that can have a further more
concrete instance, and so on. Let us compare this to abstract

Natural numbers and real numbers
In 1970-80s, Georg
Cantor developed the
theory of sets, which
today are building
blocks for mathematical
structures. This allowed
him to mathematically
formalise and study
infinity. Time can
be seen as a reallife example of
mathematical infinity.

In mathematics natural numbers are those used for counting – one apple, two
apples and so on – and for ordering – this is the third largest city in the country.

Image: Zurab Janelidze

entities in real life, for example an apple in general. Golden
delicious is a concrete instance of an apple, but it is still an
abstract entity. A particular golden delicious, for example the
one I had for breakfast this morning, is a concrete instance
of golden delicious, and that is indeed a concrete object. If
apples were mathematical entities, this process of specialising
to more and more concrete entities would never take us to
concrete objects. Each time, the next concrete instance of a
mathematical structure is still an abstract entity.
Do the nonmaterial physical objects, such as time, share the
same feature of abstractness with mathematical structures, and
if yes, what would be consequences of this? In general, when
an entity is abstract, we can state questions about it which have
neither a ‘yes’ nor a ‘no’ answer. For example, the question ‘is an
apple yellow?’, when it refers to the abstract entity of an apple,
cannot be answered with yes, because then this would mean
that all apples are yellow. Neither can it be answered with no,
as this would mean that no apple is yellow. Whether an apple is
yellow or not depends on a particular apple – particular apples
have particular colours, while the general apple does not have
any particular colour.
A remarkable mathematical example of this came about
after Cantor’s attempt to compare the infinity formed by
natural numbers, and the infinity formed by all real numbers.
His question can be phrased in terms of time – the infinity
formed by the amount of all hours is smaller than the infinity
formed by the amount of all possible instances of time. Is there
an infinity in between these two – one which is strictly bigger
than the former and strictly smaller than the latter? Hours
can be counted by integers, while all instances of time can be
counted by real numbers. So the original form of the question
asks whether there is a set whose size is strictly in between the
size of the set of all integers and the size of the set of all real
numbers. This question does not have a ‘yes’ or ‘no’ answer
because the mathematics in which it is phrased is abstract. You
can find an instance of mathematics where the answer would
be ‘yes’, but you can also find another instance of mathematics
where the answer would be ‘no’. So if time is abstract in a similar
way, then this would mean that we will be able to formulate
questions about time which have neither a ‘yes’ nor a ‘no’
answer. What if among such questions are those that concern
fundamental aspects of our universe?
For a mathematician, mathematical structures feel as real as
any other objects, despite their abstract nature. Mathematicians
work with them, study them, use them to construct other
mathematical structures, just as a scientist works, studies, and
manipulates physical objects relevant to his discipline. For a
mathematician, a mathematical structure feels just as real as
time feels real – we cannot see it, we cannot sense it, nor taste or
touch it, but it is certainly out there. q

Natural numbers can be used for counting (one apple, two apples, three
apples ...) Image: Wikimedia Commons

A real number is a value that represents a quantity along a continuous
line and includes rational numbers such as integers.

Real numbers can be thought of as points on an infinitely long number line.
Image: Wikimedia Commons

Prof. Zurab Janelidze is an associate professor in the
Department of Mathematical Sciences at Stellenbosch
University, where he specialises in the fields of abstract algebra
and category theory. He was responsible for the development
of the Foundations of Abstract Maths I and II, and in
2015 became editor of the journal Cahiers de Topologie et
Géométrie Différentielle Catégoriques.
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Taking science to the people

Hamandishe Mathivha shares the spotlight with the Minister of Science and Technology, Naledi Pandor (left), and the Managing Director of SAASTA,
Dr Jabu Nukeri, after winning a Special Award at the 51st National Science Olympiad Awards held in July 2015.

S

cience, through research, has a crucial role to play in
the growth of South Africa’s economy. When scientific
research findings are made accessible, it is possible for
innovation and entrepreneurial opportunities to arise. Research
findings can also have an impact on policy and social
conditions in the country. But this can only be achieved when
science becomes part of our daily dialogue and discourse.
The bedrock of South African Agency for Science and
Technology Advancement’s (SAASTA’s) success in advancing a
culture of engagement with science in South Africa lies in its
synergistic approach. All SAASTA’s initiatives fall under three
key strategic areas:
n Science Education (through which we build up the supply
of tomorrow’s scientists and innovators)
n Science Awareness (through which we engage the
public with the phenomena of science, engineering and
technology), and
n Science Communication (through which we share science
and technology achievements with the public, building up
their appreciation of the benefits of science).
These three areas are interdependent, each enhancing the
effectiveness of the other, while accommodating different
target audiences and creating opportunities for joint initiatives
across several government departments, higher education
institutions, science councils, science centres and other
science agencies.
Science advancement is integrated in every level of the
business of the National Research Foundation (NRF). SAASTA
and the NRF’s National Research Facilities – which focus on
the fields of astronomy and geosciences, biodiversity and

conservation, and nuclear sciences – are implementing a
cross-cutting science advancement strategy.
Science education
South Africa is rapidly reaching the forefront of science and
technology advancement and has the potential to become
a rich source of scientific expertise – but only if the system
is fed with a healthy supply of learners whose interest in
science, engineering and technology (SET) is guided by
equally passionate educators.
SAASTA’s education unit therefore develops, implements
and manages projects that promote science, engineering and
technology to learners and educators based on the following
three focus areas:
n School Science Support: This includes educator and
learner programmes, science enrichment programmes and
competitions.
n SET Careers: This comprises career promotional material,
career profiling campaigns, job shadowing, SET innovation
and entrepreneurship initiatives.
n Science Resources: This includes curriculum-based
support resources, enrichment materials, web-based
materials and online learning.
Science communication
The essence of good science communication lies in both
providing relevant, accessible and accurate information and
by ensuring that there is effective dialogue between scientists
and society. The unit has the following focus areas:
n Scientific Content: Packaging science information and
communicating it using innovative methods to reach SAASTA

An educator instructs learners during a camp held from 7 to 9 October 2015 to prepare them for the 2015 matric examinations at Hlanganani Secondary
school in Mpumalanga

audiences, which include learners, educators, students,
researchers, the public, industry and decision-makers.
n Information Communication Technology: Identifying and
using the correct medium through which to communicate
science. The mediums include print, broadcast, online,
social media and mobile telephony.
n Science Sector Collaborations: Involving the science
sector in communicating science through, for instance,
working with science journalists to ensure optimal access
to scientific content, scientists and research facilities.
Further, collaborating with media partners and encouraging
scientists to communicate their work.
Science awareness
SAASTA’s awareness drive inspires people about the wonders
and applications of science. This is done through, among
others:
n Exhibits: The unit manages a collection of travelling
exhibits and programmes that help to spread the word on
science at festivals and exhibitions around South Africa.
n The Johannesburg Observatory: Exhibitions on
engineering, optics, astronomy, astrophysics and space
sciences are hosted here. The facilities include the infinity
room, forensic laboratories, telescope domes and a TRAC
(Technology Research Activity Centre) laboratory.
n Science and Technology Centre Network: This
programme provides support to science centres around
South Africa, among other human capacity development.
It provides training in the design, manufacturing and
maintenance of exhibitory.

Special projects
Educator Programmes: SAASTA’s mandate includes
supporting educators through the development of resource
materials to enable them to deliver quality teaching in
science, mathematics and technology.
Youth Programmes: One of the best established is the National
Science Olympiad, a competition that has been running for
more than 50 years and is aimed at Grade 10 to 12 learners in
Physical Science and Life Sciences.Other initiatives include the
Natural Science Olympiad, SAASTA National Schools Debates,
Astronomy Quiz and role-modelling campaigns.
Public Awareness Programmes: SAASTA manages several
Department of Science and Technology-funded public
awareness programmes, including the Public Understanding
of Biotechnology, Nanotechnology Public Engagement
Programme, Hydrogen South Africa Public Awareness,
Demonstration and Education Platform and Bloodhound, a
high-tech project to design and build a car that will set a
new world land speed record. In addition, the organisation
runs the National Science Week – a week-long national
celebration of science.

Tel: +27 (0)12 392 9300 • Fax: +27 (0)12 320 7803
E-mail: info@saasta.ac.za
Didacta Building, 211 Nana Sita Street, Pretoria • PO Box 1758, Pretoria, 0001

Time has always been
measured – Jan Smit
explains how.

Time

&

its measurement
through the ages

M

easurement of time can be divided in three
phases, according to what was or is used.
Early man used the Sun and Moon for time.
In day time when the Sun was shining they
worked and searched for food. At night time they rested and
sheltered from the weather and wild animals.
The calendar of 12 months with 365 days was developed
based on the Earth’s movement around the Sun.
Similarly the Moon was used to measure time
or to give moments in time. The phrase ‘at
full Moon ...’ is still used to describe a
specific time in the calendar.
The pendulum
The first pendulum clocks were
developed based on the fact that a
pendulum swings at a constant rate
(discovered by Galileo Galilei about
1583). The Dutch scientist, Christiaan
Huygens, worked out the period, T, of
the first pendulum clock that he developed
in 1656 based on the pendulum’s constant
swing.
It is easy to deduce that the period T of a
pendulum of length L is:
T = 2π(L/g)1/2
(g = 9.81 m/s2 , the acceleration due to
gravity)
An old pendulum clock. Image: Wikimedia Commons
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The pendulum in the clock Huygens developed depends
on this formula.
We still have such pendulum clocks, both ornamental
and in church towers. A shortcoming of all pendulum
clocks is that the length, L, of the pendulum changes with
temperature and the gravitational acceleration, g, also
changes with the position of the clock on Earth. These
clocks also need to be wound up regularly.
Atomic clocks
In about 1955 atomic clocks were developed. The best
known atomic clock is the cesium clock with an accuracy
of about 1 second in 300 years. These atomic clocks are so
accurate that Einstein’s Theory of Relativity could be tested
with them. At present atomic clocks are the most accurate
timing devices available.
Quartz clocks and watches
For daily time keeping quartz
wrist watches and wall clocks
are popular. Why?
You need to remember
to wind ordinary clocks
and watches regularly. The
Basic quartz wristwatch
movement. Bottom right
quartz crystal oscillator, left
button cell watch battery. Top
right oscillator counter, top left
the coil of the stepper motor that
powers the watch hands.
Image: Wikimedia Commons

The dimensions of time. Image: Jan Smit

spring driving the inside mechanism and hands unwinds
and the watch then stops. In quartz watches, however, a
small battery supplies the tiny amount of energy to drive
the mechanism and hands. How do these work?
Quartz crystals (silicon dioxide) are found abundantly
in nature – in sand and most rocks. Quartz crystals are
piezoelectric. This simply means that if you squeeze a
quartz crystal between your fingers a small electric current
is created. Conversely, if you send an electric current
through a quartz crystal it oscillates at constant frequency.
Constant frequency means that it vibrates exactly the same
number of times every second.
At the heart of every quartz watch is a quartz crystal and
tiny battery. The battery sends a current through the crystal
and it vibrates – exactly 32 768 times every second. The
electric circuit, which is also powered by the battery, counts
the number of pulses and generates a pulse every second.
The pulses then drive a small electric motor that spins the
hands of the watch or power an LCD display to show the
time numerically.
Time, the fourth dimension
We perceive the world we live in as three dimensional.
You can travel on Earth in any direction – east or north or
backwards west, south or in any direction in between. If
you set axis on Earth like in mathematics you can set the
x-axis say South, the y-axis East and upwards a z-axis. That
would constitute a three-dimensional space. We as humans
can move freely in the x, y-and z directions. (Is it true that
we can move freely in the three directions or are there
limitations?)
Einstein proved that there is a fourth dimension – time.
We are aware of this dimension but have no control over
it. We move along in time. We cannot move backwards in
time. Steven Hawking, the famous Cambridge physicist,
wrote about the arrow in A Brief History of Time. This
arrow always points forward.
Einstein’s superior insight lead him to the assumption that
nothing can move at a speed greater than the speed of light
in a vacuum. This speed is usually represented by:
c = 3 × 108 m/s
This is a very large speed. Nothing can be accelerated to
a speed greater than that. What happens to a body moving
near that speed? Let’s look first at what happens to time,
then to the mass of a fast-moving body and finally its
length.
Time on a clock carried by the fast-moving body

A simple formula gives the time, T, read on a clock carried
by the body (space ship) moving at speed v:

The Sun setting. Image: Bridget Farham

The twin paradox
The twin paradox is a famous illustration of time dilation.
Let’s say that one twin brother leaves Earth in a spaceship and travels at
95% of the speed of light (v = 0.95c). For the traveller v0 = 0.95c. The
other twin brother stays on Earth and the travelling brother returns after 32
Earth years have passed. The returning brother (the one who travelled) will
then be only 10 years older! Use the formulae given below to prove this!

T0

T =  1 – (vc )2
T0 = the time read on a clock on the spaceship.
Consider this relation – if the body carrying the clock
moves very fast and v is nearly equal to c then v2/c2 is just
smaller than one. The right hand side of the equation then
becomes T0 divided by a very small number and T on the
left side becomes very large.
We can now show that, while the clock on Earth registers
normal time (no change), the moving clock shows dilation.
This had been confirmed. Cesium clocks were flown
around the Earth on commercial aeroplanes and the dilation
registered was as predicted.
Mass and length are also affected by high speeds

The mass m of a travelling body at speed v increases from
m0 according to the relationship:
m0
1 – vc
m = 
The length, L, of the travelling body decreases from L0,
according to:
L = L0 (1 - v2/c2)1/2
2

2

In conclusion
If a body passes you as an observer on Earth at speed v0 near
to that of light (in a vacuum) then you would observe:
n The time on the moving body runs slower
n The mass of the moving body increases and
n Its length decreases.
At low speeds you would not see anything.
Remember – time is not reversible. The arrow of time
cannot be turned to point backwards. q
Jan Smit is Manager of the Science Centre, North West University
at Potchefstroom. He holds a DSc in Nuclear Physics.
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Achilles and the tortoise
& other paradoxes
‘In a race, the quickest runner can never overtake the slowest, since the pursuer must first reach
the point whence the pursued started, so that the slower must always hold the lead.’ Aristotle

Z

eno of Elea (490 – 430 BC) was a Greek
philosopher who put together a set of
philosophical problems that are generally known
as Zeno’s paradoxes. Achilles and the tortoise was
one of his paradoxes of motion.

Distance vs time, assuming the tortoise to run at half Achilles’ speed.
Image: Wikimedia Commons

Achilles and the tortoise. Image: Wikimedia Commons
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Achilles and the tortoise
Most people know the story of the race between the hare
and the tortoise. The hare assumed that because he was
much faster than the tortoise he could take a nap during
the race and still catch the tortoise. But the tortoise won
because he had a head start. This is a fable, usually ascribed
to another ancient Greek, Aesop.
In Zeno’s version of this story, Achilles is the hare and
he gives the tortoise a head start. But the tortoise still
always wins the race, however long the distance. According
to Zeno, however fast Achilles runs and however slowly
the tortoise plods along, Achilles can never overtake the
tortoise. But it turns out that Zeno was not quite correct –
and Greek mathematicians struggled with this because they
did not understand a basic concept of mathematics that we
all know now – one of the most basic algebraic formulae in
physics:
speed equals distance divided by time
The statement ‘will never overtake the tortoise’ is actually
wrong. The ever-decreasing distances that are being
considered with each stage – between points A and B and
between B and C and so on – also involve ever-decreasing
time intervals. So even an infinite number of stages does
not imply an infinite length of time. The stages all add
up to a finite time – the time it takes Achilles to reach the
tortoise. Adding up an infinite sequence of numbers does
not have to lead to an infinite result. An infinite number
of stages can be completed in a finite time and the tortoise
will be reached and overtaken, as logic insists. The solution
relies on the mathematical concept of a geometric series.
Look at the following example:
1 + 1/2 + 1/4 + 1/8 + 1/16 + 1/32 ...
You can see that you can keep adding smaller and smaller
fractions for ever, with the total getting closer and closer
to the value 2. You can try this yourself, by drawing a line
and then dividing it in half, then taking the right-hand side
and dividing that in half and so on until the fractions are
so small that you can no longer mark them separately on
paper. If half the line is one unit in length, then by adding
successive fractions – see the geometric series shown – we
converge on the total length of two units.
Think about the paradox this way. Don’t consider the
points at which Achilles and the tortoise have each arrived
at any stage of the race. Rather think about the ever-

❚❚❚❙❙❙❘❘❘ Mathematics

decreasing gap between them. Both Achilles and the tortoise
are moving at a constant speed, so the gap between them
is decreasing at a constant rate as well. As an example, if
Achilles gave the tortoise a 100 m start and then catches up
at 10 m per second, the distance between them is halved
after 5 seconds. The remaining distance is then halved after
2.5, what is left is halved after 1.25 seconds and so on. So,
if Achilles is catching the tortoise up at a rate of 10 m per
second then he will overtake it in 10 seconds, which is the
time he needs to close the initial gap of 100 m to zero. This
value of 10 seconds is just the number we would get if we
add up 5 seconds + 2.5 seconds + 1.25 seconds + 0.625
seconds and so on until the next number we add is so small
that we stop at 9.9999 ... seconds.
The dichotomy paradox
‘That which is in locomotion must arrive at the half-way stage
before it arrives at its goal.’ Aristotle
This next Zeno paradox disproves the reality of motion
itself – it is a variation on the theme of the pardox of
Achilles. Let’s state it another way:
‘In order to reach your destination you must first cover
half the distance, but in order to cover half the distance
you must first cover a quarter of the distance and in order
to cover a quarter of the distance, you must first cover an
eighth of the distance and so on. If you keep chopping the
distances in half for ever, then you never actually reach the
very first distance marker and so you never actually start
your journey.’
So why does this disprove the reality of motion? This
never-ending sequence of ever-shorter distances is infinite
– to complete the journey requires an infinite number
of tasks, so you can never finish. If you cannot start the
journey and would never finish it, then motion itself is
impossible.
Obviously this is wrong – but why? For a start, we need
to convert Zeno’s argument about distance into one about
time. To do this, assume that you are already moving at a
constant speed at the moment in time when you are at the
starting point of the journey you are going to take. Speed
means covering a certain distance in a finite time – Zeno
didn’t understand this concept well. The shorter the distance
you need to cover, the shorter the time interval needed to
cover it. But, whenever you divide the first number by the
second number, you always get the same answer – your
speed. By considering shorter and shorter distances that
must be covered for you to have started your journey, you
are also considering shorter and shorter intervals of time.
But time carries on, however we might want to split it up
artificially into ever-decreasing periods.
Thinking about time, rather than space, as a static line
that can be subdivided indefinitely is one way to think about
time, but in real life we do not see time as a static line in the
same way that we can see lines in space. In other words, we
cannot take ourselves out of time’s stream – time carries on
and so we move.
Add to this Newton’s second law – to make an object
begin to move, a force needs to be applied to it, so the object
accelerates from rest and is in motion. Once the object is
moving, as time goes by the distances covered are based on

The dichotomy paradox. Image: Wikimedia Commons

The arrow paradox. Image: Wikimedia Commons

the moving object’s speed, which doesn’t have to be constant.
So, in classical physics and mathematics we can dismiss
the dichotomy argument as abstract. But, in Einsteinian
physics life may not be quite as simple. According to
Einstein’s theory of relativity, time can be thought of in a
similar way to space. Einstein referred to time as the fourth
dimension of what is called space-time. So it is possible –
but not yet provable with conventional science – that the
flow of time is just an illusion and, if this is so, then so is
motion.
The arrow paradox
‘If everything when it occupies an equal space is at rest, and
that which is in locomotion is always occupying such a space at
any moment, the flying arrow is therefore motionless.’ Aristotle
The arrow paradox is also centred on the idea that true
motion is an illusion. An arrow in flight has, at any instant
in time, a certain fixed position. If we only see it at this
instant we won’t be able to tell if the arrow is in motion or
stationary. Time is made up of a sequence of consecutive
instants. In each of these instants the arrow doesn’t move.
Therefore the arrow is motionless.
But we know that this is not true because we see the
arrow move. Time can be considered to be made up of a
sequence of infinitesimally short ‘moments’ – think of these
as the smallest possible indivisible intervals of time. If all
these indivisable instants are not exactly of zero duration
(true snapshots) then the arrow will be in a slightly different
position at the start of each one from its position at the end
and so it cannot be said to be at rest. Conversely, if such
instants really are of zero duration, then it doesn’t matter
how many of them are side by side, they will never add
up to anything but zero. So Zeno’s argument that a finite
duration of time is just made up of a sequence of such
consecutive instants is wrong.
It was not until Isaac Newton and others in the 17th
century developed the field of calculus that this paradox
was finally worked out. Calculus – as I am sure you know –
describes how to add up tiny quantities in order to describe
the idea of change correctly. q
If you enjoy maths and physics you must read:
Al-Kahalili J. 2012. Paradox – The Nine Greatest Enigmas in Science. London. Bantam Press.
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The dream of a
green economy
Without credible and relevant information to guide implementation, the
green economy could just be a pipe dream, says Constansia Musvoto.

T

he green economy, an ambitious economic approach
for a developing nation such as South Africa, is a tool
for achieving sustainable development. The philosophy
underlying a green economy is to reduce dependence
of economic development on increased consumption of, and
damage to, natural resources, while improving human wellbeing. Many African countries, including South Africa, have
adopted the principle of a green economy.
Globally, a green economy supported by agriculture (an
agricultural green economy) is highlighted as offering potential
solutions to the current social, economic and environmental
challenges that we face. These include food security, climate
change and increasing inequalities. The government of South
Africa recognises the potential role of agriculture, in particular
small-scale farming, in the country’s green economy and in
job creation. This is set out in strategies such as the National
Development Plan and the Green Economy Accord.
Although the potential benefits of a green economy are well
articulated, this is a theoretical concept which has yet to be
broadly implemented. For green economy aspirations to be
realised, the concept must be implemented and this occurs at
project level. It is only through implementing projects that the
18
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actual benefits of a green economy can be attained. Currently
most of the documented information on the green economy
in South Africa has been theoretical, with little information
on practice. So although South Africa and other African
countries have chosen the green economy development
trajectory, there is a gap between theory and practice.
An agricultural green economy
South Africa is very dependent on the agricultural sector,
both for local consumption and exports, making this
sector key in driving the country’s green economy agenda.
In the agricultural sector, implementing this concept is
not simple as it requires integrating agricultural practices
and philosophies and green economy principles. With
several green economy principles addressing diverse social,
economic and environmental factors and the many different
agricultural practices, for example organic agriculture,
conservation farming and others, there are many factors
to consider in implementing agricultural green economy
projects. Attempting to randomly integrate all the pertinent
issues would be daunting and likely to be discouraging.
And without any yardstick it is difficult to plan and

❚❚❚❙❙❙❘❘❘ Green economy

Practical experiences of farmers should inform
green economy project implementation
guidelines. Image: CSIR

implement a project with certainty, and it is impossible to
measure success or identify areas for improvement. Specific
information and guidance on how to implement a green
economy project in agriculture, or indeed any other sector,
would facilitate green economy implementation.
The CSIR has, in the last three years, been conducting
research to assess how agriculture could contribute to a green
economy in South Africa. A key objective of the project was to
contribute to closing the gap between green economy theory
and practice by developing guidelines for agricultural green
economy project design and implementation. The project
was conducted in partnership with the Limpopo Department
of Agriculture and small-scale vegetable farmers in the
Tzaneen municipality. These farmers provided case study
information for the research. Preliminary work identified the
availability of relevant and credible project-level information
as being critical for green economy implementation, with
two categories of information being vital: (i) contextual
information that builds an understanding of the green
economy and thus flexibility in its implementation; and (ii)
operational information that provides process-level guidance
on how to design and actually run a project.
A good understanding of the green economy
philosophy facilitates project design and
implementation
The green economy is built on certain ideals and a key
first step in successful implementation is understanding
what a green economy entails. Such understanding enables
informed application of the green economy concept to a
specific project context. Green economy implementation
guidelines have to provide this information. Furthermore,
a good understanding of how agriculture and the green
economy intersect is necessary, and this includes the
impacts of agriculture on the environment, including on
climate change and the role of agriculture in climate change
mitigation and addressing human needs.
Part of understanding the green economy context entails
appreciating farmers’ experiences, local and national
development priorities and aspirations. The guidelines
developed by the CSIR provide this information in a
succinct, easy-to-understand manner.

Process-level information
Process-level information provides specific guidance on how
to run a project and it minimises doubts and uncertainties.
The CSIR team showed that key process-level information
has to be provided in project design and implementation
guidelines as distinct operational steps. One of the steps
covers integrating both green economy and agricultural
factors into project-level principles, and using them to
define the objectives of a project. This includes production
practices, marketing, etc. Other steps relate to factors critical
for a successful green economy project, monitoring and
evaluating the performance of a project, and identifying a
project’s risks and challenges.
Making relevant green economy implementation
information widely available is key
For South Africa to move beyond intent and make the green
economy a reality, investments are needed, as well as policies
that focus on and promote green economy information
provision and capacity building. In addition, before investing
in necessities such as infrastructure and equipment, it is
necessary to build capacity to implement projects. Provision
of relevant information to those involved in implementation
(both directly and indirectly) is a key part of building capacity
to plan and implement projects. This is particularly important
given that the green economy is an emerging concept and there
is no experience to draw on when making the transition. The
agricultural green economy project design and implementation
guidelines developed by the CSIR with input from other
stakeholders provide a starting point for such an endeavour and
provide a base for government and the private sector to build
upon and distribute for wide use. q
Connie Musvoto holds a PhD in agricultural ecology and is a
senior researcher in the Natural Resources and the Environment
Unit of the Council for Scientific and Industrial Research
(CSIR). Her research interests include environmental change and
agriculture, the green economy and its role in enhancing rural
livelihood and economic opportunities, systems approaches for
managing agricultural landscapes and environmental impacts of
agriculture. She is currently leading a research programme on the
role of the agriculture sector in a green economy.
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NWU now developing trailblazing medicine
New pharmaceutical
technology that will not only
cure patients faster, but also
accelerate the development
of new medication by several
years, was recently launched
at the North-West University. This
technological breakthrough is
a first for the African continent,
with the NWU being one of a
few universities worldwide to
have such technology.
A multimillion-rand machine that can fill
hard gelatine capsules with liquid or gel
and seal them, was recently received by
Prof. Anne Grobler, director of the NWU’s
Centre for Preclinical Drug Development.
‘Four years ago we started talks with
Capsugel, a leading dosage form solution
and drugs delivery systems company,
about the possibility of adapting their
CFS1200 machine so that our local drug
formulations could be accommodated by
this instrument. We could reach agreement
and are proud to say that consequently we
have even attracted international interest in
the manufacturing of drugs.’
Grobler says a drug administered as
a liquid is generally absorbed by and
distributed in the human body faster,
therefore increasing the drug’s efficacy and
accelerating the patient’s healing period,
and through this development a capsule
form is also now possible. ‘The instrument is
taking us to heights that were never possible
before,’ says Grobler. The real breakthrough
is that we can now use a capsule to
administer therapeutic molecules that could
not effectively be administered orally in the
past. With this new dosage technology, the
way is paved for new medicines.
Dr Phillippe Peter, a chemical engineer,
PhD in Polymeric sciences, and project
head of Capsugel, who attended to the
installation, calibration and training on
the instrument in Potchefstroom, says the
manufacturing process of new drugs is also
thus shortened significantly. ‘With traditional

Dr Phillippe Peter and Prof. Anne Grobler. Image: NWU

techniques it takes approximately 20
years to get a new drug from a candidate
medicinal molecule to the shelves. This
is because various research phases are
involved – identification of the characteristics
of the illness concerned, the in vitro testing
phase, the preclinical phase where tests
are done on experimental animals, tests
on humans, the registration and the mass
manufacturing of the drug.’ ‘This instrument
replaces the human factor to such an extent
that new drugs can now be developed in a
significantly shorter period,’ says Peter.
NWU has also made its mark
internationally with the development and
patenting of a unique liquid delivery method
of medication – the Pheroid method.
Scientists at the NWU have so far developed
formulations for eight classes of medication
in a liquid formulation, but had to fill the
capsules manually. ‘The human factor can
cause mistakes, cause a slow manufacturing
process and contamination can occur. This
apparatus is definitely one of our flagship
instruments and can increase the quality
of life of many people. We look forward to
taking years of hard work to even higher
levels with the development of a liquid

The gel capsules. Image: NWU

dosage form,’ says Grobler.
According to Grobler, the instrument
was funded by commercial interest
and government support and there is
already a possibility that the NWU and
an international partner will manufacture
new drugs that could be available on the
shelves soon.

Cosmic glasses for space exploration
How are asteroids and planets formed from stony particles? This
question is being explored in an experiment by scientists from
the universities of Münster and Braunschweig, Germany. For the
investigation, Fraunhofer researchers have developed beads made
of a special type of glass. They form the composition of the rock
particles as naturally as possible on a small scale.
According to current knowledge, many planetary bodies were
formed through the merger of chondrules – which are silicate
beads that are 0.1 - 3 mm wide. But, how does this cosmic rock
formation process work?
The scientists have developed a special glass for the project
and formed tiny beads from it to represent the chondrules as
realistically as possible.
‘This glass is very different from the material composition of
technical glasses with which we are usually working,’ explains
Dr Martin Kilo, Head of Glass Unit at the ISC. The chemical
composition of a glass determines certain physical properties such
as the melting and crystallisation behaviour. In the first approach,
rough glass gravel is prepared, sifted to the right size and then
rounded out by thermal treatment. The second solution is to cut
glass plates into small cubes and to grind them mechanically –
very similar to the marble production.
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They are placed in a drop tower – a 120 m high steel drop tube –
in which a high vacuum is kept. The glass beads are shot through a
catapult sytem in a capsule to the tip of the drop tube. As a result,
approximately 9.5 seconds of weightlessness are achieved – the
same conditions as in space. During this period, the glass beads are
heated up to 1100ºC. The researchers then investigate how the beads
merge, whether the
clusters are composed
of a homogeneous
composition or
whether the form of
the individual beads is
still recognisable, and
whether and to what
extent crystallisation
results.
Source: Fraunhofer-Gesellschaft

Cosmic beads.
Image: Fraunhofer ISC
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More than flavour for food
Catherine Kaschula tells us about the chemistry of garlic.
‘Let food be thy medicine and medicine be thy food’ – Hippocrates

C

hemists have long been attracted to substances
with strong odours, sharp tastes and marked
physiological effects. Investigations over the last
century have shown that the odorous substances
in garlic belong to a curious group of small sulfur-rich
compounds. In some respects, these compounds mimic
an important sulfur-rich compound found in cells called
glutathione, and they compete with it to bring about these
physiological effects. These odorous compounds only
form when the garlic clove is damaged (crushed), and
it is thought that the plant produces them as a chemical
defence against invasive threats. In an intact clove, a
cysteine sulfoxide compound called alliin is separated
from an enzyme called allinase. However when the clove is
crushed, alliin and allinase come into contact to chemically
react, and to create a strongly pungent and biologically
active compound called allicin. Allicin is reactive, and two
molecules can come together to transform into a number of
stable secondary sulfur compounds which include ajoene.
The transformation of allicin to ajoene can happen very
slowly at room temperature or in the fridge but happens
quickly if allicin is heated (cooked).

Freshly crushed garlic. Image: Wikimedia Commons

Cooked or aged garlic. Image: Wikimedia Commons

Garlic belongs to the lily family, and the botanical name
Allium sativum is derived from the Celtic word ‘all’ meaning
pungent. Originating from Central Asia, the use of garlic
in food preparation and as a medicine is documented in
earliest recorded history spanning some 4 000 years.
In 1858, Louis Pasteur recognised garlic to be a natural
antibiotic. In fact during both the world wars when drugs
were scarce, garlic earned the name ‘Russian penicillin’ as it
was used to treat infections. Besides fighting bacteria, garlic
carried the reputation during the Dark Ages of warding off
vampires and the plague. The Codex Ebers, an Egyptian medical
papyrus dating about 1550 BC, gives more than 800 therapeutic
formulae, of which 22 mention garlic as an effective remedy for
a variety of ailments including heart problems, headache, bites,
worms and tumours. Indeed preserved garlic was found both in
the archaeological site of Knossos in Crete, built in 1800 - 1400
BC, and in the tomb of King Tutankhamen dating to 1500 BC.
Garlic has been used historically as a stimulant. In fact,
a number of yoga and ayurveda practices today discourage
garlic intake for this reason. Garlic was fed to the Egyptian
labour force involved in the building of pyramids to
maintain and increase strength, and given to the Olympic

contestants in Ancient Greece to enhance performance. It
was also fed to Roman soldiers and sailors to aid in strength
and endurance. Part of the stimulating effect of garlic may
be through its ability to strengthen the immune system.
Many medicinal compounds are produced by plants as
chemical weapons against physiological threats, and these
compounds often also offer protection against cancer. It
has long been known that populations who consume large
quantities of garlic are at lower risk of developing certain
cancers, particularly those of the gastrointestinal tract.
This could be due to the immune-strengthening properties
of garlic, but may also be due to the ability of garlic
compounds to target and harm cancer cells. We have found
that ajoene accumulates within cancer cells. It brings about
death of the cancer cell by interfering with the folding of
newly synthesised proteins.
It is estimated that 60 - 80% of cancers are preventable,
as their causation is mainly due to external factors. Nature
has provided us with a number of tools that can help in the
protection against cancer, with garlic being one of them. q
Dr Catherine H Kaschula is a lecturer in chemistry at the
University of Cape Town. She has a particular interest in
harnessing the potential of natural products in the prevention
and treatment of cancer and works at the interface of
chemistry and biology to search for these answers.
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A typical tuckshop – note the Coca-Cola advertising! Image: University of Cape Town

Non-communicable diseases and

the possible role of the
school tuckshop

Do you buy your lunch from your school tuckshop? Are there healthy
options to choose from? Patricia Albers and Caradee Wright look at
the possible role of the school tuckshop and how it may affect the
burden of disease in South Africa in the long term.
Top 10 causes of death in South Africa (Norman 2000)
1. HIV/AIDS
2. Ischaemic heart disease
3. Stroke
4. Tuberculosis
5. Interpersonal violence
6. Lower respiratory infections
7. Hypertensive disease
8. Diarrhoeal disease
9. Road traffic accidents
10. Diabetes mellitus
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amie Oliver’s Food Revolution was a TV series in the
UK and USA in which Jamie visited schools and tried
to reform school cooked lunches. He wanted to change
children’s eating habits to help people live healthier
and longer lives. In South Africa, while some schoolchildren
do receive a cooked meal at school, it is more common that
schools have tuckshops which sell a variety of fresh and
packaged food products.
Non-communicable diseases (NCDs) are increasing
in South Africa and the world. NCDs are chronic, noninfectious diseases, for example heart disease, stroke,
diabetes, chronic respiratory disease and cancer. These
diseases are also termed diseases of lifestyle because of their
strong relationship between lifestyle factors, such as diet,

❚❚❚❙❙❙❘❘❘ Health
Body Mass Index
The Body Mass Index is calculated using the following formula:
BMI (kg/m2) = Mass (kg)
Height (m)2
The BMI is interpreted in the following way by the World Health
Organization (WHO):
< 18.49 			
underweight
> 18.50 < 24.99		

normal weight range

> 25.00 < 29.99		

overweight

> 30.00 			

obese

There are limitations to using the BMI to decide if a person is
unhealthy at a particular weight:
• It may overestimate body fat in athletic individuals and those
with a muscular build.
• It may underestimate body fat in those who have lost a lot
of muscle.

and the onset or exacerbation of the disease. Important
behavioural risk factors associated with these diseases
include diet, lack of physical activity, tobacco use and
detrimental alcohol use.
The main NCDs of concern in South Africa are heart
disease, diabetes, cancer and chronic respiratory disease
(Mayosi 2009). Research suggests that many young people in
South Africa make unhealthy lifestyle choices (Reddy 2010),
which suggests that the country can expect a rise in the
NCD burden over time.
The typical South African diet is very much a typical
Western diet, made up of calorie-dense foods such as fast
foods, snack bars, milk chocolate and sweet carbonated
drinks. This typical diet includes fewer unrefined
carbohydrates, fibres and fresh fruit and vegetables.
Furthermore, research indicates high levels of inactivity
among adults and school children in the country (Reddy
2010). Levels of overweight and obesity are also rising, with
about 70% of women and 35% of men over the age of 35
regarded as overweight (Bradshaw 2010). These estimates
were derived using the Body Mass Index (BMI).
People who are overweight or obese are at increased risk
for type 2 diabetes, hypertension (high blood pressure)
and heart disease. Two primary areas for risk reduction are
improved diet and increased physical activity. Starting with
healthy eating and exercise from a young age is important to
ensure a lifelong healthy lifestyle. School is the obvious place
for this to start.
Researchers from the South African Medical Research
Council conducted informal interviews, as part of a pilot
study, with owners of tuckshops at one primary and two
high schools in Pretoria. As a result of these conversations, it
was evident that at these tuckshops, owners were mindful of
poor diet choices and unhealthy foods. They tried their best
to provide healthier alternatives. However, the sales of highly
sweetened, soft drinks (such as iced teas and milkshakes),
chocolates and other unhealthy snacks remained high
and therefore a reason for concern, at least from a health
perspective.
Tuckshops are a place where children are able to chose
what to eat, but they need help from their parents/guardians
and teachers to make healthy eating choices. Schools should
also consider strengthening their nutritional education to
help children decide what to eat. Even though sales may
be driven presently by the demand for unhealthy foods,
tuckshops should try to provide greater choice of healthy

A typical fast-food meal of hamburger, bread roll and chips. A carbonated
drink is usually included. Image: Wikimedia Commons

products for children.
School tuckshops should also strive to improve the
available food and drinks choices, where possible providing
wholesome cooked food containing whole grains, fresh
vegetables and limited processed products. For example,
they could provide brown or whole-wheat bread sandwiches
instead of white bread sandwiches. Tuckshop owners should
also promote the sale of water rather than sweetened drinks
and provide healthy snacks such as fresh fruit, dried fruit
and unsalted nuts. Placing healthy products where they are
seen more easily may also help promote their sale. Lastly,
some schools in South Africa have started kitchen garden
projects to help provide fresh food to children who may
not be able to bring food from home. These gardens could
be expanded and the fruit and vegetables grown could be
sold for a nominal charge at school tuckshops, raising funds
for the gardening and also providing healthy choices to
children. Children, schools and tuckshop owners need to
get creative and find innovative ways to support ‘Healthy
Choice, Healthy Life’ at the tuckshop. q
Patricia Albers is a Scientist at the Environment and Health
Research Unit, South African Medical Research Council
(SAMRC), Pretoria, South Africa. Her research interests
are personal solar ultraviolet radiation exposure, air quality
and NCDs. Dr Caradee Wright is a Specialist Scientist
based in the same Unit as Patricia at the SAMRC and also
an Extraordinary Lecturer at the University of Pretoria.
Her research focuses on personal solar ultraviolet radiation
exposure, personal dosimetry, health risk assessment and skin
cancer prevention.
Useful references
Mayosi BM, Flisher AJ, Lalloo UG, Sitas F, Tollman SM, Bradshaw D. 2009. The burden of
noncommunicable diseases in South Africa. Lancet 374(9693):934-47.
Reddy SP, James S, Sewpaul R, Koopman F, Funani NI, Sifunda S, Josie J, Masuka P, Kambaran NS,
Omardien RG. 2008. Umthenhte Uhlaba Usamila – The South African Youth Risk Behaviour Survey
2008. Cape Town: South African Medical Research Council, 2010.
Bradshaw D, Steyn K, Levitt N, Nojilana B. Non communicable diseases: a race against time. Parow, South
Africa: Medical Research Council; 2010. http://www.mrc.ac.za/policybriefs/raceagainst.pdf
Norman R, Bradshaw D, Shneider M, Pieterse D, Groenewald P. Revised Burden of Disease Estimates for the
Comparative Risk Factor Assessment, South Africa 2000. South African Medical Research Council. http://
www.mrc.ac.za/bod/faqdeath.htm
Woolworths Education Programme Healthy Tuckshop Guide: http://www.woolworths.co.za/store/fragments/
corporate/corporate-index.jsp?content=../article/article&contentId=cmp100903
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Quest: Science for South Africa

SBBFest in Thohoyandou.

At the SciFest 2015 in Grahamstown.

Tsepo Majake shows how Quest is
hitting social media and events.

Engagement
Female

Male

46%

54%

0.56%

Age

2%

13 – 17

12%

16%

18 – 24

16%

22%

25 – 34

5%

6%

35 – 44

5%

3%

45 – 54

2%

2%

55 – 64

5%

4%

65+

T

he magazine’s popularity has increased in the last
ten months, particularly with the venture into
social media. In 2015 Quest created Facebook and
Twitter accounts, with a combined following of

over 550.
Facebook statistics: Total page likes: 358 as of 26 January
this year. Activity peaks at 15h00 and 21h00.
We visited five provinces and participated in 13 science
events nationally. We sponsored some events, exhibited
and presented papers or ran workshops at others. The table
shows where we participated and the dates.
We also visited district offices where we met curriculum
advisors and subject specialists to discuss how Quest can be
used in the classroom and distribution challenges. The table
shows the districts we visited.

Engagement according to location
Country

Number

South Africa

343

United States

4

United Kingdom

3

New Zealand

2

Netherlands

1

Egypt

1

Australia

1

Sweden

1

Israel

1

Science promotion
We ran a competition based on a few articles on Quest at
the SciFest and Siziphiwe Nobebe, a Grade 11 learner from
St Thomas School in Kingwilliam's Town, won a Samsung
Tab 4-8 GB and 3G WIFI.

Districts visited
District

Province

Date

Johannesburg North

Gauteng

30 April

Johannesburg Central

Gauteng

5 May

Libode

Eastern Cape

8 June

Umthatha

Eastern Cape

8 June

Qumbu

Eastern Cape

9 June

Province

Number
136
182

Engagement according to provinces in SA

Mt Frere

Eastern Cape

10 June

Western Cape

Butterworth

Eastern Cape

11 June

Gauteng

East London

Eastern Cape

12 June

Eastern Cape

Metropole East
Metropole South
Metropole Central
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Quest and the classroom
The Quest content can be used to drive the Life Sciences,
Physical Sciences, Agricultural Studies, Geography, Mathematics
and Natural Sciences learning and teaching. The articles
should be used by both learners and teachers to contextualise
textbook-based content and to extend learners' knowledge
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Western Cape

KwaZulu-Natal

5

Western Cape

Mpumalanga

2

Western Cape

Limpopo

1

❚❚❚❙❙❙❘❘❘ ASSAf

Siziphiwe Nobebe with her prize.

At the SciFest 2015 in Grahamstown.

and understanding of how and where their knowledge can be
applied. To teach ‘rectilinear propagation’ without context only
benefits a small percentage who thrive in abstraction, but may
not see the material benefit of the acquired knowledge.
Quest can also be used in assessments as a reference
material or as a source for projects, assignments and
comprehension questions. The magazine helps to bring
abstract knowledge in the classroom in line with practical
application in society and assists the learner to make an

informed career choice decision.
Quest is also a technical tool to help improve science literacy
and literacy in general. The benefits of science literacy are
immense and most progressive countries invest in this exercise
to ensure that their citizenry is active in policy development and
innovation that responds to their needs. q
Tsepo Majake is the Education Liaison Officer in the Scholarly
Publishing Unit of the Academy of Science of South Africa. He
was formerly a school principal in the Western Cape.

Participation in science events
Province

Activity

Date

1. UP 100up project

Institution

Gauteng

Presentation 1 000 copies

11 March

2. Science Festival (SciFest)

Eastern Cape – Grahamstown

Exhibition- 4 000 copies

17 – 24 March

3. Eding International Science Festival
Limpopo and North West
Sponsored 5 000 copies
				

20 – 24 April
7 – 9 May

4. Mondi Science, career guidance
and FET Skills Centre

Mpumalanga

Sponsored 3 000 copies

4 – 8 May

5. Science Unlimited

North West

Sponsored 3 000 copies

12 – 14 May

6. Science Beyond Borders

Limpopo – Thohoyandou

Exhibition- 3 500 copies

10 – 15 May

7. Sci-Bono

Gauteng

Presentation 100 copies

20 May

8. Ikusasa-Lethu career guidance

KwaZulu-Natal

Sponsored 2 000 copies

23 June

9. 51st National Science Olympiads (SAASTA)

National

Sponsored top 100 winners

2 July

10. South African Association of Science and
Technology Educators (SAASTE)

Gauteng

Paper presentation 500 copies

6 – 9 July

11. Bright Minds (NSTF)

Sub-Saharan Africa

Sponsored Gold medallist

9 July

12. Association for Mathematics Education
National conference
of South Africa (AMESA)		

Conference bag inserts,
1 500 copies

29 June – 3 July

13. African Institute for Mathematical Sciences (AIMS) Western Cape

Science Week sponsor

14. Science and Technology Education Centre
(STEC) UKZN

KwaZulu-Natal

Science Week sponsor

15. ASSAf (Quest)

Gauteng – Mamelodi

Science lecture 3 000 copies

5 August

16. ASSAf (Quest)

Gauteng – Centurion

Science lecture 700 copies

8 August

17. Techno-X

Mpumalanga – Secunda

4 000 copies

3 – 7 August

18. School’s Improvement Initiative (SII) UCT

Western Cape

Symposium 300 copies

22 August

19. SAYAS conference

National

Exhibition

16 – 18 September

20. Science Unlimited – Grant Thornton

North West

Career guidance exhibition 300 copies

17 September

21. Science Forum South Africa

International

500 copies

7 – 9 December

22. World Record Attempt

KwaZulu-Natal

Sponsored 1 600 copies

24 October

23. Victor Khanye Municipality

Mpumalanga

Sponsored 400 copies

24. Science Centres

Nationally

Sponsored 800 copies

27 October
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Africa’s cichlids are famous for their ability to speciate in a very short time in order to adapt to their new environments. There are about 1 500
species of cichlids in the great lakes of East Africa and the vast majority are endemic.
Image: Creative Commons license – ‘Mbuna 2»’ by User:Haplochromis - Self-photographed. Licensed under CC BY-SA 3.0 via Commons - https://commons.wikimedia.org/wiki/File:Mbuna_2.JPG#/media/File:Mbuna_2.JPG

Stellenbosch University researchers receive R9.7 million for ‘Off the Beaten Track’ project
What happens when a geologist, a biochemist, an evolutionary
biologist and an ichthyologist get together and decide to write a
research proposal?
This may sound like the start of a bad joke, but in this instance
a novel combination of researchers from Stellenbosch University
and their international partners have pooled their expertise and
sourced R9.7 million (640 000 Euro) from the Volkswagen
Foundation in Germany for a unique three-year project.
The Volkswagen Foundation established the ‘Off the Beaten
Track’ funding initiative ‘for projects that pursue innovative,
extraordinary and cross-disciplinary lines of research that do
not fall under any other current funding initiative’. In order to be
eligible for funding, projects in this category have to fulfil stringent
requirements of scientific excellence.
Two researchers from Stellenbosch University, Prof. Dirk Bellstedt
(biochemist and geneticist) and Dr Woody Cotterill (evolutionary
biologist and geologist), are working with specialists in Germany
and Africa to develop a novel approach to reconstruct the evolution
of central Africa over the past 20 million years.
They will do this by combining next-generation DNA sequencing
of fish groups, such as Africa’s famous cichlid fishes, with high
precision rock dating of key landforms.
The proof-of-concept study is being conducted over a study
area of 300 000 km2 in northern Zambia and the south-eastern
Katanga Province of the Democratic Republic of the Congo. During
the past five to 30 million years, this region has undergone major
tectonic activities and break-ups.
In some rivers these breaks have formed waterfalls of up to
30 metres high, called knick-points, and so prevented dispersal
in ancestral fish species. These waterfalls have remained over
geological and formed geographical barriers, which have caused
fish to speciate upstream and downstream of these barriers.
Prof. Bellstedt explains: ‘Freshwater fish are locked into a
landscape that tightly constrains their ecology and evolution. Their
existence and distributions are entirely dependent on prevailing
drainage patterns, so their evolution over time has closely tracked
even the slightest of wetland changes’.
These tight links between landforms and aquatic biodiversity can
be exploited particularly well by Africa’s cichlids, because these fish
are known for their ability to speciate in a very short time in order
to adapt to a new environment. There are about 1 500 species of
cichlids in the great lakes of East Africa.
The combination of the genomic record of selected fish species
with accurate rock dating of the selected waterfalls will enable the
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researchers to reconstruct how and when the landforms evolved
on a much finer scale than they would have without the combined
knowledge.
For the past six weeks Dr Cotterill has been in the study area
with a team of geologists and an ichthyologist to sample fish and
rocks from above and below key waterfalls. They are Mr Frederick
Schedel, a PhD student in ichthyology from the Ludwig Maxmillian
University of München, and Dr Samuel Niedermann and his PhD
student, Mr Spiros Olivotos from the GFZ German Research Centre
for Geosciences in Potsdam.
Dr Cotterill says current knowledge of the tempo and mode
of landscape dynamics is surprisingly incomplete: ‘A detailed
knowledge of landscape evolution will establish the platform to
reconstruct details of palaeo-environments. Improved dating of
landscape evolution will significantly improve our understanding
of the palaeoecology and evolution of hominins, from the late
Miocene into the Pleistocene’.
Four postgraduate students from Stellenbosch University and
Lubumbashi University in the Democratic Republic of the Congo
will travel to Germany in January 2016 to receive training in the
latest next-generation sequencing techniques.
Issued by Wiida Fourie-Basson, media: Faculty of Science,
Stellenbosch University

With a drop of 35 metres and 100 metres across, the magnificent
Lumangwe Falls in North Zambia is the ideal sampling point to
investigate the speciation of freshwater fishes upstream and
downstream of the waterfall. Image: Stellenbosch University
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20

years of

Science for Society

The Academy of Science of South Africa (ASSAf)
celebrates its 20th year in the service of society this year.

A

SSAf was inaugurated in May 1996. It was
formed in response to the need for an Academy
of Science consonant with the dawn of
democracy in South Africa: activist in its mission
of using science and scholarship for the benefit of society,
with a mandate encompassing all scholarly disciplines that
use an open-minded and evidence-based approach to build
knowledge.
ASSAf thus adopted in its name the term ‘science’ in the
singular as reflecting a common way of enquiring rather
than an aggregation of different disciplines. Its members
are elected on the basis of a combination of two principal
criteria, academic excellence and significant contributions
to society.
The Parliament of South Africa passed the Academy
of Science of South Africa Act (Act 67 of 2001), which
came into force on 15 May 2002. This made ASSAf
the only academy of science in South Africa officially
recognised by government and representing the country
in the international community of science academies and
elsewhere.
The history
For about a century, two bodies aspired to the position of
being South Africa’s national science academy – the Royal
Society of South Africa (RSSAf), with a royal charter from
the United Kingdom, and the Suid-Afrikaanse Akademie vir
Wetenskap en Kuns (SAAWK), with a statute of the South
African Parliament.
With the dawn of democracy in the early 1990s, it was
generally realised that a new model was required. The
President of the Foundation for Research and Development
(FRD), now the National Research Foundation (NRF),
invited the RSSAf, SAAWK and the Science and Engineering
Academy of South Africa (SEASA) to plan a new Academy.
In 1994, a plan and a draft constitution were adopted. A
year later, 100 founder members had been elected, and the
Academy of Science of South Africa (ASSAf) was launched
as a voluntary association in 1996, with then-President
Nelson Mandela as patron.
When the ASSAf Statute was passed by the South
African Parliament as Act 67 of 2001, the SAAWK statute

ASSAf was formed in response to the need for an
Academy of Science consonant with the dawn of
democracy in South Africa: activist in its mission of using
science and scholarship for the benefit of society
was simultaneously revoked. ASSAf thus became the only
national science academy of South Africa. The Academy
was broad in its inclusion of all forms of empirical enquiry,
and differed from the previously existing bodies in having
a core mission of providing evidence-based advice to the
government and the nation, as indicated by the motto:
‘Science for Society’.
In 2001, the Department of Science and Technology
(DST) commissioned and funded the Academy’s first
consensus study, dealing with a strategic approach to
South African scholarly journals. The year 2004 brought
a breakthrough when the African Science Academy
Development Initiative (ASADI), led by the United States
National Academy of Sciences (US NAS), selected ASSAf
as a one of three intensive partners, guaranteeing generous
funding and mentoring for five to seven years. This,
together with steadily increasing funding from Parliament
administered by the DST, has led to the building of capacity
in the ASSAf secretariat, many further evidence-based
studies and forum-based activities, a large-scale scholarly
publishing programme, a strong international presence and
a wide acceptance of the Academy’s key role in the national
system of innovation. q
12| 1 2016
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Research helps intensify battle against TB
Preventing the tuberculosis (TB) bacterium from
producing its own vitamin could be key in the
battle against the disease, according to a study
done at the Faculty of Medicine and Health
Sciences (FMHS) at Stellenbosch University (SU).
As part of her recent doctorate in Molecular Biology, Dr Carine
Sao Emani of the Department of Biomedical Sciences at the
FMHS, found that it is possible to stop the TB bacterium from
producing the vitamin ergothioneine. Her study demonstrates that
the organism needs this vitamin to survive. Humans also need
ergothioneine for healthy brains, eyes and skin, and get it from
eating foods like mushrooms, beans and oats.
Sao Emani’s research showed that blocking the bacterium’s
ability to produce this vitamin could pave the way for the
development of a new drug, especially since totally drug-resistant
TB is on the rise.
To determine what would happen if the bacterium could no
longer produce its own ergothioneine, Sao Emani genetically
manipulated it in a laboratory which had similar features to those
of a human cell during active TB.
‘Sure enough, when the microbes could no longer produce their
own vitamin, they weakened and even died. We repeated this
experiment, this time placing the modified bacteria in conditions similar
to those found in human cells with latent TB,’ said Sao Emani.
‘We found that the microbes struggled to grow when their
nutrients were depleted. In other words, if a drug were to prevent
TB bacteria from making ergothioneine, it could be effective

against active as well as latent TB.’
By identifying the exact vitamin-producing enzymes in TB bacteria
and blocking their ability to produce each of them, Sao Emani said
they hope that this information will help drug companies to develop
medication that specifically targets these vitamin-producing enzymes,
thereby helping to cure active and latent TB.
‘Our finding is significant, since about a third of the world’s
population live with latent TB, making effective containment of TB
very difficult,’ said Sao Emani.
‘In a country where 80% of the population has latent TB – and
where HIV, diabetes, obesity, poor nutrition and alcoholism can
lead to high rates of reactivation of latent TB, a treatment like this
will truly be ground-breaking.’
Sao Emani says the next step will be to test the behaviour of
the modified bacteria in actual human cells and animal tissue
samples.
‘Once we are sure that bacteria deprived of their vitaminproducing enzymes struggle to survive in these cells, chemists may
be able to develop drugs that block the specific enzymes that we
have identified.’
‘Since we were also able to pinpoint exactly which of the
enzymes were most important for producing ergothioneine, these
drugs can now be tailor-made.’
The resulting drug regimen will likely be effective at lower doses
than existing medications and treatment periods will be shorter,
resulting in improved compliance, said Sao Emani.
Issued by Marketing and Communications Division, Faculty of
Medicine and Health Sciences, Stellenbosch University

An artist’s impression of the record-breaking superluminous supernova ASASSN-15lh as it would appear from an
exoplanet located about 10 000 light years away in the host galaxy of the supernova. Image: Beijing Planetarium/Jin Ma

Machine learning helps discover the most luminous supernova in history
Machine learning technology developed at Los Alamos National
Laboratory played a key role in the discovery of supernova
ASASSN-15lh, an exceptionally powerful explosion that was
570 billion times brighter than the sun and more than twice
as luminous as the previous record-holding supernova. This
extraordinary event marking the death of a star was identified by
the All Sky Automated Survey for SuperNovae (ASAS-SN) and is
described in a study published recently in Science.
ASASSN-15lh was first observed in June 2015 by twin ASASSN telescopes – just 14 cm in diameter – located in Cerro Tololo,
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Chile. While supernovae already rank among the most energetic
explosions in the universe, this one was 200 times more powerful
than a typical supernova. The event appears to be an extreme
example of a ‘superluminous supernova,’ a recently discovered
class of rare cosmic explosions, most likely associated with
gravitational collapse of dying massive stars. However, the recordbreaking properties of ASASSN-15lh stretch even the most exotic
theoretical models based on rapidly spinning neutron stars called
magnetars.
Source: Los Alamos

Self-paced learning, collaboration, creativity

the school of the future is now

C

hildren born during and after the nineties no
longer know a world without the internet.
Visiting the library to research a school project
using encyclopaedias has been replaced with
‘Google it’. There is no doubt that the development of
technology over a relatively short period of time has
transformed education and the way it is delivered.
It is widely accepted that the educational practices of the
traditional classroom are rapidly becoming outdated and
increasingly ineffective. Consequently, the development of
new learning and development strategies is urgently called
for, declares Star Schools CEO Atul Patel, strategies which
are radically different from those employed in conventional
classrooms and cater for the needs of the 21st century
educator and learner.
According to Patel, the 21st century classroom is a
collaborative and productive environment in which learners,
facilitated by their educators, develop the skills they will
require to meet the demands of the 21st century workplace.
As a supplementary education service provider that has been
delivering turnkey learning and development solutions to basic
education since 1968, Star Schools is well aware of the need
for an enhanced learning and development experience and
has been researching, developing and gaining maturity in the
virtual learning landscape for more than a decade.

30

12| 1 2016

‘It goes without saying that technology plays an integral
role in developing the features and functionality of the 21st
century classroom,’ Patel states. ‘This being said, the Star
Schools e-classroom model is based not on technology,
but on innovation and efficiency around the teaching and
learning experience.’
The core of the 21st century e-classroom constitutes a
social hub, he explains. ‘Collaboration is arguably the most
effective way to learn. The separation of learning from
development has been found to be restrictive to learners
and to inhibit their progress. Group learning, on the other
hand, enhances the scope of learning and promotes critical
thinking. Techniques that facilitate cooperation include
collaborative writing, group projects, team problem solving
and debating. These are key considerations in the design of
the 21st century e-classroom.’
Patel defines the 21st century e-classroom by its dynamic
learning processes, as opposed to the traditional linear
approach, which constitutes a structured, step-by-step
learning and development methodology with a definite
beginning and end. ‘This is one-sided in that input is
provided solely by the educator. Dynamic learning, however,
comprises a balance of learner and educator input, which
encourages the learner to take responsibility for his learning
performance.’
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Above: The core of the 21st century e-classroom constitutes a
social hub in which learners work in groups to complete projects
and activities that help them discover new skills.
Above left: Digital devices greatly assist in making teaching and
learning more engaging and effective.

‘It incorporates active and adaptive learning profiles.
Learners actively participate in learning by working in
groups to complete projects and activities that help them
discover new skills. Talking, listening, writing, reading and
reflecting play a significant role.’
‘Essentially, the classroom should be geared to promoting
the development of independent learners who are
responsible and resourceful in their decision-making,’ Patel
points out. ‘The more learners are encouraged to actively
participate in their own learning, the more self-directed and
responsible they become for their learning. These learners
encourage one another and work with their educators to
accomplish academic and behavioural objectives they have
helped establish.’
Collaboration should not be restricted to physical
proximity in the classroom, however. By enabling learners
to work online they can not only team up with partners in
the same location for a specific project, but also with those
located elsewhere.
‘In so doing the traditional classroom makes room for
a virtual learning environment. This opens up a whole
new world of exploration for the learner, which effectively
starts to blur their boundaries between working and having
fun,’ he adds. ‘Learners who are having fun don’t realise
they are working. Piquing their curiosity stimulates their
12| 1 2016
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Interactive e-books that incorporate digital and media-rich resources enable learners to experience anytime, anywhere learning. For
example, embedded links to videos provide educator-on-demand learning content, just as if the learner were in the classroom.

desire to know more, and the learning process happens
spontaneously.’
The ability to operate technology is a critical 21st century
skill. ‘Digital devices greatly assist in making teaching and
learning more engaging and effective,’ Patel says. ‘Learners
can bring their laptops or tablets to the classroom to
personalise their learning experience. Pen and paper make
way for readily available technologies, essential tools the
21st century learner needs to conduct online research and
master skills. These tools also enrich the teaching process
for educators and enable learning to extend beyond the
classroom walls.’
‘Learners who are encouraged to take an active interest
in learning are more likely to retain the knowledge they’ve
acquired,’ he continues. ‘Not all learners have the same
learning ability, which often makes it difficult for educators
to ensure that everyone understands the concepts. Adaptive
learning frees learners to learn at their own pace and in the
manner with which they are most comfortable.’
Growing the body of knowledge
The ability to connect with other learners is the most
important component in the success of a virtual learning
environment. Traditional teaching methodology relies on
educators to deliver the teaching and learning experience,
but in a virtual learning ecosystem, says Patel, access to
instantaneous support is often limited, which can inhibit
learners’ performance.
He proposes the use of an integrated range of
collaborative technologies that promote progressive levels
of learning and development, while providing a cooperative
matrix of proactive support between educators and learners.
32
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Star Schools offers eblox, a free social network specifically
developed to facilitate knowledge gathering and sharing
among learners and educators in a secure environment.
‘Following a quick and easy registration process, users can
create a personal profile and invite their friends to join the
network,’ Patel explains. ‘They can also create and join study
groups to discuss problem areas with educators and other
learners, write blogs, manage a personal calendar and use
the chatroom to exchange ideas with educators and other
learners in real time.’
‘Collaborating with other learners and educators
helps users better understand the learning material and
contributes to a growing body of knowledge,’ he notes.
Anytime, anywhere learning
Incorporating the senses in the learning and development
constitutes another way of providing flexible opportunities
for learners to learn. ‘Visual, auditory and tactile perception
are the key senses at play here. The development of
e-content endeavours to bring the experience of these
senses on to the flat screen of the digital device through the
utilisation of innovative technologies and strategies.
‘Interactive e-books that incorporate digital and mediarich resources enable learners to experience anytime,
anywhere learning. For example, embedded links to videos
provide educator-on-demand learning content, just as if
the learner were in the classroom. The videos enable the
learner to watch at his convenience, and pause and replay
information until he understands and absorbs the content.
‘Additionally, extra items the learner might need to
complete subject exercises and activities, such as a periodic
table for physical science and a scientific calculator for
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mathematics, are provided in electronic format.’
Personalisation, customisation and contextualisation
are critical components of the learning and development
process. ‘Learners must understand the relevance of
information to the modern-day lifestyle and be able to
integrate the learning experience with their everyday lives,’
Patel says.
He advocates incorporating the following fundamentals in
the learning and development process:
n Discover information – research and gather information
n Validate information – of all the information available,
discern which is correct and relevant
n Synthesise information – formulate the information into
a useful structure
n Leverage information – how to make use of the
information
n Communicate information – convey the information in
an understandable manner
n Collaborate using information – participate in discussions
via chatrooms, social networks and email to gather more
information
n Problem solve – present a valid and relevant solution.
An integral part of the teaching and learning experience
is assessment. ‘Formative assessment helps learners identify
their strengths and weaknesses and target areas that need
work,’ Patel explains. ‘It also assists educators in determining
where learners are struggling so that problems can be

addressed immediately.
‘Summative assessment aims to evaluate learning at
the end of an instructional unit by comparing their
performance against a predetermined standard or
benchmark.’
Star Schools has developed technologies to facilitate
formative and summative assessment among learners,
together with continuous learner tracking. ‘This enables
us to perform proactive interaction as well as ongoing
corrective action.’
Keeping up with the future
We live in a world where change is the only constant. In the
21st century, what is trendy and innovative today, is obsolete
tomorrow. The same can be said for learning. Dynamic
content incentivises learners to return to the programme
and build upon their newfound knowledge. Consequently,
in order to maximise the effectiveness of the virtual learning
ecosystem, it is critical to consistently monitor the teaching,
learning and management landscape and recommend
corrective action where appropriate and timeous.
The 21st century e-classroom is not restricted to the
conventional brick and mortar construction and does not
follow the traditional arrangement of desks and chairs in
tidy rows in front of a white board. Instead, in its design it
should adhere to the key requirements of social networking,
information gathering and information sharing. q
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Full scale model of T. rex. Image: Wikimedia Commons

Running faster than T. rex
A rare set of tyrannosaur footprints suggests that the
walking speed of these huge beasts means that humans
would have been able to outrun them. Estimates
suggest an ambling speed of around 8 km per hour –
something achieved by a middle-aged power walker.
The research comes from Scott Persons, a vertebrate
palaeontologist at the University of Alberta, Edmonton,
Canada, who says that fossilised tyrannosaur tracks
are rare, even where fossils are abundant. The newly
discovered trackway contains three footprints and was
found in 66-million-year-old rocks that formed along
an ancient shoreline in what is now Wyoming. The first
footprint is well preserved with three toes facing forward
and one short, thumblike toe facing backwards. This
marks the tracks as coming from a meat-eating theropod
dinosaur, according to Persons. The only theropods known

to have lived in the region at the time and large enough
to have made the 47 cm wide track, were tyrannosaurs –
possibly an adolescent T. rex. Whatever the species, the
creature had a ‘brisk walking speed’ says Persons. They did
this by estimating how high the dinosaur’s hips were from
the ground and then measured the distance between the
footprints and used an equation based on observations of
living, walking bipeds to estimate the dinosaur’s walking
speed at between 4.5 and 8 km per hour. However, this
estimate is based on a trackway, which is a record of a
single event, so it is unlikely to capture the beast’s peak
performance, says Persons. Other estimates in the literature
only put tyrannosaur’s speed at 11 km per hour – still
slower than a decent amateur runner. So, chances are, you
could have outrun a T. rex.
Source: Science News

Jupiter’s red spot
Scientists using NASA’s Hubble Space Telescope have
produced new maps of Jupiter – the first in a series of
annual portraits of the solar system’s outer planets.
This new portrait of Jupiter was produced from

Jupiter red spot. Image: NASA/ESA/Goddard/UC Berkeley/JPL-Caltech/STScI
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observations made using NASA’s Hubble Space
Telescope. Already, the Jupiter images have revealed
a rare wave just north of the planet’s equator and a
unique filamentary feature in the core of the Great Red
Spot not seen previously.
‘Every time we look at Jupiter, we get tantalising hints
that something really exciting is going on,’ said Amy
Simon, a planetary scientist at NASA’s Goddard Space
Flight Centre in Greenbelt, Maryland. ‘This time is no
exception.’
Simon and her colleagues produced two global maps
of Jupiter from observations made using Hubble’s
high-performance Wide Field Camera 3. The two maps
represent nearly back-to-back rotations of the planet,
making it possible to determine the speeds of Jupiter’s
winds. The findings are described in an Astrophysical
Journal paper, available online.
The new images confirm that the Great Red Spot
continues to shrink and become more circular, as
it has been doing for years. The long axis of this
characteristic storm is about 240 km shorter now than
it was in 2014. Recently, the storm had been shrinking
at a faster-than-usual rate, but the latest change is
consistent with the long-term trend.
Source: NASA
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Prehistoric hunter-gatherers – evidence of warfare
In 2012, archaeologists found the remains of at least
27 people, unburied and exposed to the elements
in Nataruk, near Lake Turkana in Kenya. Twelve were
relatively complete skeletons, while the others were
a jumble of bones. Out of those best preserved, the
archaeologists could tell that 10 had died violent deaths
– five from blunt-force trauma to the head (shown in the
photograph), and five from sharper wounds to the head
and neck, probably from arrows. The hand position of two
of the bodies suggested they had been bound up when
they died. The archaeologists worked out that they were
probably looking at evidence of warfare, in which one
group of people systematically killed members of another.
A massacre like this one wouldn’t be that unusual,
except for one thing: the Nataruk site is really old.
Based on radiocarbon dates from shells near the
skeletons as well as an examination of tools from
Nataruk and nearby sites – including some obsidian
blades still embedded in the skeletons – the massacre
occurred about 10 000 years ago, the team reported
recently online in Nature. At this time people around
Nataruk were still living in hunter-gatherer bands, rather
than in settled communities.
Many anthropologists believe that prehistoric huntergatherers didn’t engage in the kind of systematic
warfare on display at Nataruk, because they didn’t have
land or stores of food to fight over. The team proposes
two explanations: either the Nataruk people lived a more
settled lifestyle than scientists thought, or organised
warfare arose much earlier. The only way to know for
sure, the scientists say, is to find evidence of more
prehistoric massacres.

Source: Science News

A skull showing signs of blunt-force trauma. Image: Marta Mirazon Lahr
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Small beasts, small book
Insects of South Africa. By Mike Picker and
Charles Griffiths. (Cape Town. Struik Nature. 2015)

Insects of South Africa is the latest
in the Struik Nature series of pocket
guides and it certainly is pocket
sized. The inside front cover has line
drawings of the different insect groups
that allow you to quickly and easily
start to identify whichever ‘goggo’ it is
that you have found. Despite its size,
it is still biologically informative, with
an introduction to insect body parts
and insect life cycles introducing
the book. There are more species
of insect than any other group of
organisms on the planet and so
insects are an important group,
in both positive and negative
ways – positive in fields such as biological control of
pests and negative in the spread of disease and as
pests themselves. Insects are all around us – almost
impossible to ignore, but there are good places to
look for them if you want to find out more about them
and enjoy identifying them. The book not only gives a
brief introduction to this, but also suggests the simple
equipment you can use to make your study easier and
more rewarding.
There are over 100 000 species of insect in South
Africa and this book definitely makes the task of
identifying them easier, with descriptions of key family
groups, details of insect lives and the way in which they
interact with us and the environment.
There are full-colour photographs for each family
covered, with distribution maps for each species or
group – and excellent little book.
Practical veld ecology
Veld Management – Principles and Practices.
By Fritz van Oudtshoorn. (Pretoria. Briza
Publications. 2015)
The Briza series on ‘management’
contains excellent titles and
this is one of them. This is
practical ecology at its best – an
explanation of the theory followed
by how this theory is applied
in practice. Veld covers about
80% of our country and so is
an important natural resource,
providing many ecosystem
services that are vital to our
survival. Most veld is used for
livestock and game ranching,
but is also vital for biodiversity
conservation and recreation.
Good veld management
prevents land degradation and ensures sustainable
36
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food production. But this relies on knowing and
understanding ecological principles and veld
management practices – not always easy to acquire.
This book is the answer, simplifying a technical subject
with 380 photographs and illustrations and using simple
language to explain often complex ecological and
conservation principles.
The four chapters cover an introduction to the
subject and include current legislation around land
management, natural resources, as well as full
introductions to soil science, vegetation classification,
the biomes and climate, veld management principles
and veld management practices.
There are useful appendices, such as one on declared
weeds and invader plants, herbicides, disc pasture
calibration figures and herbivore graze and browse
equivalents.
Doing things in miniature
Practical Guide to Bonsai Styles of the World.
By Charles S Ceronio. (Pretoria. Briza Publications.
2015)
This is the third edition of
this useful and attractive
book, completely updated
with additional text and
full-colour photographs
throughout. The book is
a comprehensive guide
to more than 40 bonsai
styles, which cover the
traditional Japanese
and Chinese styles
as well as six unique
African styles. Each is
illustrated and discussed
in detail and there are
many line drawings and photographs showing the
characteristics and variations of each style.
The author ably describes bonsai composition and
design, showing how to provide a pleasing, but practical,
style. Basic art concepts are applied to bonsai – such
as line movement, form and shape, which are used to
create a particular bonsai style. Bonsai is more than simply
growing small trees – the different elements of the tree
– trunk, roots, branches – can be moulded to the correct
proportions, providing depth of field and harmony. Line
movement has different meanings, such as stability (a
straight line), excitement (a zigzag line) and so on.
Each style – hollow trunk, split trunk, gnarled trunk
and so on – is described in detail, providing the
information you need to create the bonsai. African
styles are the baobab, the Pierneef, the flat top, the
bushveld or natural, the wild fig and the Wonderboom
styles. All excellent additions to this ancient art.
Charles Ceronio has been designing bonsai plants for
more than 40 years and studied the art of bonsai under
the world-famous John Naka and is a co-founder of the
Pretoria Bonsai Kai.
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Science Centre Conglomerate – committed to
sharing scientific knowledge with the public
By Mathipa Sebitsiwa
The 17th Annual South African Association of Science and
Technology Centres (SAASTEC) Conference was hosted in
Mafikeng by the North West University Mafikeng Science
Centre from 16 to 19 November 2015. The conference brings
together delegates from various science and technology centres
in southern Africa in an attempt to share best practices,
knowledge, experiences and new methods of engaging with the
public in terms of scientific research and development. Some
of the participants in this year’s conference included delegates
from Kenya, Botswana and Namibia, with the majority being
from South Africa.
On the first day of conference David Kramer, president of
SAASTEC, welcomed everyone and introduced the keynote
speakers of the conference, which included Mr Isaac Ramovha
of the Department of Science and Technology. This year’s
conference focused on discussions around the recently
published Science Engagement Framework developed by the
Department of Science and Technology. Another prevalent
theme seen throughout the talks and presentations was the
experiences of science centres, incorporating the declaration of
2015 as the International Year of Light. Numerous experiences
where also shared on best practices for engaging with the
public from the perspective of various science centres. I
presented a talk on the Hartebeesthoek Radio Astronomy
Observatory’s (HartRAO) communication strategy and tools,
which involve taking full advantage of individuals’ learning
styles to design and implement activities and methods that
will allow us, as communicators, to reach our audiences in the
most effective manner. The talks sparked great interest and
interaction among the community, leading to lively question
and answer sessions.
One of the highlights of the conference week was the
celebration of the honorary membership of Rudi Horak,
manager of Sci-Enza at the University of Pretoria. Rudi Horak
has been in the science centre community for over 20 years
and has been called ‘the mother of science centres’ by her
colleagues. Her great contributions within the community
were acknowledged when she received a certificate of lifetime
membership with SAASTEC. She received many messages of
appreciation and well wishes for her new endeavours from
numerous people she had mentored within the community.
Although many of them were saddened by her retirement they
were even more appreciative of the efforts their ‘mother’ had
made in advancing the community through years of hard work
and knowledge sharing.
Throughout the conference week delegates were involved in
a hula hoop challenge. This was a very interesting competition
that kept delegates active and gave them a chance to have fun
as well. The tasks were to design your own science centre hula
hoop, take part in a ‘hoop off’ and then present the science
and physics behind hula hooping and its health benefits.
The various tasks took place at the end of each evening with
the finale being on the Thursday just before lunch. Here the
contestants who had won the “hoop offs” by being the longest
standing hula hoopers showcased their skills in front of a panel
of judges which consisted of learners. Ultimately the winners
were HartRAO taking home an electronics kit for their science
centre.
Mathipa is currently an intern at HartRAO through the NRF.
She has a degree in Environmental Studies from UCT and
thoroughly enjoys interacting with learners and writing. While
obtaining her degree she served on the Science Student
Council, was a tutor and ad hoc writer for the UCT Varsity
paper. Enriching others is one of her greatest passions.

The hula hoop challenge. Image: SAASTEC

Speaking at the SAASTEC conference. Image: SAASTEC
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SKA SA Human Capital
Development programme
celebrates 10 years of advancing
radio astronomy in Africa
A substantial grants initiative by SKA South Africa
has seen a continuous throughput of young people
in relevant study areas at all academic levels.

(Left to right) 1. A presentation being delivered by one of the delegates at the 2015 SKA HCD Postgraduate
Bursary Conference. 2. Dr Griffin Foster, Postdoctoral Fellow at Rhodes University. 3. A student explains his
research poster to a delegate at the 2015 SKA HCD Postgraduate Bursary Conference. 4. Lerato Sebokolodi,
Masters student in Radio Techniques and Technology at Rhodes University.

T

here is a good reason the Square Kilometre
Array South Africa Human Capacity Development Programme (SKA SA HCD) was launched
well before the country was even awarded
the project - creating the skills to construct, use
and maintain what will be the world’s largest radio
telescope is an astronomical project itself.
Over the past decade the HCD Programme has
more than lived up to its mandate. Established
in 2005, the programme was devised to provide
support at all academic levels, to ensure a continuous
throughput of young people moving into relevant
studies and research, and to put in place the required
supervisory and teaching capacity to support students.
“We started the HCD programme in 2005 just
after we started with the bid for SKA. At the time the
rationale was that there were probably less than ten
radio astronomers in Southern Africa, and if we wanted to present a competitive bid, be involved in the
design of the instruments and use it once it was built,

we needed to build our own expertise in South Africa
and the rest of Africa. The first intake were nine
students and now we take in more than 90 students
per year,” says Kim de Boer, General Manager: SKA SA
HCD Programme.
The programme itself consists of a research
capacity programme, a site capacity programme, a
schools and outreach programme; and a strategic
partnerships programme.
Over the past decade, the programme’s substantial grants initiative has awarded more than 721
grants, beginning with just nine in 2005. A total of 115
grants were awarded in 2015 alone.
The grants cover over 25 South African and African tertiary education institutions. 419 grants were
given to students and researchers in the physics,
astrophysics and astronomy field, and 302 to those in
the engineering field.
South Africans received 535 of the grants, while
133 went to other African nationals and 53 were
awarded to non-African nationals.
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A group photo of the delegates at the 2015 SKA SA HCD Postgraduate Bursary Conference.
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Reliably detecting dengue
fever
Tiger mosquitoes are indigenous to Africa
and Asia. However, they are increasingly
being found around the Mediterranean and
are bringing the dengue virus with them.
Some 20 000 people die from this disease
every year. Now researchers have developed
a novel test to detect dengue fever.
‘We’ve succeeded in developing
the first-ever antibody test for dengue
infections that is capable of distinguishing
between dengue and other flaviviruses,’
says Dr Sebastian Ulbert, Head of the
Working Group on Vaccine Technologies at
the Fraunhofer Institute for Cell Therapy
and Immunology IZI. ‘Since our test is also
based on detecting antibodies, it’s just as
cheap and easy to run as its conventional
counterparts.’
‘For our test, we produced special
antigens – using certain point mutations –
and altered the area of the antigens that
is the same for all flaviviruses, effectively
shutting it off. Antibodies are then unable
to bind at these now non-specific sites,
with the exception of the dengue-specific
antibodies that would otherwise have been
masked by the crowd,’ Ulbert explains. ‘So
now, if the test comes back positive, we
can be 100% sure that the patient has
been infected with the dengue virus’.
The researchers hope that their test will
hit the market around one year from now.
In a further step, they are working on ways
to differentiate between the four strains of
the dengue pathogen.

harmless. But in the first instance the
emergency services have to proceed on
the assumption of possible danger and
check whether they are dealing with an
improvised explosive device (IED) that might
blow up at any time. This involves getting
close to the luggage to inspect it. A system
that makes it possible to assess the danger
of the situation quickly – and also records
3D images of the contents and shape of
the luggage as well as of the surrounding
area – would make the specialists’
work considerably easier, speed up the
reconnaissance process, and minimise the
risk for the emergency personnel.
Since November 2014, researchers at
the Fraunhofer Institute for High Frequency
Physics and Radar Techniques FHR in
Wachtberg have been developing such a
system.
It comprises a multimodal sensor suite
consisting of a millimetre wave scanner,
a high-resolution digital camera, and a
3D environment monitoring system. The
components are contained in a housing
and mounted on a robot platform. Bomb
disposal engineers remotely control the
robot from a safe distance.
This lets the explosives experts quickly
assess the threat, and in future they will
also be able to preserve as much evidence
as possible about the bomb.
Source: Fraunhofer-Gesellschaft

Source: Fraunhofer-Gesellschaft

Police emergency personnel defuse a
suitcase bomb. Image: North Rhine-Westphalia State Office
of Criminal Investigation

The dengue mosquito. Image: Fraunhofer IZI

Remote-controlled robot
inspects suitcase bombs
Time and again, suitcases, bags or
backpacks left lying around unsupervised
cause a bomb alert. Admittedly, most
abandoned luggage items turn out to be

		

Review finds little evidence
behind speed reading claims
Courtesy of the Association for Psychological
Science and World Science staff
Learning to speed read seems like an
obvious strategy for making quick work of
all the emails, reports, and other pieces
of text we encounter every day. But a

Mr. and Mrs. Jones have three children, all under the age of
20, but none with the same age. Last year, the product of
the three ages was 224. This year the product of the three
ages is 360. What are the children's ages now?

Answer to Maths Puzzle no. 35:
With 33 in the middle, the other numbers are paired to give
sums of 66: 30 and 36; 31 and 35; 32 and 34. These pairs
are then arranged so that the sum of the three numbers on
every line equals 99.
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new report says the claims put forward
by many speed reading programmes and
tools are probably too good to be true.
Examining decades’ worth of research,
psychologists said they found little
evidence to support speed reading
as a shortcut to understanding and
remembering lots of text quickly.
The report, published in Psychological
Science in the Public Interest, a journal of
the Washington, DC-based Association for
Psychological Science, indicates that there
are no magic shortcuts when it comes to
reading.
Reading is a complex dance among
various visual and mental processes
and research shows that skilled readers
already read quickly, averaging 200 to
400 words per minute.
Some speed reading technologies claim
to offer an additional boost by eliminating
the need to make eye movements by
presenting words rapidly in the centre of
a computer screen or mobile device, with
each new word replacing the previous
word. The problem, researchers have
found, is that eye movements account for
at most 10% of the overall time we spend
reading – and eliminating the ability to go
back and reread previous text tends to
hurt overall comprehension.
The biggest obstacle, science shows,
isn’t our vision but rather our ability to
recognise words and process how they
combine to make meaningful sentences
and while some may claim prodigious
speed reading skills, these claims typically
don’t hold up when put to the test.
Research does show that skimming
– prioritising more informative parts of a
text while glossing over others – can be
effective when we are only interested in
getting the gist of it.
In fact, data suggest that the most
effective ‘speed readers’ are actually
effective skimmers who already are
familiar with the topic at hand and are
thus able to pick out key points quickly.
The one thing that can help boost overall
reading ability, science shows, is practising
reading for comprehension. Greater exposure
to writing in all its different forms provides us
with a larger and richer vocabulary, as well
as the contextual experience that can help
us anticipate upcoming words and make
inferences regarding the meaning of words or
phrases we do not immediately recognise.
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calculator! Mark your answer ‘Quest Maths Puzzle no. 36’ and send it to:
Quest Maths Puzzle, Living Maths, P.O. Box 195, Bergvliet, 7864, Cape Town,
South Africa. Fax: 0866 710 953.
E-mail: livmath@iafrica.com. For more on Living Maths,
phone (083) 308 3883 and visit www.livingmaths.com.

Join SANSA and become
a space ambassador!
• Engineers
• Technicians
• Space Science Researchers
• Mission Control Specialists
• Computer Scientists & Software Developers
• Earth Systems & Earth Observation Scientists
• Remote Sensing Technologists
• Data Administrators
• Post Graduate Students
• Facilities & Support Personnel
Check out our available
opportunities at www.sansa.org.za

South African National Space Agency
T- 012 844 0500 F- 012 844 0396
information@sansa.org.za . www.sansa.org.za

In Service of Humanity

