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In this issue of Quest we continue to explore 
what the Square Kilometre Array (SKA) means 
to South Africa and to science more generally. 

Over the past few decades we have come to 
understand much about the Universe – of which 
we are only a very, very small part. The Big Bang 
theory is well established in cosmology – the 
Universe expanded from an extremely dense, 
hot state approximately 13.8 billion years ago. 
We know that the Universe is still expanding – 
and accelerating as it does so. After the initial 
expansion, the Universe cooled enough for 
energy to be converted into the various sub-
atomic particles that we now know exist, such 
as protons, neutrons and electrons. In March 
this year another important sub-atomic particle, the elusive Higgs Boson, was 
finally tentatively confirmed to exist. We also know that most of the Universe 
is composed of a form of matter that we can only infer from its gravitational 
effect on other matter – so-called dark matter. We have a good understanding 
of the formation and collapse of stars, of the composition of galaxies – but 
through all this research – and the leaps of imagination and brilliance that 
were required – we have thrown up more and more fundamental questions. 
This is the beauty of science – the more questions we answer, the more 
questions we land up asking.

The SKA – here and in the other countries that will host arrays of radio 
telescopes – will allow us to spend the next few decades answering some 
of these fundamental questions. What is the nature of the dark side of the 
Universe? What is the origin of the most extreme events in the Universe? What 
is the nature of the highest energy particles in the Universe? What is the origin 
of the cosmic magnetic fields that confine these particles?

Essentially the SKA will act as a time machine – allowing us to look 
far back into time, to the very point of the origin of the Universe and 
to start to answer some of these questions. In the process, more and 
more questions will arise. Will we continue to be able to answer them? 
I don’t know – and perhaps it doesn’t matter if we never can, for it is 
appreciation of the wonder around us that is important. 

In the words of Seneca, writing in the first century, ‘The time will 
come when diligent research over long periods will bring to light things 
that now lie hidden. A single life time, even though entirely devoted to 
research, would not be enough for the investigation of so vast a subject 
... And so this knowledge will be unfolded through long successive ages. 
There will come a time when our descendants will be amazed that we 
we did not know things that are so plain to them ... Many discoveries 
are reserved for ages still to come, when memory of us will have been 
effaced. Our universe is a sorry little affair unless it has in it something 
for every age to investigate ... Nature does not reveal her mysteries once 
and for all’.

Bridget Farham
Editor – QUEST: Science for South Africa

All material is strictly copyright and all rights are reserved. Reproduction without permission is forbidden. 
Every care is taken in compiling the contents of this publication, but we assume no responsibility for 
effects arising therefrom. The views expressed in this magazine are not necessarily those of the publisher.
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Our Universe is truly magnificent, 
becoming ever more intriguing 
as astronomers take aim at the 

depths of space with their arsenal of 
quantitative tools. Astronomy is the 
never-ending quest for light – all light – 
capturing and decoding energy that 
spans the entire electromagnetic 
spectrum, from radio waves to gamma 
rays – that’s nearly 15 powers of ten in 
wavelength. Every object in the known 
Universe has energy and therefore emits 
some kind of light. Whether it is the 
hottest, most explosive event or the 
coldest, most inanimate whisper of a 
particle, there is always light. And each 
particle of light  carries information from 
the object that emits it to the receiver 
that catches it (that’s us), telling us 
something new about that object. 

A particle of light is called a photon.

And therein lies the magic – 
astronomers study and contemplate the 
Universe from afar. We have no hope of 

ever visiting the stars and galaxies we 
see, but we can gaze upon the light they 
send us and unlock their secrets (well, at 
least some of them).

Windows into the Universe
So, the Universe comes to us. 
Travellers through time and space, 
light from distant objects falls upon 
Earth every instant of the day, freely 
providing clues about the mysteries of 
the Universe. Since the time of Galileo 
and the invention of the telescope, 
astronomers have used instruments 
to capture photons of light. There are 
now telescopes on every continent, 
every corner of the Earth staring 
upward … and telescopes in space, 
orbiting the Earth, orbiting other 
planets and even telescopes that have 
left the Solar System to venture into 
the great beyond. And these scientific 
instruments are specifically designed 
to study a part (or band) of the 
electromagnetic spectrum acting as 
windows onto the Universe. ▲

 
▲

A cosmic perspective:  
Multi-wavelength astrophysics

Astronomers use many  
different tools to study and 
explain the wonders of our 
Universe. Tom Jarrett and 
Michelle Cluver explain  
how the electromagnetic 
spectrum and, through this,  
multi-wavelength astrophysics,  
is key to understanding  
our Universe.

Figure 1: NASA’s panchromatic view of the starburst galaxy 
M82, comprised of X-ray (Chandra), visual (HST) and 
infrared (Spitzer) imaging, reveals the supernovae winds and 
ejecta that are blown out from the disc of the galaxy where 
massive stars are prodigiously forming. Image: NASA
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By combining information from 
different bands, we can piece together 
the origin of the light we observe and, 
through rigorous computer simulations 
and modelling, reconstruct the physics 
that has produced the emission (see 
Table 1 in the box). This is how we 
study everything from the life cycle of 
stars to the formation and evolution of 
galaxies, to the grandest scales of all, 
the structure of the Universe itself – the 
great Cosmic Web. Astronomers study 
the Universe using every tool, technique 
and wavelength band at their disposal. 
This is what we call multi-wavelength 
astrophysics. In this article we showcase 
some of the most amazing objects 
discovered to date, how and why they 
look different depending on which 
wavelength band they are viewed in, 
and how modern scientific tools are 
used to study objects that are, essentially, 
infinitely far away from us in both time 
and space. 

The hidden universe
Our eyes are sensitive to the Sun’s light, 
the ‘visible’ region of the electromagnetic 
spectrum. This means that the other 
bands of energy are hidden, some only 
revealed in the last two or three decades 
by advances in detector technology 
and with the development of space 
telescopes. Since the atmosphere 
blocks out many harmful parts of the 
electromagnetic spectrum (e.g. X-ray, 
UV and infrared), space telescopes 
are essential for probing the ‘hidden 
Universe’. They can also provide 
superior resolution compared to Earth-
based facilities. The best example has 
to be the Hubble Space Telescope 
(HST), which is above the atmosphere-
induced ‘light wobble’ and so gives us 
spectacularly clear and deep ‘visible’ 
pictures of undiscovered worlds.  

In addition to the primary visual 
window, HST was also designed to 
be sensitive to part of the ultraviolet 
and near-infrared windows, helping 
us to unlock these hidden realms. But 
perhaps the most revolutionary space 
telescope, at least in terms of revealing 
a completely hidden universe, was the 
Infrared Astronomical Satellite (IRAS). 
Launched in the early 1980s, IRAS’s role 
was to study the ‘cool’ universe, the 
universe heated by ‘hot’ stars. Take the 
Orion Constellation for example – it is 
ablaze with both fire and ice. Have a 
look at Figure 1. In this constellation we 
find the Orion Nebula, a nearby stellar 
nursery full of baby stars of all sizes. 

Figure 2: The electromagnetic (‘light’) spectrum, spanning wavelengths from the radio to the gamma ray, 
nearly 15 orders of magnitude (powers of ten). Image: Wikimedia Commons

The electromagnetic spectrum

Table 1: The astrophysics of the electromagnetic spectrum

Type of Light Wavelength Astrophysics

Gamma rays 10-2 to 10-6 nm Explosions and powerful bursts; hot plasmas  
  and black holes

X-rays 0.01 to 10 nm Accretion discs and hot gas; pulsars and neutron stars;  
  black holes and  active galactic nuclei (AGN)

Ultraviolet (UV) 10 – 400 nm Young, hot stars; supernovae and quasars

Visible 0.4 to 0.8 m Intermediate stars, HI regions and the interstellar  
  medium (ISM)

Near-infrared 1 – 5 m Starlight from evolved, giant stars; supernovae; low  
  mass stars and brown dwarfs 

Mid-infrared  5 – 50 m Warm dust from the ISM; obscured supernovae; hot  
  dust from AGN; planets

Far-infrared 50 – 500 m Cold gas and dust from the interstellar medium 

Sub-mm/mm 0.05 – 10 mm Cosmic microwave background; cold, dense ISM

Radio >1 cm Supernovae; black holes and relativistic jets; neutral  
  hydrogen (21-cm emission)

Definitions
Black hole: a region of spacetime from which gravity prevents anything from escaping – even light 
does not escape – hence the name ‘black hole’.

Accretion disc: a structure that is in orbit around a central body, made up of gases and other matter, 
formed around black holes, nuclei of quasars and particular types of stars.

Pulsars: a magnetised, pulsating neutron star that emits a beam of electromagnetic radiation.

Neutron stars: a remnant star that can be found after the collapse of a massive star during a 
supernova event.

Supernova: a massive stellar explosion – expanding shock waves from supernova explosions can 
trigger new star formation.

Quasar: a distant, active, galactic nucleus that surrounds a massive black hole in the centre of the 
galaxy.

Brown dwarf: low-mass objects in space that cannot sustain hydrogen fusion. 
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The ones that are very massive and very 
hot are capable of heating the gas (fuel) 
and dust (star smog) that surrounds and 
envelops them. The whole sky is full of 
examples like this, a glowing sky – as 
viewed in the infrared window. All that 
energy (mostly ultraviolet) from the 
stars has been absorbed and re-radiated, 
most of it in the infrared window. Even 
though the gas and dust glows because 
of energy from stars, it is still very cold: 
20–30 degrees above absolute zero (that 
is cold!). Orion is fire and ice.

HST and IRAS were only the 
beginning. NASA and ESA have been 
launching space telescopes that smash 
through the atmospheric boundaries, 
including Fermi (γ-ray), Chandra (X-ray), 
GALEX (UV), WISE (mid-infrared), 
Spitzer (mid-infrared) and Herschel 
(mid-far-infrared). At longer wavelengths, 
ground telescopes such as the colossal 
machines ALMA (sub-mm) and the 
VLA and ATCA (radio) complete the 
full coverage of the electromagnetic 
spectrum. Let there be light! Incredible 
sights are now commonplace for 
astronomers. 

Figure 3 shows what a young star 
cluster, the familiar Pleiades, looks like 
seen through different lenses. 

How about a planetary nebula 
(PN)? Figure 5 shows the Ring Nebula, 
a particularly lovely type of PN. 
Although it may look like a planet, it 
is a dying star. Our own Sun is fated 
to become a PN someday (in billions 
of years time, so don’t worry just yet).  

What happens when a much more 
massive star comes to the end of its 
life? It explodes in spectacular fashion. 
And the resulting wreckage is nothing 
short of exquisite. Figure 7 is one of the 

best examples of a supernova remnant, 
Cassiopeia A, only recently discovered 
because it is buried within the birth 
cradle of the Milky Way – perhaps the 
finest illustration of a cosmic object that 
is completely hidden to conventional 
human investigation. Cassiopeia A is the 
remnant of a very powerful explosion, 
leaving behind one of the brightest 

radio-bright sources in the sky. 
But even that pales in comparison 

to our final example, for now we 
show not one star, but billions of stars 
all assembled into one magnificent 
galaxy, Centaurus A,

Feast your eyes on Figure 6, the 
galaxy Centaurus A. At the heart of 
this galaxy is a very active and hungry 

Figure 4: The Orion Constellation. (Left) As you see it: Orion’s Belt is at centre, Rigel in the lower right 
and Betelgeuse in the upper left; (Right) Orion glows brightly when viewed at far-infrared wavelengths: 
the emission arises from gas and dust heated by newly forming stars, deeply embedded within the stellar 
‘nursery’ cloud within which they are born. Image: SIRTF/NASA

Figure 3: The ‘Seven Sisters’, or Pleiades 
(M45), is a cluster of young, hot stars 
that formed some 100 million years ago. 
X-rays (and radio emission) reveal the hot 
‘coronal’ atmospheres, while the visual light 
is dominated by the hottest ‘B’ stars, some 
of which is reflecting off the original birth 
cloud material, most easily seen at infrared 
wavelengths. Image: http://coolcosmos.ipac.caltech.edu/cosmic_

classroom/multiwavelength_astronomy/multiwavelength_museum/m45.html

Figure 5: The Ring Nebula (M57) is a spectacular example of the metamorphosis of a planetary nebula –  
a solar-like star at the end of its ‘giant’ phase of life, shedding its outer layers to live out the rest of its existence 
as a tiny ‘white dwarf’.  Each panel represents a different energy regime: high to low, from left to right, in 
which the hot, ionised gas from the blown-out star is emitting from the visible to the infrared wavelengths like 
a mushroom cloud. Image: http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/m57.html

▲
 

▲
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supermassive black hole, wreaking 
havoc throughout its ill-fated host. It 
is so powerful that is blasts a great 
jet of material (energy and particles) 
a million light years out into space, 
creating its own intergalactic space 
weather. How did Centaurus A come 
to be such a monster? Using multi-
wavelength observations and computer 
simulations, astronomers have deduced 
that Centaurus A is the result of a violent 
gravitational collision and then merger 
between two different galaxies. A rather 
unfortunate end for two galaxies, but 
a delicious medley of mystery and 
intrigue for science.  Galaxies in general 
represent a great challenge owing to 
their size and complexity, demanding 
the full attention and resources of the 
astronomer, as we shall see next.

See yonder, lo, the Galaxy…
(quote from Geoffrey Chaucer. The 
House of Fame. 1380 – the first 
English use of the word galaxy.)

Galaxies used to be called Island 
Universes. They are the largest, most 
fundamental building blocks of the 
known Universe. The Milky Way is only 

one of untold numbers of galaxies that 
inhabit the known Universe. Regardless 
of their immense size, galaxies are 
created with a few simple ingredients, 
the most important being their fuel. It is 
the elemental hydrogen atom, with a 
little helium added in, that is the basis 
of all heavy element nucleosynthesis, 
or ‘starstuff’ that is forged in the centres 
of stars and – for the most massive 
stars – subsequent titanic explosions. 
Then there are smaller amounts of the 
heavier elements, which astronomers 
call ‘metals’. The catalyst is the force 
of gravity. Although gravity is relatively 
weak in comparison to the other forces 
of nature, it does have the unique (and 
vital) property of working over vast 
distances – in fact, gravity acts over all 
distances, from close to infinity. It is 
gravity that concentrates the hydrogen 
and metals into dense clouds from 
which stars may be born. But this will 
only happen once we add time – lots 
and lots of time. Relative to the human 
life span, a star is millions of times older. 
Stars such as the Sun can burn bright 
for many billions of years, while more 
massive stars, e.g. the hot stars you see 

in the Pleiades Star Cluster (Figure 3), 
burn much faster and may only live 
tens of millions of years. With these 
four essentials, a galaxy can form over 
100 billion stars, dancing and spiralling 
over eternity. Our own home galaxy, the 
Milky Way, is like an island in the great 
ocean of the cosmos.

Galaxy life cycles
It seems so simple, and yet galaxies are 
incredibly complex, with a ‘life cycle’ 
that is as dramatic as that of a human. 
Imagine tracking the life cycle of every 
star in a galaxy – it would be nearly 
impossible (certainly for the humble 
and relatively short-lived scientist).  
Instead, astronomers study galaxies by 
looking at the combined behaviour of 
similar populations that include older 
stars, intermediate-age stars and young 
(newly forming) stars. It is the study of 
galaxies, also known as extragalactic 
astrophysics, that depends so heavily 
on the information that is encoded 
within the electromagnetic spectrum. 
Any given window of the spectrum will 
provide only hints, and in some cases 
false leads, as to the underlying physical 
mechanisms that shape and evolve these 
great cosmic entities. We need the entire 
spectrum to understand how galaxies 
grow and age. This is most dramatically 
illustrated with a special kind of galaxy, 
the starburst galaxy, which literally 
appears to be exploding with young, 
massive star formation. 

Let us consider the curious case 
of M82, the nearest starburst galaxy 
to the Sun (a measly 12 million light 
years distant). It is part of a group of 
galaxies, called the M81 Group (since 
M81 is the most massive and dominant 
galaxy in the group, it gets the headline) 
and therein lies one of the clues to its 
strange state. As part of a group, it is 
subject to strong tidal forces from the 
other galaxies, notably M81. This force 
may compress the fuel, and coupled 

Figure 6: Centaurus A (NGC5128) is the nearest and most mysterious radio galaxy. Its strange appearance at visual wavelengths is due to a spherical 
distribution of old stars (the bright halo), bisected by a dark dust lane that actually glows in the infrared. Inside lives a monster! A supermassive black hole 
drives a powerful jet of particles and energy (seen in the X-ray and radio-synchrotron) that spans over 1 million light years, well beyond the galaxy itself. 
Image: http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/cenA.html

Figure 7: Cassiopeia A is an exceptionally bright radio-supernova remnant, deeply embedded within 
the Northern Milky Way, so much so that it is invisible at visual wavelengths. It is the result of a violent 
explosion, the death throes of a massive star. X-rays reveal the hot plasma from ejecta and the stellar debris; 
the mid-infrared glows from hot, shock-excited ionised gas, while the radio reveals electrons spiralling 
through power magnetic fields (synchrotron radiation) around the star.

Image: http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/casA.html
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with its relative wealth in hydrogen gas 
(astronomers refer to this as ‘gas-rich’) 
and current evolutionary phase (that is, 
its state of the life cycle), this little galaxy 
has ignited from within. M82 is forming 
stars at a prodigious rate, far faster than 
the Milky Way, for example, which is a 
galaxy much larger in size but not nearly 
as excited. 

How do we know this? After all, in 
the visual window, M82 is faint, small 
and unremarkable. This is the way it 
remained to our understanding until 
the infrared window was opened, 
thanks to the arrival of IRAS (and 
later, the next generation of cameras 
aboard the Spitzer and Herschel space 
telescopes), which first revealed the 
hidden action-packed party that M82 
is throwing with wild abandon.  

Today astronomers study galaxies 
such as M82 using a technique called 
the Spectral Energy Distribution, or SED 
(see Figure 8). The SED is essentially an 
energy balance diagram, showing where 
and how much energy is being released 
(and later captured by astronomers) 
across the electromagnetic spectrum. 
It is a close cousin to the method of 
spectroscopy, by which the light of 
astronomical objects is dispersed along 
the wavelength or frequency axis (e.g. 
atmospheric rainbows are nature’s 
‘spectrum’ of the Solar window). Using 

space telescopes, astronomers measure 
the light (and thus energy) in the bands 
that cannot be seen from the ground 
(due to Earth’s atmosphere), including 
the X-ray, ultraviolet, infrared and sub-
mm. Ground observations of the visual 
and radio spectrum of M82 complete 
the SED diagram. The SED shows that 
most of the light coming from young/
hot and intermediate age stars (UV to 
visual) is missing (!). But, actually, it has 
transformed to other bands, maintaining 
the energy balance that must be 
conserved. Photons from these bands 
have been scattered and absorbed, 
later re-emitted by molecules and small 
dust grains – in the mid-infrared – and 
most importantly, large dust grains – 
far-infrared and the sub-mm – where 
most of the luminosity escapes from 
M82. At the longest wavelengths, the 
radio window, light is created through 
a phenomenon called synchrotron 
radiation: electrons and other charged 
particles (also known as cosmic rays), 
created from the supernovae destruction 
of all those massive stars that M82 is 
boldly forming, are being hurled through 
the interstellar medium of M82, spiralling 
and accelerating along magnetic field 
lines, emitting over all wavelengths, but 
most prominently in the radio window. 
Synchrotron radiation is thus used to 
measure the ‘pulse’ of the underlying 

massive star formation. It is through 
the SED that the hidden secrets of M82 
are revealed: a sudden burst of star 
formation that will last some tens of 
millions of years, but really only a brief 
period in its full life cycle. And yet this is 
not the end of the story for M82. It will 
undergo further ignition events triggered 
by future close encounters with its big 
brother M81. 

Finally, let’s look at another method 
by which astronomers exploit their 
multi-wavelength data sets: colour 
combination, or panchromatic blending. 
And again M82 provides the most 
spectacular example. Figure 1 (on p. 
3) is a combination of imaging from 
the three Great Space Observatories 
of NASA: Chandra (X-ray), Hubble 
(visual) and Spitzer (infrared). This 
multi-dimensional portrait reveals 
something completely different from 
that of the SED energy-balance diagram 
– M82 has a powerful ‘superwind’ 
that is emanating from the nuclear 
region, blasting outward from where 
the stars are forming. The energy 
from supernovae (exploding stars) 
has concentrated in the core of M82, 
blowing a hole in the disc and forming 
an escape route along the path of least 
resistance (i.e. perpendicular to the disc). 
The superwind is most conspicuous in 
X-rays (blue colour in the image), arising 

Figure 8: The starburst galaxy M82, revealed in all its glory.  This galaxy is relatively small in size, but is bursting with newly formed, massive stars. It looks 
completely different when comparing across the electromagnetic spectrum (inset images). The central graph shows the Spectral Energy Distribution (SED), 
or the flux versus wavelength, which depicts how much energy is coming from each wavelength band. The total luminosity is dominated by the far-infrared 
emission: cold dust in the interstellar medium (ISM) absorbs light emitted at ultraviolet and visual wavelengths, warming the dust until it glows at infrared 
wavelengths. This is an example of how light (or energy) gets redistributed from one band to another. Image: NASA, SDSS, NRAO

▲
 

▲
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from hot plasma (gas) and synchrotron 
radiation, but the wind bubble is also 
evident in the infrared (orange-red) 
which traces warm dust and ionised 
gas that has been blown upward like a 
great tornado. M82 is truly amazing, but 
it is only one of billions upon billions of 
starburst galaxies that live and die across 
the cosmos.

Multi-wavelength astrophysics 
in the SKA era 
As much as we learn from the cosmos, 
we have only scratched the surface. To 
make a really significant leap forward in 
our understanding of the early universe 
and the energy and physics that shaped 
our corner of the cosmos, we need an 
innovative and revolutionary machine 
– just as we did with HST and IRAS in 
the last century. At radio wavelengths 
astronomers have access to diverse (and 
unique) science, key to understanding 
the deepest mysteries of the Universe. 
As a result, scientists and engineers are 
joining forces and embarking on an 
ambitious project: the construction of the 
most powerful radio telescope ever – an 
instrument so big that it requires entire 
continents for operation –the Square 
Kilometre Array (SKA). A multi-national 
effort, this vast collection of radio-light 
detectors spread throughout Africa and 
Australia, will begin science experiments 
in the next decade. A crucial part of the 
design, development and learning curve 
is building smaller prototypes, serving 
as ‘pathfinder’ systems, which will begin 
science observations in the next few 
years. The pathfinders are comprised 
of the Australian SKA Pathfinder 
(ASKAP), Apertif in the Netherlands, 
and here in South Africa, the MeerKAT 
array. Additionally, in South Africa 
we have a brand-new pre-pathfinder 
completed, KAT-7, which is leading 
the development of new technology 

and already producing exciting science 
results (see article by C Carignan). 
Although much smaller versions of the 
full SKA, the pathfinders will still be 
enormously powerful radio telescopes 
comprising cutting-edge technology 
and capable of groundbreaking science. 
And yet, like all radio telescopes, 
the full potential of the SKA and its 
pathfinders is only realised when used 
in conjunction with other instruments 
– that is to say, multi-wavelength 
astrophysics.

As we peer through the radio 
window, we see a hidden realm that is 
exceptionally important to 
understanding how the Universe 
grows to complexity: galaxies, stars, 
planets, life, and us. This is the cosmic 
fuel: hydrogen. Hydrogen is by far the 
most common element in the 
universe, and yet, paradoxically, it is 
very difficult to capture, measure or 
even observe in space – except at 
radio wavelengths, where the 21-cm 
emission of atomic hydrogen can be 
seen with sensitive radio telescopes. 

The 21-cm emission arises from a 
quantum mechanical effect related 
to relative ‘spin flip’ between the 
proton and the electron particles that 
comprise the atom.

A marvellous example of the hidden 
realm of the H-atom is shown in Figure 
8. On the left is a beautiful image of the 
M81 ‘group’ of galaxies as seen in the 
visual window. M81 is the big galaxy at 
the centre of this gravitationally bound 
grouping of galaxies. And our good 
friend, the starburst M82 (previously 
introduced in Figures 8 and 1), is near 
the top of the image. Now look at the 
panel to the right – this shows the exact 
same field but now you are viewing 
the distribution of hydrogen gas, 

unmistakably circling the galaxies (i.e. 
feeding them) and stretched between 
the group members. The hydrogen is 
getting sloshed around by the motion 
of the galaxies – a cosmic maelstrom 
stirred up by the gravitational tidal 
interactions. At the very least, both 
optical and radio windows are needed 
to figure out what is actually going on. 
And indeed, astronomers must employ 
the full multi-wavelength arsenal of tools 
to decode the life cycle of each galaxy 
in this dynamic and complex system; as 
with M82 (see Figure 9), clues are to be 
found throughout the electromagnetic 
spectrum.

Modern astrophysics, 21st century 
style, is a synergy of multi-wavelength 
instrumentation and observations, 
computer modelling and simulations, 
and the application of the scientific 
method by men and women 
throughout the world. The universe 
is far less hidden and dark with these 
new tools and techniques, revealing 
wonders that would have been 
inconceivable a generation ago. But the 
quest is far from over; multi-wavelength 
astrophysics raises as many questions 
as it answers. The Universe still holds 
many tricks up its sleeve and we all 
have so much to gain from harnessing 
the physics that steers the cosmos, and 
uncovering our origins. ❑

Prof. Thomas Jarrett is the South African 
Research Chair in Astrophysics and Space 
Science at the University of Cape Town 
(UCT).   His research has primarily focused 
on extragalactic science, including the 
evolution of galaxies, bulk flows and large-
scale structure in the local universe.  Before 
coming to UCT in 2012, he was based 
at the California Institute of Technology, 
where he worked extensively with space-
borne telescope missions, notably IRAS, ISO, 
Spitzer and WISE, forming expertise with 
large and complex data sets and archives.   
  Dr Michelle Cluver is an ARC Super Science 
Fellow at the Australian Astronomical 
Observatory in Sydney, Australia. She is an 
active member of the GAMA (Galaxy and 
Mass Assembly) collaboration, researching 
the WISE mid-infrared properties of galaxies, 
particularly those in groups. Her first 
postdoctoral position was at the California 
Institute of Technology using Spitzer Space 
Telescope data to study the evolution of 
galaxies in compact groups. She completed a 
PhD at the University of Cape Town in 2008, 
on the physics and fuelling of star formation 
in a unusual gas-rich disk galaxy. Michelle 
will rejoin the UCT Astronomy Department as 
a research fellow towards the end of the year.

Figure 9: M81 Group of galaxies is comprised of three major galaxies (M81, M82 and NGC3077) and several 
satellite galaxies. What is not revealed at visual wavelengths, however, is the intergalactic (or intergroup) 
medium of hydrogen gas. Only at radio wavelengths, specifically the 21-cm emission, can we see how the 
primordial (fuel) reservoir of gas binds the group together. 
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Nicolaus Copernicus
Nicolaus Copernicus was born in Poland on  
19 February 1473 and died on 24 May 1543. He was  
a mathematician and astronomer and was the first 
person to place the Sun at the centre of the Universe – 
which was called the heliocentric model of the Universe. 
His book On the Revolutions of the Celestial Spheres 
was published just before his death in 1543. This was a 
major event in the history of science and began what is 
called the Copernican revolution – removing the Earth 
from the centre of the Universe. This contributed greatly 
to the scientific revolution – the emergence of the 
modern scientific disciplines of mathematics, physics, 
astronomy, biology, medicine and chemistry.

One particularly important part of his heliocentric 
model was a realisation that observations of the Sun’s 
movements arise from the Earth’s movement and that 
the Earth rotates once a day on its fixed poles. However, 
not everyone agreed with his heliocentric model.

Galileo Galilei
Galileo Galilei was born in Italy on 15 February 1564 
and died on 8 January 1642. He was a physicist, 
mathematician, astronomer and philosopher. He has 
been called the ‘father of modern science’ and the 
famous modern physicist Stephen Hawking has said 
that Galileo is probably the single most important 
person in the development of modern science. 

One of his contributions to astronomy were 
improvements to the telescope, allowing better 
observation. It was Galileo who confirmed the phases 
of Venus, who discovered the four largest satellites 
of Jupiter – called the Galilean moons – and the 
observation and analysis of sunspots.

In 1604 he described Kepler’s supernova and 
detected that it was a distant star because it showed 
no daily movement. This went against the belief that 
the heavens were unchanging and was one of the 
reasons for his disagreements with the church and 
public opinion of the time. 

Galileo fully supported Copernicus’s heliocentric 
model, which lead to accusations of heresy from the 
Roman Inquisition in 1615. He was forced to recant and 
remained under house arrest for the rest of his life. 

Harlow Shapley and Herber Curtis and 
the ‘Great Debate’
Harlow Shapley was an American astronomer who lived 
between 1885 and 1972. In 1918 he estimated the size 
of the Milky Way Galaxy and the position of the Sun 
in the galaxy. In 1953 he proposed the ‘liquid water 
belt’ that is now known as the concept of a habitable 
zone or circumstellar habitable zone. This is the region 
around stars within which objects with enough mass 
and the correct atmospheric pressure could support 
liquid water at the surface. The number of planets with 
Earth-like composition orbiting within circumstellar 
habitable zones has been estimated at anywhere from 
500 million to more than 150 billion.

Shapley was involved in the ‘Great Debate’ with 
Herber Curtis on the nature of nebulae and galaxies 
and the size of the Universe on 26 April 1920. 
Heber Curtis (1872–1942) was another American 
astronomer. The issue that was debated was 
whether distant nebulae were relatively small and lay 
within our own galaxy or whether they were large, 
independent galaxies.  

Shapley thought that what we now call galaxies 
(then called spiral nebulae) are inside our Milky 
Way, while Curtis thought that these galaxies were 
far outside our own Milky Way and comparable 
in size and nature to our Milky Way. This was the 
start of extragalactic astronomy. It was Curtis who 
was correct, however, confirmed by Edwin Hubble’s 
discoveries in the Andromeda galaxy.

Edwin Hubble
Edwin Hubble (1889–1953), an American, played 
a vital role in establishing the field of extragalactic 
astronomy. 

He is regarded as one of the most important 
cosmologists of the 20th century. He formulated 
Hubble’s law – showing that the velocity with which 
a galaxy moves away from the Earth increases with 
its distance from the Earth – effectively showing that 
the Universe is expanding. He is also responsible for 
showing that there are multiple galaxies outside the 
Milky Way – that the Universe goes far beyond our 
galaxy. 

Early astronomers

Nicolaus Copernicus.  
Image: Wikimedia Commons

A replica of the earliest surviving telescope attributed to Galileo, on display 
at the Griffith Observatory. Image: Wikimedia Commons

The 100 inch (2.5 m) Hooker 
telescope at Mount Wilson 
Observatory near Los Angeles, 
California. This is the telescope that 
Edwin Hubble used to measure 
galaxy redshifts and discover the 
general expansion of the Universe. 
Image: Wikimedia Commons

Galileo Galilei.  
Image: Wikimedia Commons

Edwin Hubble. Image: Wikimedia Commons

FactFileQ
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In the 16th century, Copernicus 
realised that the Earth is not the 
centre of the solar system, but 

rather is in orbit around the Sun, 
in the same way as the other five 
planets that were known at the time. 
Copernicus’ realisation of this important 
fact removed our planet, Earth, from 
its privileged central position in the 
Universe. Then, in the early part of the 
20th century, Shapley showed that the 
Sun is not at the centre of the Milky 
Way but on the edge. Now it was the 
Sun that had lost its privileged position 
at the centre of the galaxy, called the 
Milky Way, that is home to it and the 
Earth. Two years later, Curtis argued 
with Shapley that the Milky Way is not 
unique, but is a galaxy among countless 
other galaxies – the Milky Way is only 
one spiral galaxy among countless other 
galaxies. Almost at the same time in 
1923, Hubble revealed that all galaxies 
are moving away from each other – the 
Universe is expanding.

All these revolutions in the way that 
we thought about the Universe were 
vitally important. However, we had 
not seen anything yet! In the early 
1970s, an Australian astronomer, Ken 
Freeman, in the appendix of the most 

Claude Carignan shows 
how South Africa will be 
at the cutting edge of 
astrophysics with KAT-7, 
MeerKAT and the SKA.

Figure 1: The electromagnetic spectrum showing the visible spectrum – the part that we can see.

Figure 3: Our neighbour, the Andromeda Galaxy.  
Image: ESA/NASA/JPL-Caltech/NHSC

Shedding light on   dark matter 

Figure 2: The MeerKAT precursor array, KAT-7. Image: Rupert Spann/SKA
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famous paper yet on the structure 
of discs in spiral galaxies, wrote this 
apparently minor sentence, ‘If the HI 
rotation curve is correct, then there 
must be undetected matter (dark 
matter) beyond the optical extent of 
NGC300: its mass must be at least of 
the same order as the mass of the 
detected galaxy (luminous matter)’. 
This sentence was the start of one of 
the greatest revolutions in the way 
in which the scientists involved in 
astrophysics think. By the end of the 
20th century, not only had we lost our 
position at the centre of the Universe, 
but we also discovered that the matter 
that we can see represents, according 
to the most recent measurements, 
only 4% of all the matter and energy 
present in the Universe. We live in a 
Universe of dark matter.

What is dark matter?
Essentially, dark matter is matter that 
emits no radiation. When we talk about 
luminous matter, we naturally think of 
radiation that can be perceived by our 
eye – what we can see. However, if our 
eye is mainly sensitive to yellow light, 
it is only because this is the part of the 
visible spectrum in which the Sun emits 
most of its light. This is because of the 
temperature at the Sun’s surface. If the 
Earth was in orbit around a cooler star 
that emitted most of its light in the red 
part of the spectrum, our eye would 
have evolved to be sensitive to that part 
of the spectrum. We would probably be 
able to detect infrared light, but could be 
blind to blue light.

Nowadays, the tools of astronomers 
allow them not only to detect the 
light visible to our eyes, but also the 
ultraviolet and infrared radiation as 
well as the photons that are emitted in 
the other parts of the electromagnetic 
spectrum (Figure 1) such as gamma-
rays, X-rays, microwaves and radio 
waves. Luminous matter is any kind 
of matter that emits radiation that we 
can detect regardless of the waveband. 
Dark matter, on the other hand, is any 
kind of matter that does not emit any 
detectable photon. We know it exists 
because it has a gravitational influence 
on luminous matter. In other words, 
our observations of luminous matter 
show that dark matter exists because 
dark matter can exert a gravitational 
force on luminous matter.

We need to use many types of 
instruments to be able to observe 
luminous matter in all parts of the 
electromagnetic spectrum. Most of 
us know about optical telescopes, 
which allow us to detect radiation 
in the visible part of the spectrum 
(blue to red) and in some infrared 
windows. But at shorter wavelengths 
(gamma-rays, X-rays, UV) and a good 
part at longer wavelengths (infrared), 
the atmosphere is opaque and does 
not allow the radiation to reach the 
ground. So we have to put telescopes 
in orbit above the atmosphere to be 
able to detect these radiations. Dark 
matter can be studied using radio 
waves – which is where KAT-7 comes 
in (Figure 2). This is an array of seven 
radio telescopes in the Northern 

Karoo, which is also a precursor to 
MeerKAT.

The importance of hydrogen
If we want to observe radiation from 
the stars, which emit mainly in the 
visible part of the spectrum, we use 
optical telescopes on the ground. But 
the gaseous part of the Universe is 
very important and most of that is 
made up of neutral hydrogen (HI). If 
we want to study this HI we need to 
use radio telescopes. Hydrogen does 
not emit visible light, but its radiation 
is detected in the 21-cm radio 
waveband. So, for an astronomer, 
hydrogen is considered as luminous 
matter – similar to the stars – because 
we can detect its radiation.

‘Dark matter’ may seem to be a 
strange concept – if we can’t see it, 
does it exist? However, there is no 
good reason why all types of matter 
in the Universe should emit detectable 
photon (remember that a photon is a 
particle of light). For example, for a 
star to be visible, its mass must be 
large enough to support 
thermonuclear hydrogen fusion in its 
centre. This is how the luminous 
energy of stars is produced – the 
energy that we can see. It may well be 
that during all the star formation 
processes that have taken place over 
the centuries, a large number of very 
small stars have been formed. These 
very small stars would have masses 
that were too small to produce light. 
These small objects could make up 
part of ‘dark matter’. ▲

 
▲

Shedding light on   dark matter 

Figure 6: The SKA precursor array: MeerKAT. Image: SKA
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Dark matter is any form of ordinary 
matter (neutron, proton, electron), 
called baryonic matter or the more 
exotic non-baryonic particles called 
WIMPS (weakly interacting massive 
particles) that does not emit any 
detectable photon at any wavelengths 
(UV, optical, infrared, X-ray, gamma-
ray, etc.) but that we know is present 
by its gravitational effect on the 
luminous matter that we can see.

There is also no reason either for the 
mass of a star to be correlated with the 
light. For example, very massive stars 
burn their supply of hydrogen fuel fast. 
They are very bright but at a price – 
they only last a relatively short time 
(millions of years).

On the other hand, small stars will 
burn their hydrogen slowly, will not be 
very bright but will last much longer 
(billions of years). The result? In the 
solar neighbourhood, stars that are more 
massive than the sun produce 95% of 
the light but it is the stars that are less 
massive than the Sun that provide 95% 
of the mass. This means that we need 
something other than light to estimate 
the mass of galaxies, and galaxies are 
the building blocks of the Universe.

Kepler and Newton to  
the rescue
Before measuring the mass of a galaxy, 
we have to understand the type of 
object that we are dealing with. If we 
look, for example, at our neighbouring 
galaxy Andromeda (Figure 3), we can 
see that it is made of a disc of stars.

If these stars were motionless, the 
law of universal gravitation says that 
they should all fall toward the centre. 
However, observations have shown 
that nearby galaxies are stable systems 
in equilibrium, which are neither 
in contraction nor in expansion. 
This means that another force 
counterbalances the gravity toward 
the centre. This force is the centrifugal 
force coming from the fact that the 
stars (and the gas) are in rotation 
around the centre of the galaxy.

So, if you manage to measure the 
rotation of a star (or of a gas cloud) at 
a certain distance from the centre, you 
then have a measure of the centrifugal 
force that maintains the star on its orbit 
and so a measure of the gravity exerted 
on that star. All you need to do now is 
to apply Kepler’s laws of motion and 
Newton’s law of universal gravitation to 
calculate all the mass inside the orbit 
of the object. These same laws can be 
used to measure the mass of the Sun 
using the orbital velocities of the planets 
in orbits around the Sun. So, even if 
dark matter is posing a serious new 
challenge to astrophysics, the physical 
laws used to study it were postulated 
more than 300 years ago by these two 
scientists who formulated their laws 
using their observations of the motions 
of the planets.

Neutral hydrogen (HI)  
as a probe
The part of the galaxies that can be 
seen by optical telescopes is the part 
where neutral hydrogen, the most 
abundant element in the Universe, 
was dense enough to collapse and 
form stars. By using the stars to 
probe gravity, we can measure the 
mass of galaxies in the inner regions. 
However, the disc of neutral hydrogen 
can be two, three, or four times larger 
than the stellar discs. Even if in these 
outer regions this disc is not dense 
enough to form stars, it takes part in 
the general rotation of the galaxies. 
Because of this, the disc can be used 
to probe the gravitational potential 
in the outer regions and measure the 
total mass (luminous and dark) all the 
way out to the edge of the disc.

Neutral hydrogen does not emit light 
but it emits radio waves at a wavelength 
of 21 cm. This is why we had to wait 
until the 1970s when radio telescopes 
became sensitive enough to detect it 
in the outer parts of galaxies. Figure 4 
shows the expected rotation curve for a 
galaxy if only the luminous matter (stars 
and gas) was present (A) and what we 
actually observed (B).

Using KAT-7, MeerKAT and the 
SKA to study dark matter 
In 2025, the SKA will spread its  
3 000 15-m dishes across nine African 
countries (Figure 5). While most of 
the antennae will be concentrated in 
the Northern Cape Karoo desert for 
sensitivity purposes, other antennae 
will have much longer baselines to 
allow us to see finer details in the radio 
images. The eight partner countries are 
Botswana, Ghana, Kenya, Madagascar, 
Mauritius, Mozambique, Namibia and 
Zambia. A year ago, South Africa started 
the construction of the precursor array, 
MeerKAT (Figure 6), which should be 
ready for science observations in 2016. 
With its 64 dishes, MeerKAT will be, 
until the arrival of the SKA, the most 
sensitive radio telescope array in the 
world in the 1.4 GHz frequency range of 
neutral hydrogen.

The dark ages
The SKA will penetrate what 
astrophysicists call the ‘dark ages’. 
In a Universe which is 13.8 billion 
years old, the dark ages is the period 
between the first light we receive from 
the cosmic microwave background 
(CMB), emitted  around 380 000 years 
after the Big Bang when the Universe 

Figure 4: Theoretical rotation curves of a spiral galaxy.

Figure 5: The distribution of the SKA’s antennae through Africa. Image: SKA
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became cool enough to let the photons 
travel all the way to us and the 
youngest galaxies that can be observed 
by the Hubble Space Telescope, 
some 10 -12 billion light years away. 
According to the current cosmological 
picture, the cold dark matter model, 
the subtle fluctuations in temperature 
seen in the CMB reflect ripples that 
arose as early, in the existence of the 
Universe, as the first nonillionth of a 
second (10−30 s.). It is these ripples that 
gave rise to the present vast cosmic 
web of stars, galaxies and galaxy 
clusters that formed in the heart of 
dark matter halos during the dark ages.

But, even before we can watch the 
first stars and galaxies forming with the 
aid of the SKA, we are able to study the 
properties of this illusive dark matter in 
nearby galaxies. We do this using the 
pathfinder array KAT-7 (Figure 2), which 
is made of  seven 12-m antennae, and 
has been in operation since December 
2010. We will be able to add the second 
step to MeerKAT in three years’ time. 

In March 2012, South Africa’s KAT-7 
telescope reached another major 
milestone by observing the radio 
emission from the HI gas in a nearby 
galaxy. The astronomers pointed the 
telescope towards a galaxy called 
NGC3109 – a small spiral galaxy, about 
4.3 million light years away from Earth, 
located in the constellation of Hydra 
(Figure 7). Since then more than 120 
hours of observations have been 
accumulated on NGC 3109 and the 
first scientific publication on neutral 
hydrogen using KAT-7 was published in 

the well-known Astronomical Journal.
Despite its relatively small size, 

KAT-7 was able to detect 40% more 
HI emission from NGC 3109 than the 
largest aperture synthesis telescope, the 
very large array (VLA) in New Mexico. 
This is because the telescope, being 
more compact, can detect HI gas on 
large scales that are not visible to the 
VLA. This shows that not only size 
matters – every telescope has a niche 
and KAT-7 is the perfect instrument to 
observe nearby galaxies, which have 
emission on large scales. Figure 8 shows 
the HI gas detected with KAT-7 for NGC 
3109, the dwarf galaxy Antlia and three 
background objects. Those observations 
allow us to derive the rotational 
velocities of NGC 3109 to a radius twice 
as large as that which was achieved with 
the VLA. It should be kept in mind that 
KAT-7 was built mainly as a test bed for 
MeerKAT and the SKA, so any scientific 
results that we obtain from this telescope 
are a bonus.

This is just the beginning. In less 
than three years, time has been 
allocated to observe 30 galaxies, for 
200 hours each using the 64 dishes of 
the MeerKAT telescope. These 6 000 
hours of observations will constitute 
the MHONGOOSE survey. It should 
allow us to reach unprecedented 
sensitivity and to explore even further 
the outer parts of galaxies and their 
dark matter content. 

The study of dark matter is a long-
term endeavour. We do not know 
yet what dark matter is made of. But 
even before being able to address 

this question, we need to know how 
much dark matter there is and how 
it is distributed. While 50 years ago 
we knew nothing of its existence, we 
are now starting to understand many 
of its properties. We know that dwarf 
galaxies are more dominated by dark 
matter at all radii than are the larger 
spiral galaxies, where dark matter 
dominates mainly over luminous matter 
in the outer parts of the spiral galaxies. 
We know that the distribution of dark 
matter is more spherical than disc-like. 
By increasing our knowledge of the 
properties of dark matter, the new 
radio telescopes being built in South 
Africa should unveil the last secrets of 
dark matter. ❑

Professor Claude Carignan is a South African 
SKA (Square Kilometre Array) Research 
Chair in Multi-Wavelength Astronomy in the 
Department of Astronomy of the University 
of Cape Town. He is also an Emeritus 
Professor at the Laboratoire d’Astrophysique 
Expérimentale (LAE) of the Département 
de Physique of the Université de Montréal, 
in Canada, and Associate Professor in 
the Laboratoire de Physique et Chimie 
de l’Environnement (LPCE) and in the 
Observatoire d’Astrophysique de l’Université de 
Ouagadougou, in Burkina Faso. 
  He is an expert on galaxy dynamics and 
dark matter. He has also been involved in the 
development of astronomy in Burkina Faso 
and in setting up the African Astronomical 
Society (AfAS). Prof. Carignan specialises in 
the study of mass distribution in galaxies, 
using both radio synthesis and optical Fabry-
Perot interferometric techniques.

Figure 8: HI gas after 120 hours of observations. The white 
contours at the top are for NGC3109 and those at the 
bottom are for the Antlia dwarf. The blue contours are for 
background galaxies.

Figure 7: This image shows that the galaxy NGC3109 is rotating with the blue toward the 
viewer and the red away. The rotation is used by astronomers to model the distribution of 
matter (luminous and dark) in the galaxy.
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The Square Kilometre Array (SKA) 
will be the largest group of radio 
telescopes ever put together. The 

total collecting area of this telescope 
array will be one square kilometre 
– hence the name. All these radio 
telescopes will be connected by high-
speed computer links to form a ‘giant 
machine’ – a machine that can probe 
deep into the Universe and far back 
in time. 

In the previous two articles (‘A 
cosmic perspective: Multi-wavelength 
astronomy’ (p. 3) and ‘Shedding 
light on dark matter’ (p. 10)) you 
have learnt that the electromagnetic 
spectrum and how we interpret and 
‘see’ this is key to the observations 
we can make in space. You have also 
learnt that we can only see part of 
that spectrum. Many objects in the 
Universe, such as black holes, are 

surrounded by dust – radio telescopes 
can see through this dust and map the 
object behind it. 

Neutral hydrogen
You have already seen that hydrogen 
is the most abundant element in the 
Universe, and that neutral hydrogen 
(HI) is particularly important to how 
we interpret what we see in the 
Universe. We use radio telescopes to 
detect HI. This is the basic material 
for growing stars – stars form when 
massive clouds of hydrogen collapse 
under their own gravity. HI was 
present in the Universe before the first 
stars and galaxies formed. This period 
was called the Dark Ages in the life 
of the Universe – because there were 
no stars to shine. After the stars and 
galaxies formed there was still HI in 
the Universe because not all the HI 
can be turned into stars. 

How do we detect HI? It does not 
shine, but it generates radio waves 
through what is called the ‘spin-flip’ 
transition. Each HI atom has one 
proton in its nucleus and one electron 
orbiting the nucleus. Each proton 
and electron has a ‘spin’. When the 
spins are in the same direction the 
atom is at a higher energy. If the spin 
is reversed, or flipped, the energy 

is lower. The difference in energy 
is now just enough to generate an 
electromagnetic wave that has a 
wavelength of 21 cm – so HI emission 
is often called 21-cm radiation. This 
wavelength is in the radio part of the 
electromagnetic spectrum.

SKA science – tackling the big 
questions about our Universe
When did the Universe begin? How 
did it start? What happened during 
the Dark Ages (see ‘Shedding light 
on dark matter’)? How did galaxies, 
clusters and voids form? What is 
the size of the Universe? Why is it 
accelerating and how fast?

Electromagnetic waves (visible light, 
radio and other wave types) all travel 
at the speed of light (300 000 km/
sec). Take the Sun as an example. It 
is about 150 million km away from 
us. The visible light waves that flood 
the Earth take about eight minutes to 
reach us. So if the Sun exploded, we 
would only see the explosion eight 
minutes after it happened. The nearest 
star to us after the Sun is about four 
light years away – which means that 
its light takes about four years to 
reach us. 

Our nearest galaxy is Andromeda. 
The light from Andromeda takes 

The Square Kilometre Array will be a ‘giant machine’ for probing deep into the 
Universe and far back in time. Professor Roy Maartens explains to Quest.

The accelerating Universe

The spin-flip transition.
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about 2.5 million years to reach us 
and Andromeda is part of our local 
group of galaxies. Most galaxies are 
much further away – the furthest 
galaxy that we can possibly receive 
electromagnetic waves from is about 
13 billion light years away – and there 
are about 100 billion galaxies in the 
part of the Universe that we can see. 
There are probably many many more 
galaxies that are too far away for their 
light to reach us.

The SKA and the accelerating 
Universe
The Universe is very big and it 
contains very many galaxies and stars 
that are very far apart. And that’s just 
the start of it. Not only is the Universe 
huge – it is expanding. This means 
that every galaxy that we observe is 
moving away from us. We are not 
the centre of the Universe – there is 
nothing special about the Milky Way 
and there is no centre to the Universe. 
If there are alien astronomers on other 
galaxies, they will also see that all 
galaxies are moving away from them.

Confused? Don’t worry – Einstein 
himself refused to believe this after 
he developed his theory of general 
relativity in 1915. General relativity 
replaced Newton’s theory of gravity 

– which was unable to explain the 
Universe. But Einstein thought that 
the Universe should be static, not 
expanding. Eventually the observers 
confirmed that it was expanding. 

And other physicists showed that the 
expanding Universe was perfectly in 
tune with general relativity. Einstein 
was finally convinced and accepted 
the expansion of the Universe. ▲

 
▲

The Karoo Array Telescope (KAT-7), is a 
7-dish radio array designed and built in 

South Africa, and located at the SKA South 
Africa site near Carnarvon. This is an image 

of the spiral galaxy NGC3109, which is  
4.3 million light years away from Earth. The 
green contours show the distribution of the 

hydrogen gas (HI), overlaid on an image 
of the same galaxy taken by an optical 

telescope. You can see that the HI emission 
comes from a much larger region than that 

seen by the optical image. 

Image: SKA South Africa

Left: An artist’s impression of the MeerKAT 
radio telescope dishes that are being built 
for the SKA site near Carnarvon. Image: SKA

General Relativity

In 1916 Albert Einstein published the 
theory of general relativity – which is still 
the best description of gravity that we have 
in modern physics. In this theory, Einstein 
brought together his theory of special 
relativity and Newton’s law of gravitation. 

In Einstein’s special theory of relativity, 
he showed that there is no such thing as 
absolute time and space because different 
observers in general measure different time 
intervals and distances. He showed that 
we can only make sense of the Universe 
around us if we combine space and time 
into four-dimensional spacetime. General 
relativity extends the special theory to 
include the force of gravity. This theory 
is the basis of our current model of the 
expanding Universe.

Albert Einstein in 1921. 
Image: Wikimedia Commons

Our nearest galaxy is Andromeda. The light from 

Andromeda takes about 2.5 million years to reach us 

and Andromeda is part of our local group of galaxies.
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But even this is not the end of 
the story. Science is full of surprises. 
Think about an expanding Universe 
of galaxies. The galaxies pull on each 
other through the attractive force 
of gravity. So the expansion of the 
Universe should slow down with time. 
Right? Wrong – in fact the expansion 
is speeding up. The Universe is 
accelerating – and has been for about 
the last five billion years. So what is 
pushing the galaxies apart? The truth 

is – we don’t really know. So we give 
it a fancy name: dark energy.

The best theory we have is that 
dark energy comes from the vacuum 
(empty space) between the galaxies. 
It is as if the vacuum exerts a 
repulsive force on the galaxies that 
overcomes their attraction towards 
each other. This theory seems to 
agree with observations – but we 
don’t understand how it works. It 
is even possible that dark energy 

is just a mirage – and instead it is 
Einstein’s theory of general relativity 
that is failing us, just like Newton’s 
theory began to fail at the end of the 
nineteenth century. This alternative to 
dark energy is called modified gravity.

The mystery of the accelerating 
Universe – dark energy or modified 
gravity – is one the main questions 
that the SKA will focus on. ❑

Professor Roy Maartens is a cosmologist. His 
research focuses on answering fundamental 
questions about the universe, including: 
The ‘dark energy’ problem – why is the 
universe expanding faster and faster? 
The smoothness problem – is the universe 
smooth on very large scales and how can 
we test this? The Einstein problem – when 
does the Newtonian approximation break 
down in cosmology and how can we detect 
this? He obtained his BSc and Honours 
degrees in physics and applied maths 
from the University of Cape Town and 
then won a Rhodes scholarship at Oxford 
University. He was awarded a PhD in 
cosmology by UCT. He currently holds the 
Square Kilometre Array (SKA) Research 
Chair in Astronomy and Astrophysics at the 
University of the Western Cape.

The best theory we have is that dark energy comes 

from the vacuum (empty space) between the galaxies. 

Mapping the neutral hydrogen (HI) in the Universe with the SKA to probe dark energy. As z (the ‘redshift’) 
increases, we are looking further away and further back in time. Credit: SKA

A brief history of the Universe. Image: NASA/R Maartens

Alpha Centauri –  
a star system

Alpha Centauri is a star system, made 
up of Alpha Centauri A and B and 
Proxima Centauri. This last star – which 
is also the least bright of the three 
– is the star that is closest to Earth. 
Proxima Centauri is a red dwarf that 
is 4.24 light years from Earth. It was 
discovered in 1915 by the Scottish 
astronomer Robert Innes, who was 
Director of the Union Observatory in 
Johannesburg

Alpha Centauri looks like a single 
object to the naked eye, but it is 
actually a binary star system. Its 
combined brightness makes it the third 
brightest start (other than the Sun) 
seen from the Earth after Sirius and 
Canopus.

The mystery of the 

accelerating Universe 

– dark energy or 

modified gravity 

– is one the main 

questions that the 

SKA will focus on.
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There are some fundamental 
questions that still need to be 
answered before we can say 

that we fully understand the Universe: 
What is the nature of the Dark Side of 
the Universe? What is the origin of the 
most extreme events in the Universe? 
What is the nature of the highest 
energy particles in the Universe? What 
is the origin of the cosmic magnetic 
fields that confine these particles? 

These are the questions that 
scientists are being asked to address 
by the major science and technology 

funding agencies around the world 
– they are serious questions for 
humankind. But before attempting 
to answer, we could (or should) ask: 
why are we asking these questions?

Our exploration of the cosmos 
has provided many answers about 
the evolution of our Universe and its 
structures – stars, galaxies and very 
large clusters of galaxies. But this 
understanding has forced us to ask even 
more fundamental questions about the 
nature of matter, the nature of fields 
and the nature of the particles that are 
contained in the Universe.

The nature of matter
The detailed observations of the 
cosmic microwave background 
anisotropies from the Planck space 
experiment have shown that we 
live in a Universe whose matter and 
energy composition is made up of:
n 4.9% normal matter – the standard 

particles and atoms and the known 
radiation that make up the world as 
we know it 

n 26.8% dark matter – an unknown 
form of matter known only for its 
gravitational effect 

n the remaining 68.3% is made up of 
dark energy – an unknown form 
of possible energy that is theorised 

to produce the accelerating rate of 
expansion of the Universe. 
We also know that all particles 

in the Universe must have a mass 
and recently a fundamental particle, 
probably the Higgs boson, was finally 
discovered at the Large Hadron 
Collider (LHC) at CERN near Geneva, 
Switzerland. This provides the answer 
to the nature of the visible part of our 
Universe – the 4.9% of total cosmic 
matter determined cosmologically by 
the Planck experiment. 

These are great successes in the 
history of science but leave us with 
other more fundamental questions, 
some of which are outlined at the 
beginning of this article. Answering 
these questions requires more large 
and sensitive experiments to provide 
definitive answers. The square kilometre 
array (SKA) is one of the ‘big science’ 
projects that will be used over the next 
few decades to help us to answer some 
of the most important questions on the 
nature of the ‘unknown’ in our Universe. 
Let’s see how.

SKA and the nature of the dark 
side of the Universe 
We have known about dark matter 
(DM) for 80 years – since 1933 when 
Fritz Zwicky proposed that it was 

The Square Kilometre Array: 
A path to unveil the unknown
Our exploration of the cosmos has answered many questions – but in the 
process, even more fundamental questions have arisen. Sergio Colafrancesco 
looks at how the SKA will help to answer these questions.

Definitions

Anisotropy: In cosmology, this is the word used 
to describe the uneven temperature fluctuations 
of the cosmic microwave background radiation – 
the remnants of radiation that filled the Universe 
immediately after the Big Bang.

Cosmic microwave background radiation: This is 
the thermal radiation that fills the whole of the known 
Universe almost uniformly.

The Planck space experiment: Planck is a satellite 
that was put into space by the European Space Agency 
(ESA). It is described as the ESA’s time machine because 
it is scanning for cosmic microwave background in 
the sky, looking back to the dawn of time, close to 
the Big Bang, about 13.7 billion years ago. Planck has 
analysed – and is still analysing – the cosmic microwave 
background and its tiny fluctuations that are the seeds 
of all structures in our Universe.

The anisotropies of the cosmic microwave background (CMB) as observed by Planck.  
The CMB is a snapshot of the oldest light in our Universe, imprinted on the sky when the 
Universe was just 380 000 years old. It shows tiny temperature fluctuations that correspond 
to regions of slightly different density, representing the seeds of all future structure: the 
stars and galaxies of today. Image: ESA, Planck Collaboration

The relative amounts of different 
constituents of the Universe.  
Image: Wikimedia Commons
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‘dark matter’ that made up the ‘missing 
mass’ budget necessary to explain his 
observations of the Coma galaxy cluster. 
When he calculated the gravitational 
mass of the galaxies within this cluster, 
he obtained a value at least 400 times 
greater than expected from their 
luminosity, which meant that most 
of the matter must be dark. Modern 
calculations get a smaller factor of 
difference, but still infer that most of the 
matter must be dark. 

Scientists are eagerly trying to detect 
DM particles in deep underground 
experiments by measuring the energy 
deposited by the DM particle when it 
hits normal atoms in a pure laboratory 
environment. However, no definite 
signal has been detected to date. 
However, cosmologists are able to look 
at the radio emission produced by the 

decay of hypothetical particles called 
neutralinos into elementary particles that 
decay further into electrons and 
positrons. This will provide detailed 
information on the nature of the 
fundamental DM particles that can be 
recorded by the SKA. The SKA will be 
able to record very weak radio signals, 
so this will probably be the only 
experimental set-up that could detect 
DM radio emission and so shed light on 
the elusive nature of DM – which is so 
fundamental to the existence of the 
Universe and its structures. 

Neutralinos are hypothetical particles, 
predicted by supersymmetry. In particle 
physics, supersymmetry is a proposed 
symmetry of nature that relates two 
basic classes of elementary particles: 
bosons and fermions.

The SKA and the origin of 
magnetic fields in the Universe
To generate radio emissions that we 
observe by using radio telescopes such 
as the SKA and MeerKAT, cosmic 
structures need high-energy particles 
(like electrons and positrons travelling at 
almost the speed of light). But there 
must also be a ‘field’ that these particles 
can interact within to produce the radio 
synchrotron emission. This is the 
magnetic field that every particle in the 
Universe experiences – we also 
experience this daily. However, nobody 
knows how this magnetic field is 
produced in the environments of 
galaxies. Therefore this observation 
brings us to another fundamental 
question: what is the origin of magnetic 
fields in the Universe? 

Synchrotron emission is the 
electromagnetic radiation that is 
emitted when charged particles are 
accelerated radially. In synchrotrons, 
it is produced using bending magnets 
and other sources of magnetic fields.

We know that stars, planets, galaxies 
and even diffuse interstellar gas are 
magnetised. This cosmic magnetism 
cannot be attributed to permanent 
magnets like the ones which come in a 
science kit, but to the motion of huge 
clouds of plasma which are electrically 
charged, which move within the cosmic 
structures we observe.

The challenge in studying cosmic 
magnetism is that while stars and 
galaxies can be seen directly by the light 
they emit, magnetic fields are invisible to 
even the largest telescopes. Astronomers 
thus need to employ a variety of 
indirect methods to study magnetism. 
For example, we know that synchrotron 
emission is produced when fast-moving 
electrons are trapped in magnetic fields, 
like planets caught by the Sun’s gravity. ▲

 
▲

The Higgs boson

The Higgs boson or the Higgs particle is an elementary particle that was originally 
theorised in 1964. It was tentatively ‘confirmed’ on 14 March 2013. It is named after 
the physicist Peter Higgs, who was one of several physicists who proposed that the 
particle must exist. 

In particle physics, the existence of the Higgs boson is necessary to explain why some 
fundamental particles have mass when the symmetries that control the ways in which they 
interact should mean that they have no mass. In particle physics, symmetry is a physical or 
mathematical feature of the system that is preserved under some change.

The existence of such a particle was so important to understanding the physics that 
underlies our world and the Universe that we are part of, that scientists have spent 40 years 
searching for the particle. The LHC was built specifically to search for it – and in the course 
of this search has also helped to answer many more questions about the nature of matter.

An image of the bullet cluster showing the DM (blue), hot 
gas (red) and galaxies (underlying) distribution. This image, 
courtesy of Marusa Bradac, shows dark matter (blue) 
separated from luminous matter (red). Image: Marusa Bradac

An example of simulated data modelled for the CMS particle detector on the Large 
Hadron Collider (LHC) at CERN. Here, following a collision of two protons, a Higgs boson is 
produced which decays into two jets of hadrons and two electrons. The lines represent the 
possible paths of particles produced by the proton-proton collision in the detector while the 
energy these particles deposit is shown in blue. Image: Wikimedia Commons/CERN
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If we see a body in the Universe that is 
emitting synchrotron emission, we know 
that this object must be magnetic, and 
we can use its properties to determine 
how strong its magnetism is and what 
direction a compass might point if we 
were near it.

One problem with this approach is 
that many magnetic objects in space 
are not energetic enough to produce 
detectable synchrotron emission. But 
we can study their magnetism using a 
remarkable effect known as ‘Faraday 
rotation’. In this effect polarised light 
from a background radio source is 
changed when it passes through objects 
in which significant magnetism is 
present. The change is subtle, involving 
the angle at which the vibrating light 
waves are inclined, but can be measured 
with radio telescopes, and can be used 
to calculate the strength of the magnetic 
field in the foreground object.

Studying cosmic magnetism in this 
way is relatively easy. However, it is 
often difficult to apply this technique, 
because only rarely does a random 
galaxy or gas cloud happen to lie in line 
with a bright background object, so that 
we can detect the consequent Faraday 
rotation and thus measure its magnetic 
properties. But because the SKA will 
be so much more sensitive than current 
radio telescopes, we can use it to 
revolutionise the study of magnetic 
fields in space. If we point the SKA 
at any part of the sky, we will detect 
radio emissions from thousands of faint, 
distant galaxies, spread like grains of 
sand all over the sky. These galaxies 
will be spaced so closely together that 
we can use the Faraday rotation of 
their polarised radio emissions to make 
detailed studies of the magnetism from 
all sorts of foreground objects.

Even if we want to study a relatively 
small cloud of gas, there will be 
hundreds of background galaxies 
whose light shines through it, allowing 
us to build up a detailed picture of 
the cloud’s magnetism.

This new technique will allow us to 
address many important unanswered 
questions. What is the shape and 
strength of the magnetic field in 
our Milky Way, and how does this 
compare to the magnetism in other 
galaxies? Is the overall Universe 
magnetic? If so, has the Universe’s 
magnetism affected the way in which 
individual stars and galaxies form? 
And ultimately, where has all this 
magnetism come from?

These are all questions we can 
hope to address with the unique and 
fascinating capabilities of the SKA. 
We know that there are magnets 
everywhere in space. But with the 
SKA, we will understand what these 
magnets look like, and where they 
came from.

The technology underpinning the 
SKA has then the potential to unveil 
the nature of the DM particles we 
have already discussed by detecting 
the radio emission produced by DM 
particle annihilation in galaxies and 
galaxy clusters. 

The SKA and the origin of 
cosmic rays
Magnetic fields inside galaxies and 
clusters of galaxies also have a 
property that allows them to confine 
plasma and high-energy particles – 
called cosmic rays. And intergalactic 

space is able to guide the highest-
energy cosmic rays as they pass 
through space to reach our planet. We 
observe these very-high-energy cosmic 
rays carrying the highest energies 
in the Universe, up to 1020 eV. This 
brings us to answer the next question: 
what is the origin of cosmic rays?

The protons that constantly smack 
into Earth’s atmosphere at near the 
speed of light get their huge energies 
from exploding stars – supernovae. 
– or from powerful jets coming out 
of black holes in the centre of active 
galaxies – active galactic nuclei. We 
have long suspected this, but direct 
evidence for the idea has been 
difficult to come by – until now.

Cosmic rays are any charged 
particles arriving at Earth from space. 
Nearly all of them are protons, and 
some have been accelerated to speeds 
higher than any achieved by a particle 

Optical image of the spiral galaxy M51 obtained with the Hubble Space Telescope (from 
Hubble Heritage), overlaid by contours of the total radio intensity and polarisation vectors 
at 6 cm wavelength, combined from radio observations with the Effelsberg and VLA radio 
telescopes. Image: MPIfR Bonn and Hubble Heritage Team
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accelerator on Earth. Although we 
have known about cosmic rays since 
1912, their origins have remained a 
‘100-year-old mystery’.

Possible sources of cosmic rays are 
the violent outburst of a supernova 
within our Galaxy, the Milky Way. 
The material blown out in the process 
moves so quickly that it creates a 
shock wave. Whenever a proton 
crosses the shock wave boundary, it 
gets a  powerful kick.

Because protons are charged, they 
can get caught in magnetic fields which 
carry them back and forth across the 
shock many times, like a tennis ball 
bouncing back and forth across a 
net. Eventually their energy gets great 
enough that they can leave the shock 
region. This is a newborn cosmic ray.

Cosmic rays diffusing in the 
magnetised shock region produce 
radio emissions that can be detected 
with our radio telescopes. The SKA 
will be able to discover the sites of 
acceleration of these cosmic rays in 
every corner of our Galaxy, as well 
as in many thousands of external 
galaxies, thus proving the universal 
origin of cosmic rays and of the 
accelerating regions.

But magnetic fields can also 
deflect cosmic rays on their way 
to our detectors. By the time they 
reach Earth, their directions are 
totally scrambled, making it hard to 
determine their origin.

Thus, another approach to the 
problem is needed – and gamma 
rays provide it. We know that when 
the high-energy protons collide with 
low-energy protons further out, the 
violence of the collision indirectly 
creates gamma rays. These do not 
carry a charge and so travel in straight 
lines, unaffected by magnetic fields.

Because of the law of conservation 
of energy, the gamma rays produced 
during the proton collisions will 
have a minimum energy of around 
150 - 200 megaelectronvolts each. If 
lots of protons are colliding near the 
supernova remnant, there should be 
more gamma rays with that energy 
or higher coming from that region – 
and almost none with lower energies. 
That’s exactly what we are starting 
to see with gamma-ray telescopes 
such as Fermi and HESS. This is a 
characteristic feature that absolutely 
and uniquely tells us that what we 
are seeing are gamma rays from 
accelerated protons. The combination 
of the SKA and its high-energy 
relative, the Cherenkov telescope 
array (CTA), will tell us the complete 
story of the acceleration mechanism 
and the position of the most efficient 
acceleration sites in the Universe.

The SKA and the extreme 
accelerators in the Universe
This doesn’t explain the origin of all 
cosmic rays, however. Some of them 

are particles called muons or positrons 
instead of protons – and one specific 
class, the ultra-high-energy cosmic 
rays (UHECRs), require much more 
extreme acceleration mechanisms and 
are most probably produced from 
outside our Galaxy. This brings us to 
the last question we ask here: what is 
the origin of the extreme accelerators 
in the Universe?

Cosmic rays are energetic 
particles from deep in outer space 
– mainly protons, the bare nuclei of 
hydrogen atoms, plus some heavier 
atomic nuclei. They most probably 
acquire their energy when naturally 
accelerated by exploding stars. A few 
rare cosmic rays pack an astonishing 
wallop, however, with energies 
massively greater than the highest 
energy ever attained by human-made 
accelerators like CERN’s Large Hadron 
Collider. Their sources are a mystery.

Nature is capable of accelerating 
elementary particles to macroscopic 
energies. There are basically only 

The Cherenkov Telescope Array (CTA) 

This will consist of two arrays of telescopes in the 
two hemispheres, allowing full coverage of the sky. 
The telescopes will be ground-based very-high-energy 
gamma-ray telescopes. The southern CTA will cover 
about 10 km2 of land with around 100 telescopes that 
will monitor all the gamma-ray energy ranges towards 
the centre of the Milky Way and the galactic plane. 
The northern CTA will cover 1 km2 and be composed 
of 30 telescopes. These telescopes will be targeted at 
extragalactic astronomy.

Artists impression of conceptual design for the Cherenkov telescope array (CTA).  
Image: Wikimedia Commons

▲
 

▲
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two ideas on how this happens: i) in 
gravitationally driven particle flows 
near the supermassive black holes 
at the centres of active galaxies, and 
ii) in the collapse of stars to a black 
hole, seen by astronomers as gamma 
ray bursts (GRBs). In active galactic 
nuclei (AGNs) the black holes suck 
in matter and eject enormous particle 
magnetic jets, perpendicular to the 
galactic disk, which could act as 
strong linear accelerators. As for GRBs, 
some are thought to be the result of 
the collapse of supermassive stars – 
hypernovae – while others are thought 
to be collisions of black holes with 
other black holes or neutron stars. 
Both sources are extragalactic and both 
require the existence of very powerful 
jets of plasma ejected at speed similar 
to the speed of light. It is possible that 
the UHECRs are accelerated in the 
immediate vicinity of the very massive 
and compact central object (say the 
BH) and then they acquire extremely 
high energy that allows them to escape 
the acceleration region, travel through 
the intergalactic magnetic field and 
reach the top of the Earth’s atmosphere, 
where they produce a shower of 
lower-energy particles and associated 
emissions that can be detected with our 
telescopes. 

The SKA will be able to shed light 
on the nature of the jets in external 
AGNs, and especially the nearby radio 
galaxies like Centaurus A, by observing, 
with extreme spatial resolution and 
sensitivity, the structure of the jet and 
their radio (polarised) emissions that 
will tell us (in combination with the 
CTA observations at the opposite end 
of the electromagnetic spectrum) both 
the location and the nature of the 
extreme accelerators in the Universe. 
But the SKA will also be able to observe 
the radio emissions generated in the 
atmosphere of the Earth by the particles 
produced in the shower initiated by the 
UHECR accelerated far in the Universe, 
thus reconstructing the whole picture 
(together with the complementary 
observations from CTA) of the extreme 
events in our Universe.

Epilogue
We have already discovered much 
about the origin and evolution of the 
Universe and we have reasonable 
confidence in describing its basic laws 
However, we are now faced with more 
fundamental questions. To answer 
these questions we need to maintain 

the humility of science and listen to the 
whispers of the Universe. ❑

Prof. Sergio Colafrancesco holds the DST/
NRF SKA Research Chair in Radio Astronomy 
at the University of the Witwatersrand 
(Johannesburg). He obtained his PhD in 
Astronomy at the University of Padua (Italy) 
and has been a staff Astronomer at the Rome 
Astronomical Observatory and a Professor in 
Astrophysics in Italy. He is widely recognised 
as a leading astrophysicist in various research 
fields like the search for dark matter, the origin 
of cosmic rays, the evolution of galaxy clusters 
and radio galaxies – AGNs, the physics of their 
magnetic fields, and of the cosmic microwave 
background. He has pioneered research topics 
such as the multi-frequency search for the 
nature of dark matter, models for cosmic ray 
production and diffusion and their impact 
on the multi-frequency emission features of 

galaxies and galaxy clusters, the effects of 
particle interactions with the CMB photons 
in the atmospheres of active galaxies 
and clusters of galaxies.  He is involved 
in several international projects: SKA, 
MeerKAT, RADIOASTRON, MILLIMETRON, 
PLANCK, PRISM, QUIJOTE, AGILE, Fermi, 
HESS and CTA.

Top: Cosmic rays of extremely high energy hit the Earth’s atmosphere and create showers of 
secondary particles, whose emission is detectable with both radio telescopes and gamma-
ray telescopes. Bottom: One of the most likely candidates for the emission of ultra-high 
energy cosmic rays (UHECRs) detected on Earth is the giant radio galaxy Centaurus A and its 
relativistic jets. Image: NASA
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The Square Kilometre Array 
is planned to be the largest 
radio interferometer array 

ever built. Needless to say, there is 
a lot of engineering that goes into 
the realisation of such an ambitious 
project, from the design of the 
antennas that convert the incoming 
cosmic radiation into electronic signals, 
to the construction of the necessary 
infrastructure such as roads that allow 
access to the site. To cover all these 
aspects in one article is an impossible 
task. Instead, we will focus mainly on 
one small aspect of the big picture, 
called the analogue front-end, or AFE.

Figure 1 is a simplified diagram of a 
general interferometer. 

You can think of an interferometer 
array as a large number of antennas 
that pick up radio waves – most likely 
radio dishes – standing in a remote 
location. These are only the first 
components in a very long receiver 
chain through which the radio waves 
propagate until they eventually reach 
the digital back-end. It is at this 
digital back-end that analogue signals 
are converted to digital signals by a 
component aptly called an analogue-
to-digital converter, or ADC. This 
allows further digital processing 
to be done at later stages, such as 
combining signals of different antenna 
stations in the interferometer array 
to produce images of the radio sky. 
Between the antenna and the ADC is 
a series of components that ensure 
the correct transfer of the analogue 
signals put out by the antennas to 
the input of the ADC. This section 
is called the analogue front-end – 
analogue because that is the nature of 
the signal during this stage, and front-
end because this is at the front of the 
receiver chain.

Figure 2 presents a more detailed 
view of the components that typically 
make up the analogue front-end. 
The first component is called a low-
noise amplifier (LNA). This starts by 
amplifying the typically very small 
signal that is received by the antenna. 
This is then followed by a filter, 

which removes certain unnecessary 
or unwanted components that are 
present in the signal, then a mixer 
which transforms the signal frequency 
spectrum to allow simpler processing 
at later stages, and finally another 
filter stage to remove any unwanted 
signal components that may have 
sneaked in at earlier stages. After this 
stage the signal is about ready for 
digitisation and is passed on to the 
ADC. We will now discuss each of 
these stages in a bit more detail.

Antenna
Radio astronomy is the way that we 
‘see’ celestial radio sources – that 
is celestial bodies that produce 
electromagnetic radiation within 
the radio frequency, or RF band of 
the electromagnetic spectrum. This 
frequency band extends roughly 
from 3 kilohertz up to 300 gigahertz. 
Unlike optical frequencies (around 
400–800 terahertz, more than a 
1 000 times higher than the highest 
RF frequencies) in which we are 
able to actually see electromagnetic 
radiation as visible light with our 
eyes, we cannot see RF radiation. 
So how exactly do we ‘see’ radio 
sources? This is where the antenna 
comes in – it transforms the incident 
electromagnetic waves into an 
electrical signal – current flowing 
through the terminals attached to 
the antenna – which we are able to 
manipulate, measure and analyse.

Antennas come in a variety 
of forms, ranging from a simple 
monopole antenna (a straight piece 
of wire, typically found on an FM 
radio) to parabolic reflector antennas 
(such as those used to receive satellite 
television). Each antenna is designed 
for a particular application. One of 
the factors that influences the size of 
the antenna is the wavelength at the 
frequency for which it is designed – 
the lower the frequency the larger the 
antenna. For example, a monopole is 
roughly one quarter of a wavelength 
in length, that is about 75 cm at  
100 MHz (more or less the centre 

‘Seeing’ radio waves
How can we ‘see’ radio waves? André Young and David Davidson 
explain the engineering components for the Square Kilometre Array.

Interferometry

Before reading the rest of this article, find ‘From theory 
to practice’, Quest 8(3) 2012 by Oleg Smirnov.

In that article, Oleg explains that interferometry 
is a way to massively improve the optical resolution 
of radio telescopes. To summarise, interferometry 
is a method by which radio or light waves that are 
received at two different locations are combined and 
the resulting interference pattern is measured. Careful 
measurement of this pattern allows us to achieve an 
effective resolution that is determined by the distance 
between the two locations – the baseline. In the 
1950s Sir Michael Ryle and his group at the Unversity 
of Cambridge developed a technique called aperture 
synthesis that used the principle of interferometry 
to combine multiple radio dishes into a single virtual 
telescope.

Figure 1: A simplified diagram of a general interferometer.

Figure 2: The components that make up the analogue  
front-end.
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of the frequency band in which FM 
radio stations transmit) and about nine 
times as short at 900 MHz (one of the 
frequencies used in cellular phones). 
For this reason cellular phones with 
built-in FM radios typically need 
headphones to be plugged in – they 
use the earphone cable itself as an 
antenna. This is because the antennas 
built into the phone for cellular 
communication are too small to 
receive FM radio transmissions.

In applications where very weak 
signals need to be detected, as is 
the case in radio astronomy, we use 
high-gain antennas. A widely used 
design, which falls in this category, 
is the parabolic reflector antenna, 
which consists of a large reflective 
surface – the main reflector – and a 
smaller antenna which is called the 
feed antenna. If you point the reflector 
antenna in a direction that means that 
a distant radio source is in line with the 
main reflector axis, the electromagnetic 
wave incident on the reflector surface is 
reflected so that all the power is focused 
at the focal point of the parabolic 
reflector. The feed antenna then absorbs 
this power at the focal point of the 
parabolic reflector. The main advantage 
of such a high-gain antenna is that 
waves incident from other directions 
(e.g. radio sources at other positions in 
the sky where we are not looking) are 
suppressed very strongly in the antenna 
output signal. An important property 
of an antenna, called the gain pattern, 
describes how well signals from various 
directions are received.

The ideal gain pattern of a typical 
parabolic reflector antenna is shown 
in Figure 3. 

The reflector has a diameter of 
13.5 m and the gain pattern is for a 
frequency of 1 GHz. In this figure 
we see that waves arriving from the 
direction θ = 0° (this direction is 
referred to as on-axis) are received 
with the maximum gain of the 
antenna, and as the direction of arrival 
changes (off-axis) the gain rapidly 
decreases. An important measure of 
the gain pattern of the antenna is 
the half-power beamwidth (HPBW) 
which indicates how far off-axis a 
source has to be positioned to reduce 
the received power by half. A simple 
formula using the wavelength λ and 
reflector diameter d can be used to 
estimate this figure for the antenna 
whose gain pattern is shown in 
Figure 3b: HPBW ≈ (180°/π) × (λ/d) = 

(180°/π) × 0.3/13.5 = 1.27° 
This means that if we point the 

antenna towards a source and 
measure the power we receive, and 
then point the antenna HPBW/2 = 
0.635 degrees away from the source 
(why only half of the HPBW?) the 
received power would be halved. 

Satellite television transmissions are 
centred at roughly 12 GHz and a 
typical dish used in this application 
has a diameter of about 1 m. Use this 
information to estimate the HPBW for 
such a system. This should give you an 
idea of how accurately the dish should 
be orientated to successfully receive 
the transmission.

Now consider the size of a reflector 
antenna which would give comparable 
performance at the much lower 
frequency of 100 MHz and which would 
mean that the SKA would still be able 
to function. The frequency is ten times 
smaller than 1 GHz, which means that 
the size of the antenna needs to be ten 
times larger – that is a diameter of 135 
m! Building such a large reflector is not 

impossible. In fact the world’s 
largest single-reflector telescope at 
the Arecibo Observatory in Puerto 
Rico has a diameter of 305 m. 
The problem is that building an 
interferometer array on the scale 
required for the SKA means that 
thousands such antennas would 
need to be built.

Figure 4: a (right): A dipole antenna; 
b (above): The radiation pattern of a 
single dipole antenna.

Figure 3: a (above): How electromagnetic 
waves are collected at the focal point of 
the parabolic reflector; b (right): The ideal 
gain pattern of a typical parabolic reflector 
antenna.

A close up of the electronics in the analogue 
front-end. Image: SKA South Africa/Nick van der Leek

▲
 

▲
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In this case another type of 
‘antenna’, called an antenna array is 
particularly useful. Instead of building 
one large antenna, the signals of 
a bunch of smaller antennas are 
combined in a specific way so that 
they interfere constructively (add up) 
for waves incident from the directions 
of interest, and interfere destructively 
(cancel out) for waves incident 
from other directions. This not only 
improves the total antenna gain, but 
it also allows the gain pattern of 
the antenna array to be changed by 
changing the way the signals received 
by each of the antennas in the array 
are added up. Figure 4b shows the 
radiation pattern of a single dipole 
antenna (Figure 4a). 

A dipole is very much like a 
monopole, except that it has two 
arms, as shown in Figure 4a. Notice 
that the gain of this antenna is a 
couple of orders of magnitude smaller 
than that of a large reflector antenna. 
Similarly the beamwidth of this smaller 
antenna is also much larger. 

Now note how the radiation pattern 
changes when we use an array of 
dipoles, in this case a total of 21 
dipoles arranged in a linear array, as 
shown in Figure 5a. Each of the plots 
shows the pattern that results from a 
different way of adding up the signals 
received by each of the antennas in 
the array (Figure 5b). 

The gain is much higher and 
the beamwidth much narrower. 
Furthermore, we are able to scan 
the antenna electronically, that is to 
change the look-direction by simply 
changing the electronics in the 
receiver. In some cases this offers a 
major advantage over dish antennas, 
which require the entire reflector 
structure to be repositioned to change 
the look-direction.

Low-noise amplifier
The next component that follows the 
antenna is a low-noise amplifier, or 
LNA, which amplifies the signal output 
by the antenna. Remember that the 
signal received by the antenna in a 
radio telescope is extremely small, 
originating from a source which 
is typically many light years away! 
Usually these LNAs are placed very 
close to the antenna terminals so that 
the cable between the antenna and 
the LNA is as short as possible. In 
order to understand the reason behind 
this, we first need to understand a 

little more about how ‘noise’ enters 
and affects the behaviour of our 
receiver system.

In any receiving system we 
distinguish between the desired part 
of what we receive (we simply call 
this the signal), and the undesired 
part of what we receive (we call this 
the noise). Imagine you are trying to 
listen to a friend talking on the phone 
while you are standing in a room 
full of people talking loudly – the 
friend’s voice that you hear on your 
phone would be the signal, and all 
other sounds that you hear count as 
noise. In situations like these a useful 
measure is the signal-to-noise ratio, 
or SNR. This is simply the ratio of 
signal power to noise power. Suppose 
you were equipped with a device 
with which you could measure the 
power of the sound that you hear. 
You could then measure the signal 
power by moving to a quiet room and 
measuring the power in the sound 
of the friend’s voice produced by the 
phone speaker alone. Similarly you 
could move to the noisy room, mute 
the phone speaker, and then measure 
the noise power as the power of the 
sound produced by the people talking 
loudly. The ratio of these powers 
(signal power divided by noise power) 
gives the SNR. Of course, the higher 
the SNR, the more clearly the signal 
can be identified and interpreted. If 
the noise in your room is too loud 
you are not able to hear your friend 
on the phone clearly.

Can you think of a way to better 
hear your friend speaking without 
leaving the noisy room? In other 
words, how can you increase the SNR? 
Turning up the volume of the phone 
speaker would certainly help, because 
the friend’s voice would become 
louder while the noise in your room 
would remain the same (assuming the 
people in the room continue to talk 
at the same volume). The solution can 
also be understood by considering 
what happens to the SNR – increasing 
the volume increases the signal 
power (it amplifies the signal) without 
affecting the noise power (the noise 
in your room has nothing to do with 
what is happening in the phone). 
Increased signal power and constant 
noise power equals increased SNR.

Suppose now that you move to a 
quiet room so that you only hear the 
phone speaker, and also suppose 
that your friend on the phone moves 

Figure 5: a (right): Dipoles arranged in 
a linear array; b (below): The pattern 

that results from adding up the signals 
received by each of the antennas in  

the array.

Figure 6a: The sinusoid produced when we plot the 
amplitude of a signal of 262 Hz as a function of time.

Figure 6b: The frequency spectrum of a signal of 262 Hz.
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to a room full of people talking 
loudly. Once again you will hear a 
combination of signal (your friend’s 
voice) and noise (the voices of other 
people in your friend’s room). What 
would happen now if you were to 
turn up the volume of the speaker? 
You increase the volume of the voice 
of your friend (signal power), but you 
also increase – by the same factor – 
the volume of the voices of the other 
people in your friend’s room (noise 
power). Therefore the SNR does not 
increase. So what is different in this 
case?

In the previous scenario only the 
signal (friend’s voice) was processed 
by the amplifier (phone volume 
control), and the noise (voices of 
other people in your room) only 
entered the system after the signal 
was amplified. But this time the noise 
(voices of other people in friend’s 
room) entered the system before the 
amplifier (phone volume control) so 
that both the signal and the noise 
were amplified. The point is this: if 
the noise enters the system before 
the amplifier, the SNR is unaffected 
by the amplifier; if the noise enters 
the system after the amplifier, the 
amplifier increases the SNR.

Now in a receiver system such as 
a radio telescope, we need to deal 
with external as well as internal 
noise. The external noise enters the 
system the same way that the signal 
does, that is, as electromagnetic waves 
incident on the antenna. Sources 
which produce this noise include 
cosmic radio sources which we are 
not looking at, satellites in the region 
of the sky where we are observing, 

and terrestrial communication 
transmitters. Internal noise, on the 
other hand, is produced by the 
receiving system itself. The fact is, any 
practical electronic component will 
produce a certain amount of noise, 
even something as simple as a cable. 
This means that as we move along 
the signal path from the terminals of 
the antenna (where we already have 
a certain SNR – the ratio of signal 
power to external noise power), more 
and more internal noise is added 
by each component in the receiver 
system, so that the SNR may decrease 
as we move down the receiver chain. 
In order to minimise this effect that 
internal noise has on the SNR, it is 
necessary to add an amplifier before 
internal noise is introduced by any 
other components (of course, the 
amplifier itself should also add as 
little noise as possible, which explains 
the “low-noise” part of the LNA). 
This means placing the amplifier as 
close to the antenna terminals as 
possible, so that the amount of noise 
power added by the cable between 
the antenna and LNA is as small as 
possible.

Filters
Before we can understand the 
function of a filter we first need to 
understand the concept of a frequency 
spectrum. Almost any signal that can 
be represented as a function of time 
can also be represented as a collection 
of different frequencies. Depending 
on the nature of the signal, some 
frequencies will be more prominent 
than others. Consider for example 
playing the note middle C on a piano. 

The sound that you would hear has a 
frequency of approximately 262 Hz. 
Now suppose the sound is recorded 
(transformed into an electronic signal) 
and we plot the amplitude of this 
signal as a function of time. The result 
is a sinusoid which we can express 
mathematically as x(t) = sin(2π × 262t)
and is shown in Figure 6a. 

Using this time function and a 
mathematical tool called the Fourier 
transform, we are then able to 
represent the same signal as a 
function of frequency. This frequency 

Figure 7: a (top): The signal produced by the three-note 
chord – C4, E4 and G4; b (above): The frequency spectrum 
of this signal.

Juan-Pierre Jansen van Rensburg (MSc,completed 2012) and David Davidson with the one 
dish of two-element Stellenbosch University Experimental Interferometer in the background. 

Image: David Davidson

David Davidson (left) and current MSc student Nicholas 
Thompson (right) with the analogue front end built by Juan-
Pierre Jansen van Rensburg as part of his MSc. Image: SKA South 

Africa/Nick van der Leek
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representation is called the frequency 
spectrum of the signal and is shown 
in Figure 6b. Note that the spectrum is 
zero at almost all frequencies, except 
for a spike at 262 Hz. This is because 
the signal is a sinusoid with that same 
single frequency.

Now consider what happens if we 
play a three-note chord on the piano 
by simultaneously playing C4 (another 
name for middle C, 262 Hz), E4 (a 
slightly higher tone, 330 Hz), and G4 
(even higher tone, 392 Hz). The sound 

that is produced is a combination 
of three sinusoidal waves, each with 
a different frequency. If we again 
record the sound and plot the signal 
as a function of time the result would 
look like Figure 7a. The mathematical 
expression for this function is x(t)= 
sin(2π × 262t) + sin(2π × 330t) + 
sin(2π × 392t). Accordingly the 
frequency spectrum of this signal has 
three spikes at the three frequencies 
corresponding to the notes played, as 
shown in Figure 7b. 

The frequency spectra of signals are 
not always as simple as the examples 
shown here. One signal which is of 
particular interest is called white noise 
and is often used as a mathematical 
model for a noise in the analysis of 
a system. The spectrum for a white 
noise signal is a horizontal line – it 
contains all frequencies. An interesting 
question is how would such a signal 
sound? The hissing sound that a radio 
makes when it is not tuned in to a 
station is more or less how white 
noise would sound.

We now have enough knowledge 
to understand the purpose of a filter. 
Suppose you have a recording of the 
three-note chord played on a piano 
and you want to listen to the sound of 
one particular note only, for example 
E4. What you need in this application 

is a device that removes the unwanted 
frequencies (those of the C4 and G4 
notes) from the signal – this is called 
a filter.

Filters come in many varieties. One 
classification of filters is based on 
which frequencies it allows to pass 
through. For example, a filter which 
removes all frequencies above a certain 
threshold (called the cut-off frequency) 
is called a low-pass filter, because 
all the lower frequencies are passed 
through. Similarly a high-pass filter will 
remove all frequencies below the cut-off 
frequency and allows higher frequencies 
to pass through.

Now let us apply filtering to the 
three-note chord example. Suppose 
we first apply a low-pass filter with a 
cut-off frequency of 363 Hz. 

In Figure 8a the spectrum of the 
recorded three-note chord signal 
(input to the low-pass filter) is shown 
along with the filter response. The 
filter response is a visualisation which 
helps to determine what the frequency 
spectrum of the output would look 
like for a given input. The output is 
determined by multiplying the input 
spectrum with the filter response. For 
low frequencies the filter response is 
equal to one, so the output spectrum 
is simply equal to the input spectrum 
over that range of frequencies. At 

The Fourier transform

The Fourier transform, developed in the 19th century by 
French mathematician Joseph Fourier, lies at the heart 
of all interferometry. This transform is a technique for 
representing any continuous signal by a sum of waves of 
different frequency, called Fourier components. If you’ve 
ever seen a spectrum analyser on a sound engineer’s 
console (or just on a particularly advanced stereo), you 
have essentially seen a Fourier transform at work. The 
set of Fourier components is, in some sense, completely 
equivalent to the original signal. If we can measure 
the Fourier components, we can perform an inverse 
transform to recover the exact original signal.

Audio signals are one-dimensional, but an image of the 
sky can also be thought of as a signal – a two-dimensional (2D) one. A 2D Fourier 
transform turns it into a sum of 2D ‘spatial waves’, with large objects in the image 
associated with large (‘low-frequency’) waves, and small objects with small (‘high-
frequency’) waves. 

Now here’s the interesting thing. If you were to somehow measure the signal on 
the surface of a telescope’s mirror (or in the lens aperture of a camera) – before it 
is focused on the detector – you would find a Fourier transform of whatever the 
telescope or camera is pointed at. When the mirror (or lens) then focuses this signal 
on the detector, it is actually, just by its very nature, performing an inverse Fourier 
transform. As you read this article, the optical system of your eyes is also continuously 
performing forward-and-inverse Fourier transforms, in order to form an image of the 
page on your retina. Fourier transforms are literally everywhere.

Now remember that an interferometer works by connecting radio telescopes into 
a ‘synthetic aperture’, and measuring the signal in this aperture. This means that an 
interferometer actually measures the Fourier components corresponding to an image of the 
sky (rather than measuring an image of the sky directly). We can then do an inverse Fourier 
transform in software, and thus recover the original image. In some sense, an interferometer 
is like the ‘front half’ of a lens – with the rear half, the one responsible for the focusing, 
replaced by a computer that does inverse Fourier transforms.
From: From theory to practice – Oleg Smirnov, Quest 8(3) 2012.

Joseph Fourier.  
Image: Wikimedia Commons

Figure 8b: The spectrum where the highest tone (392 Hz) 
has been removed, and the high-pass filter response.

Figure 8a: The spectrum of the three-note chord with its 
low-pass filter response.

Figure 8c: The output of a high-pass filter – the lowest tone 
(262 Hz) has been removed from the signal so only E4 is left.
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higher frequencies the filter response 
is equal to zero, so multiplication 
with any input spectrum produces an 
output spectrum that is equal to zero 
over that range of frequencies. 

The output of this filter is shown 
in Figure 8b, where the highest 
tone (392 Hz) is seen to have been 
removed successfully. All that is left 
in this signal are the frequencies 
corresponding to the lowest and 
middle tones – if we had a recording 
of a two-note chord containing C4 and 
E4, this is what the spectrum of that 
signal would look like.

Now suppose we use the output of 
the low-pass filter as input to a high-
pass filter with a cut-off frequency of 
297 Hz and with the response shown 
in Figure 8b. Multiplying the filter 
response with the input signal produces 
zero at low frequencies and the input 
spectrum at higher frequencies. The 
output of this high-pass filter is shown 
in Figure 8c, where the lowest tone 
(262 Hz) is also seen to have been 
removed from the signal – the result of 
our two-stage filtering process is that 
we only have the frequency of the E4 
note left in the signal. 

In effect we have realised a 
band-pass filter, which only allows 
frequencies within a specified 
frequency band to pass through (in 
this case frequencies within the range 
297–363 Hz), by cascading a low-
pass filter and high-pass filter. This 
is not typically how band-pass filters 
are implemented in practice, but the 
underlying principles are the same.

Now that we have the frequency 
spectrum of our filtered signal, what 
does the filtered signal look like 
as a function of time? To answer 
this question we use the inverse 
Fourier transform. Just as the Fourier 
transform was used to represent 

a function of time as a function 
of frequency, the inverse Fourier 
transform is used to perform the 
reverse operation. Applying this 
inverse transform to the spectrum 
in Figure 8c gives the time function 
shown in Figure 9. Of course, the 
signal is exactly what we expect to 
see – a single sinusoidal wave, as 
would be produced if we recorded 
the sound of the E4 note played on 
its own.

ADC (analogue-to-digital 
converter)
Before the need for the mixer 
can be explained we first need to 
look ahead towards the following 
component in the signal chain, that 
is, the analogue-to-digital converter 
or ADC. This device does exactly 
what its name says – it converts the 
analogue signal at its input to a digital 
signal at its output. One way to think 
of this device is to think of it as 
measuring the strength of the signal 
at its input, and then recording the 
numerical value in computer memory. 
Of course, the input signal changes 
constantly and what we actually need 
is the signal as a function of time. 
So instead of measuring the signal 
once and outputting a single number, 
this device has to measure the signal 
repeatedly and every time output the 
value of the last measurement – this is 
called sampling. 

One question that comes to mind is 
how often should the ADC measure 
the input signal? In other words, 
what should the interval between 
consecutive measurements be? This 
is called the sampling frequency of 
the ADC, and it turns out that if we 
want to keep all the information 
that is carried in the input signal the 
sampling frequency should be at 

least double the highest frequency 
present in the signal spectrum (this 
is called the Nyquist frequency). For 
example, the input signal in Figure 
7b has frequency components at 
262, 330, and 392 Hz. If we want to 
sample this signal without loss of 
information, then we need a sampling 
frequency that is at least 2 × 392 Hz 
= 784 Hz. That is, we need to take a 
measurement every 1.276 milliseconds. 
Suppose we are not interested in the 
higher frequency component and we 
filtered this out using the low-pass 

Figure 9: The result of applying the inverse transform to the 
spectrum in Figure 8c – a single sinusoidal wave.

The SKA research team at Stellenbosch. The authors are 2nd from the right (AY) and back 
row, 2nd from left (DBD). Image: SKA South Africa/Nick van der Leek

Figure 10: a (top): The input signal with a mixer frequency of  
20 Hz; b (above): The output signal with a low-pass filter 
response.
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filter. The signal spectrum then looks 
like in Figure 8b, and the highest 
frequency is 330 Hz. To keep all the 
information in this signal intact we 
then only need to sample at 660 Hz – 
that is we need to take a measurement 
every 1.515 milliseconds. This means 
that the ADC can operate at a slower 
pace for lower frequency signals, a 
useful result to which we will return 
in the next section.

Another important property of the 
ADC is the resolution, expressed as 
the number of bits (binary digits) 
used in the number representing 
the measured value. The more 
bits available to represent the 
measurement, the higher the quality 
of the measurement. One can think 
of this as being the equivalent of the 
number of decimal digits used in a 
calculation. Say for example you want 
to calculate the circumference of a 
circle using the formula circumference 
= π × diameter. Since π is an 
irrational number we can only use 
an approximation of its true value 
in a numerical calculation. If we are 
only able to use one decimal digit we 
would use the value π ~ 3.1. Using 
two decimal digits, we have π ~ 3.14, 
and so on. More digits equals higher 
accuracy – the same principle applies 
to the number of binary digits that the 
ADC is able to use in representing the 
signal strength as a number.

The sampling frequency and 
resolution can be combined into a 
single figure of merit for the ADC, 
called the bitrate, which is measured 
in bits-per-second, or bps. This figure 
is simply the product of the sampling 
frequency and resolution – if every 
sample produces x bits, and the ADC 
obtains y amount of samples per 
second, then the output is x × y bits 
per second in total. The higher the 
bitrate, the higher the quality of the 
digital signal. 

If you listen to digitally stored music 
on a computer (e.g. *.mp3 or *.wma 
files) you may notice that some players 
indicate the bitrate of the track that is 
playing. If you have access to encoder 
software, play around with the available 
bitrate options. Try to see if you can hear 
the effects of using very low bitrates.

Mixer
We now know that the frequency 
spectrum of the signal passed to the 
ADC determines at what rate the ADC 
should output samples of this signal. 
However, there is a practical limit to 
the number of samples which the ADC 
is able to process in a given time. This 
in turn places a limit on the highest 
frequency which should be passed 
to the ADC. Suppose we now have a 
signal that contains frequencies above 
the maximum frequency that is allowed 
to be fed to the ADC. This is similar 
to trying to listen to a dog whistle that 
works at 30 kHz – the frequency is just 
too high to be processed by the receiver 
(in this case the human ear, which is 
only able to hear up to about 20 kHz). 
One way to proceed is to filter out 
these high frequencies before passing 
the signal on, but this means we would 
lose the information that is carried in 
these high frequencies. A better solution 
is possible using a mixer in a process 
called frequency multiplying for reasons 
which will become clear in a moment.

To explain how this device works, 
we again need to represent our input 
signal as a function of time, let us 
call it x(t). The mixer multiplies this 
signal with a sinusoidal function of a 
specific frequency, so that the output is 
y(t) = x(t) × cos(2πft). Does the name 
frequency multiplier make sense now? 
At the output of the mixer two signals 
are then produced, one signal which has 
the same spectrum as x(t) only shifted 
down by f hertz, and another shifted up 

by f hertz. Consider again the example 
of the sound produced by the dog 
whistle. Suppose we have a recording 
device which is able to record this sound 
perfectly (works at all frequencies), 
transforming the sound waves into an 
electronic signal. We then pass this signal 
through a mixer, which multiplies the 
input with a 20 kHz sinusoidal wave, 
and then plays that output signal through 
a speaker system which again perfectly 
transforms the electronic signal into 
sound waves (works at all frequencies). 
The sound produced by the speaker 
would contain a 10 kHz (30 – 20 kHz) 
component as well as a 50 kHz (30 
+ 20 kHz) component. Each of these 
components contain all the information 
in the original signal, so we are allowed 
to filter out the one which is more 
convenient. In this case we might apply 
a low-pass filter so that we keep the 
component which we are able to hear. 
This is illustrated in Figure 10a and b.

In conclusion
This is only one aspect of the 
engineering components required 
for the SKA. In fact, there are still 
numerous questions about the design 
and construction of the SKA that have 
not yet even been answered. The nature 
of science and engineering is such that 
the more questions we seek to answer, 
the more questions we land up asking. 
But without the electrical engineering 
back-end, the SKA would not be able 
to answer the big questions you have 
learnt something about in the previous 
three articles. ❑

David Bruce Davidson received BEng, 
BEng (Hons), and MEng degrees from the 
University of Pretoria, South Africa, in 1982, 
1983, and 1986 respectively, and the PhD 
degree from the University of Stellenbosch in 
1991. In 2011, he was appointed to the South 
African Research Chair in Electromagnetic 
Systems and EMI Mitigation for SKA. His main 
research interest through most of his career 
has been computational electromagnetics. 
Recently, his interests have expanded to 
include engineering electromagnetics for 
radio astronomy. 
André Young received the BEng degree 
in electrical and electronic engineering 
with computer science, MScEng degree 
in electronic engineering, and PhD in 
electronic engineering in 2005, 2007, and 
2013, respectively, from the University of 
Stellenbosch. Currently he holds a post-doctoral 
appointment at Stellenbosch University, where 
his research focuses on calibration and phased 
array feed systems in radio astronomy.

The maths behind the mixer

The mathematics behind the mixer is relatively simple and uses the sum and difference formulas for 
sine and cosine functions. 

Let’s suppose our input signal is a cosine with frequency f1 and multiply it by a cosine of frequency f2. 
So the input is x(t) = cos (2πf1t) and the output is: y(t) = cos (2πf1t) × cos(2πf2t).

We now perform a simple trick often used in situations like these, adding and subtracting the 
same thing from our expression, which does not change its value, but which helps us to look at it in 
a different way. So let us add ½sin(2πf1t)sin(2πf2t) and subtract that same quantity from y(t), we then 
have: y(t) = cos(2πf1t)cos(2πf2t) + ½sin(2πf1t)sin(f2t) – ½sin(2πf1t)sin(2πf2t)

We write the product of cosine functions as a sum of two similar terms, just to rearrange the 
expression to give:

y (t) = ½cos(2πf1t)cos(2πf2t) + ½sin(2πf1t)sin(f2t) + ½cos(2πf1t)cos(2πf2t) – ½sin(2πf1t)sin(2πf2t)
The first two terms on the right are the difference formula for the cosine function, and the last two 

terms are the sum formula for the cosine function. So we can write: 
y (t) = ½cos(2π(f2 – f1)t) + ½cos(2π(f2 + f1)t)
The output is now the sum of two cosines, one with a frequency (f2 + f1) and one with a frequency  

(f2 – f1). 
If we use a low-pass filter with a cut-off frequency just above (f2 – f1) then we can remove the 

higher frequency component, so that we just have: y (t) = ½cos(2π(f2 – f1)t) .
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SANSA is particularly interested 
in Antarctic research because it 
is an ideal location for scientists 

to study space weather. The inward-
curving magnetic field lines at the 
pole provide the perfect opportunity 
for space particle research. This opens 
up a unique window into geo-space, 
which allows SANSA to study the Earth’s 
magnetosphere, ionosphere and other 
related space weather phenomena.

During summer take-over at the 
South African Antarctic base SANAE 
IV, the SANSA team assisted in a 
NASA-funded project as part of the 
first science campaign of the Balloon 
Array for Radiation belt Relativistic 
Electron Losses (BARREL) project.

BARREL works in conjunction with 
NASA’s Van Allen Probes, two satellites 
currently orbiting Earth collecting data 
in the heart of the Van Allen radiation 
belts. The Van Allen belts are affected 
by space weather phenomena such 
as solar storms, the solar wind and 
coronal mass ejections. 

The project aims to track where 
radiation goes when it escapes 
the belts, because the charged 
particles within the belts can damage 
space-based technologies such as 
communications and GPS satellites. 
Data collected from BARREL payloads 
complement the Van Allen satellite 
data, and help to fill in the space 
weather picture.

The NASA/SANSA team successfully 
launched 13 helium-filled balloons 
from the South African Antarctic base, 
measuring 40 m in height, each carrying 
an identical payload to an approximate 
altitude of 38 km. Seven additional 
balloons were also launched from the 

British base, Halley Bay.  
The main objective is detecting 

X-rays produced by precipitating 
relativistic electrons as they collide 
with neutral particles in the Earth’s 
atmosphere. This is best done over a 
period of 10 days in the thinner layers 
of our atmosphere, which is why the 
payloads are sent up with balloons.

A second science campaign, 
consisting of an additional 20 payloads, 
is scheduled to take place during the 
2013–2014 austral summer. Projects such 
as these are vital in understanding space 
weather conditions that affect satellites 
orbiting the Earth within the Van Allen 
radiation belts.

SANSA at the forefront
The South African National Space Agency (SANSA) is a key player 
in the South African National Antarctic Programme and has several 
on-going space science and space weather related projects in 
Antarctica, as well as Marion Island and Gough Island.  
These articles show some of their research.

The team launching the first BARREL payload 
from the South African Antarctic base.Image: SANSA

Launching balloons in Antarctica

The IPY banner over 
SANAE base  
in Antarctica.  
Image: Anton Feun

This NASA image 
shows the Van 
Allen Radiation 

Belts and the Van 
Allen twin probes. 

Image: NASA
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SANSA’s navigation unit 
completed three satellite-based 
augmentation system (SBAS) 

trials during February and March 2013. 
Together with the trials, a lead user 
group meeting was held to confirm 
user requirements and illustrate the 
importance of this development to 
treasury.

The first trial was held in Heidelberg 
and was based on precision farming. 
The second took place in Gauteng 
together with Tracker, and the final 
trial took place at the Kruger National 
Park. The trials aim to illustrate the 
necessity of an improved navigation 
system, by comparing the results of a 
normal GPS to those of the SBAS.

For the precision farming trial, 
a tractor equipped with both the 
standard GPS as well as the SBAS was 

driven along specified lines on the 
farm. To test their accuracy, breaks 
were taken in between and the ‘same’ 
positions resumed – simulating a 
typical farming pattern. Results from 
the trial prove that the SBAS unit is 
indeed more accurate than the current 
GPS being used, and that the system 
could potentially eliminate several 
challenges faced by farmers.

‘Mainly wheat farmers make use of 
GPS alone for auto guidance of the 
tractors and variable rate application 
(VRA) of lime, pesticides and fertiliser,’ 
explains Eugene Avenant, SANSA Space 
Operations Chief Engineer and project 
representative. ‘The VRA controllers can 
control up to 16 nozzles on the beam 
and so for these applications, pass-to-
pass accuracy is very important.’ In 
addition, farmers have a major problem 

with poor GPS repeatability – with 
the same passes of the tractor in the 
field giving different routes on the 
farm map. ‘It is hoped that SBAS will 
make a difference to yield monitoring 
and mapping and possibly result in 
vertical information being beneficial, 
as a number of farmers’ base maps are 
already in 3D,’ he adds.

In South Africa, the main objectives 
of the dissemination activities of 
the SBAS awareness and training 
in South Africa Project (SATSA) 
are twofold. The first is to inform 
political stakeholders in government 
departments of the progress made 
related to SBAS training and trials in 
South Africa; and the second is to 
raise awareness of EGNOS for South 
Africa (EGSA) among potential user 
communities in the country.

A steel-hulled ship is like a huge 
floating magnet with a large 
magnetic field surrounding it. 

The process of building a ship within 
the Earth’s magnetic field leads to a 
certain amount of permanent magnetism 
in the ship. When the ship moves, 
this field also moves and adds to or 
subtracts from the Earth’s magnetic field. 
Essentially the moving ship builds up 
a magnetic signature, which can trigger 
magnetic sensitive devices such as 
mines that are designed to detect these 
magnetic signatures.

Larger ships have DC coils systems 
built into the ship in various locations, 
which create a field equal and opposite ▲

 
▲

Precision farming trial findings:  
Satellite based augmentation system yields positive results

Above: This graph shows a comparison of the vertical error in 
GPS and SBAS modes. Image: SANSA

Left: A tractor equipped with both the standard GPS and the 
SBAS antennas, as well a radio antenna – used to conduct the 
precision farming trials. Image: SANSA

Demagnetising ships for the Navy

The model ship is placed in the degaussing coil system designed 
to reduce the magnetic signature of the ship. Image: SANSA
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to the ship’s permanent magnetic field, 
known as degaussing. However, using 
degaussing coils in a surface ship 
can only compensate the ship’s own 
magnetic field to a certain level and 
thereafter the vessel has to undergo a 
deperming procedure in a dedicated 
deperming facility.

During the deperming procedure 
large coils are wrapped around a ship 
and DC currents are used to cancel the 
remaining permanent magnetism of the 
ship. The process is repeated a number 
of times, slowly whittling down the 
permanent magnetic field of the ship, 
making it ‘magnetically invisible’. The 
ship is then able to pass over mines and 
other magnetic sensitive devices without 
triggering them.

Emile Lochner, a physics and 
engineering student currently working 
on his MSc at SANSA Space Science, 
has developed a small-scale model 
of the Flash D deperming procedure. 

The model demonstrates how the 
procedure can be used on a larger scale 
for applications such as degaussing or 
deperming ships for the Navy.

Emile obtained a BSc in physics 
from Rhodes University, after which 
he made the leap to engineering and 
completed his Bachelor’s degree in 
electrical engineering at the University of 
Stellenbosch.

SANSA provides opportunities for 
students to work with highly sensitive 

and specialised equipment in an 
engaging and friendly environment. 
Working with SANSA has allowed 
Emile to build good rapport with fellow 
scientists and engineers in the field of 
space science. He describes his future 
goals as wanting to combine physics and 
engineering in the hope of developing 
new scientific instrumentation. Emile’s 
advice to aspiring engineers is not to 
be afraid of approaching people or of 
failure, as this is how you learn.

The ship is tested using a magnetic sensor 
to determine if it has been sufficiently 

degaussed. Image: SANSA

Following the signing of the 
RadioAstron space satellite 
agreement between the South 

African National Space Agency (SANSA) 
and the Russian Federal Space Agency 
(Roscosmos) at the 5th BRICS Summit 
held in Durban this year, SANSA will 
be responsible for the installation, 
operations and maintenance of the 
receiving antennae. 

The RadioAstron satellite was 
launched on 18 July 2011 and carries 
a radio telescope that will obtain 
images and coordinates of various 
radio-emitting objects. As a single, 
virtual telescope, it will be the world’s 
largest radio telescope, with a ‘dish’ 
measuring approximately 390 000 km. 

The mission has an expected lifetime 
of five years and will support and 
improve investment in radio astronomy 
infrastructure in Africa and complement 
radio astronomy facilities such as 
the Square Kilometre Array (SKA), 
enhancing the continent’s reputation as a 
premier destination for radio astronomy.

‘SANSA’s Space Operations ground 
station will undergo an equipment 
upgrade to accommodate the 
operational requirements to support 
the Russian RadioAstron orbiting space 
telescope,’ says Eugene Avenant, Chief 
Engineer at SANSA Space Operations. 
Aligning with the National Development 
Plan, one of SANSA’s strategic goals 
is the positioning of South Africa as 
a recognised global citizen, to offer 
world-class and efficient services and 
societal benefits. ‘By participation in this 
international collaboration, SANSA will 
be in a position to contribute to job 
creation whilst fostering international 
relationships,’ Avenant adds. 

The RadioAstron project is an 
international collaboration led by the 
Astro Space Centre of the Lebedev 
Physical Institute (Russian Academy 
of Sciences) in Moscow. Other 
partners include the European Space 

Agency, the National Radio Astronomy 
Observatory (USA), the Tata Institute for 
Fundamental Research (India), and the 
Commonwealth Scientific and Industrial 
Research Organisation (Australia).

SANSA’s role will include acting 
as a central point between Telkom 
– who has made an 18-m C-Band 
antenna available for the RadioAstron 
tracking and acquisition in South 
Africa, the Roscosmos system and 
the Hartebeesthoek Radio Astronomy 
Observatory (HartRAO). Raoul Hodges, 
Managing Director of SANSA Space 
Operations, explains this in more 
detail. ‘The control of the ground-based 
equipment and data relayed from the 
spacecraft via TCP/IP connections will 
be aggregated in a router/switch at 
the Telkom Earth station and relayed 
to SANSA Space Operations via 
fibre-optic connection. SANSA Space 
Operations will allocate a dedicated 
area with the required computer 
interfaces and apparatus to relay data 
to and from Roscosmos using terrestrial 
communication infrastructure.’ The 
idea is to complement the capability 
of ground-based very long baseline 
interferometry (VLBI) instruments with a 
space-based VLBI instrument. ❑

SANSA to support radio astronomy 
infrastructure in Africa

President Jacob Zuma with Russian President Vladimir Putin 
at the 5th BRICS Summit in Durban, South Africa. Photo courtesy of 

allafrica.com via Govt of South Africa/Flickr
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The palaeosciences fraternity 
and academia have welcomed 
the launch of the South African 

Strategy for the Palaeosciences 
and the awarding of the Centre 
of Excellence (CoE) for the 
Palaeosciences of the Department 

of Science and Technology and the 
National Research Foundation to the 
University of the Witwatersrand and 
its collaborating institutions, namely 
the University of Cape Town, Iziko 
Museum in Cape Town, the National 
Museum in Bloemfontein, the Albany 
Museum of Rhodes University, and 
Ditsong Museum in Pretoria. The 
announcement was made recently 
at an event held at the University of 
the Witwatersrand’s Origins Centre. 
This is the culmination of two years 
of research and consultation, led 
by the Department of Science and 
Technology and the Department of 
Arts and Culture.

‘With our geographic location comes 
the responsibility to protect, preserve 
and develop knowledge about our 
abundant fossil wealth. This Strategy 
for the Palaeosciences sets out some 
of what the South African Government 
plans to do to meet its responsibility 
in this regard. I am confident that 
this centre we are launching today 
will make a substantial contribution 
towards this goal of positioning 
South Africa as a world leader in 
palaeosciences, collections and site 
management’, said the Minister of 
Science and Technology, Derek 
Hanekom, in his opening address.

‘The Centre of Excellence for the 
Palaeosciences is the 9th centre 
in the CoE programme since its 

launch in 2004. The establishment 
of the centre has its origins in the 
National Research and Development 
Strategy (2002), which identified 
a number of knowledge fields in 
which South Africa should aim 
to achieve international research 
excellence because of its geographical 
advantage’ said Dr Andrew Kaniki, 
Executive Director: Knowledge Fields 
Development of the National Research 
Foundation.

Wits University’s Prof. Bruce 
Rubidge, who will be heading the 
centre, said that ‘the CoE partnership 
between Wits and our South African 
partner institutions will comprise some 
30 scientists and many more students 
and technical personnel, as well as 
established international research 
partnerships, making this one of the 
largest palaeoscience collaborations in 
the world.’ 

The CoE launched today will 
manage a number of activities, 
including:
n research focused on the creation 

and development of new 
knowledge and technology

n education and training of the 
highest standard at master’s, 
doctoral and postdoctoral levels

n information brokerage through 
providing access to a pool of 
knowledge and promoting 
knowledge sharing and transfer

n networking through collaborating 
across national and international 
boundaries

n service rendering in respect of 
analysis and policy for government, 
business and civil society.
The Centres of Excellence 

Programme was established in 2004, 
and the CoE for the Palaeosciences 
is the ninth centre. The Department 
of Science and Technology has 
completed a framework for the 
opening of a call for an additional five 
CoEs in the 2012/13 financial year, 
at least one of which will be in the 
social sciences and humanities. The 
awarding of the five new CoEs will 
be completed before the end of the 
2013/14 financial year, at which time 
there will be a total of 14 CoEs. ❑

Centre of Excellence for Palaeosciences 
launched in South Africa

Science news Q

Minister Derek Hanekom standing in front of the cast of 
Sediba. Image: Wits University

A comparative assemblage: Chimp skeleton on the left; 
Sediba in the middle and a modern human skeleton on the 
right. Image: Wits University

Dr Andrew Kaniki, Executive Director: 
Knowledge Fields Development, National 
Research Foundation. Image: Wits University
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Writing in the journal Science, 
Professor Lee Berger says that, 
‘The site of Malapa, South 

Africa, has yielded perhaps the richest 
assemblage of early hominin fossils on 
the continent of Africa’. 

Fossils of Australopithecus sediba 
were first found in August 2008 and the 
species was named in 2010. Scientists 
have now established that these fossils 
date back to between 1.977–1.98 million 
years ago. At the time of its discovery 
it looked as though A. sediba  could 
potentially be the ‘missing link’ between 
the australopithecines and the species 
of Homo that eventually gave rise to 
modern humans.

On 12 April 2013 a series of six 
papers were published in Science by a 
team of South African and international 
scientists from the Evolutionary Studies 
Institute (ESI) at the University of the 
Witwatersrand (Wits) and 15 other 
global institutions. The findings that 
are highlighted in these papers take A. 
sediba to the forefront of research into 
the origins of hominins – and of our 
own species, Homo sapiens. 

A mosaic
The six papers represent the culmination 
of more than four years of research into 
the anatomy of A. sediba based on the 
skeletons commonly referred to as MH1 
and MH2, as well as the adult isolated 
tibia referred to as MH4. 

The papers are entitled: Dental 
morphology and the phylogenetic ‘place’ 
of Australopithecus sediba; Mandibular 
remains support taxonomic validity 
of Australopithecus sediba; The upper 
limb of Australopithecus sediba; 

Mosaic morphology in the thorax of 
Australopithecus sediba; The vertebral 
column of Australopithecus sediba; 
and The lower limb and the mechanics 
of walking in Australopithecus sediba, 
with the introduction entitled The 
Mosaic Anatomy of Australopithecus 
sediba. 

In essence, the six studies describe 
how the 2-million-year-old A. sediba 
walked, chewed and moved. 

As an example, A. sediba’s teeth are 
remarkably similar to human teeth. 

Australopithecus sediba:     A mosaic of ancient and modern
New analysis of the remains of Australopithecus sediba shows that the 
species is a tantalising mixture of ancient australopithecine features 
and modern Homo features. Quest explains.

Composite reconstruction of A. sediba based on recovered material from MH1, MH2 
and MH4 and based upon the most up-to-date research. As all individuals recovered to 
date are approximately the same size, size correction was not necessary. Femoral length 
was established by digitally measuring a complete femur of MH1 still encased in rock. 
For comparison, small-bodied female modern H. sapiens on left, male chimpanzee (Pan 
troglodytes) on right.  Image: Lee Berger, courtesy of the University of the Witwatersrand

The reconstructed skull and mandible of Australopithecus 
sediba.Image: Reconstruction by Peter Schmid, photo by Lee Berger courtesy of the University 

of the Witwatersrand
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Most australopithecines have large, 
prominent canines, but A. sediba’s are 
small, like ours are, according to Darryl 
de Ruiter and colleagues at Texas A&M 
University. Peter Schmid and his team, 
at the University of Zurich, Switzerland, 

found that A. sediba’s lower ribs sweep 
inwards, as ours do, which suggests 
that the species had a ‘modern’ tapering 
waist. This also allows an arrangement 
of abdominal muscles that allows more 
efficient walking. 

A tree-dwelling 
australopithecine 
However, in other ways, A. sediba 
is quite different from early 
humans – hence the mosaic. Jeremy 
DeSilva, from Boston University in 
Massachusetts, found that A. sediba 
has a far more flexible foot than 
modern humans do – something 
that would allow the species to 
grip tree trunks and branches. 
Scientists think that A. sediba was the 
australopithecine that spent the most 
time in trees. But, if australopithecines 
spent more time walking and less time 
in the trees than their ancestors, why 
was the most human-like, A. sediba, 
so well adapted to life in the trees? 
Could this body plan be evidence for 
a deeper (tree-dwelling) lineage in 
South Africa? This is the question that 
DeSilva and his colleagues are now 
trying to answer. 

There is potential evidence for this 
second option, according to a study 
led by Joel Irish at Liverpool John 
Moores University in the UK. Irish 
and his colleagues have compared the 
teeth of A. sediba with those of other 
hominins. They have found that there 
may be two distinct ancient groups of 
australopithecines – one in East Africa 
(including Lucy, A. afarensis) and 
one in South Africa, better adapted 
to climbing – and which ultimately 
became H. sapiens.

Origins of modern humans
In summary, Berger suggests that A. 
sediba provides us with the most 
comprehensive examination of the 
anatomy of a definitive single species 
of early hominin. ‘This examination 
of a large number of associated, often 
complete and undistorted elements, 
gives us a glimpse of a hominin species 
that appears to be mosaic in its anatomy 
and that presents a suite of functional 
complexes that are both different from 
that predicted for other australopiths, as 
well as that for early Homo’. 

‘Such clear insight into the 
anatomy of an early hominin 
species will clearly have implications 
for interpreting the evolutionary 
processes that affected the mode and 
tempo of hominin evolution and the 
interpretation of the anatomy of less 
well-preserved species,’ he says. ❑

Australopithecus sediba:     A mosaic of ancient and modern
PaleaoanthropologyQ

Casting technicians at the Evolutionary Studies Institute, University of the Witwatersrand 
cast elements of the sediba skeleton in order to prepare the standing reconstruction.   
Image: Bonita de Klerk, courtesy of the University of the Witwatersrand

2D reconstruction of the 2-million-year-old Australopithecus sediba based on fossils from 
the MH1, MH2 and MH4 skeletons from Malapa, South Africa.  
Image: Reconstruction by Peter Schmid, photo by Lee Berger, courtesy of the University of the Witwatersrand
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Last night I felt my anxieties 
melt away as I sat enjoying a 
sundowner in a friend’s back 

garden. Sure, both pinotage and 
social connections are known stress-
relievers. But I believe the biggest 
factor was that my friend’s treed 
garden overlooks a stunning view of a 
rushing river, complete with chirping 
birds, calling frogs, and a family of 
otters. It’s a stark contrast to my little 
flat in a bustling urban neighbourhood 
with a view of a paved parking area 
and a neighbouring apartment block.

Many of us enjoy an occasional 
picnic in the park, a leisurely hike 
through the local nature reserve, or 
even a far-flung safari. It feels good to 
get out and breathe the fresh air. But 

could spending time in nature literally 
save your life? New research points in 
that direction. 

Back in 1984, a landmark study 
showed that patients recovering from 
surgery did so more quickly and with 
less pain medication if their hospital 
window had a view of trees rather 
than a building. Scientists have since 
discovered links between people’s 
access to so-called ‘greenspaces’, for 
example gardens or city parks, and 
their physical and mental health. 
People who live in areas with more 
greenspaces have a lower incidence 
of anxiety disorders and depression. 
They also experience lower levels of 
specific ailments, especially respiratory 
disorders and diseases associated 

with a lack of physical activity. Of 
course, this might be attributable to 
greenspaces reducing pollution and 
encouraging exercise.

But recent research also links 
spending time in nature to specific 
physiological responses in our bodies 
that promote good health. In Japan, 
Shinrin-yoku, or strolling through a 
forest to bask in the atmosphere, has 
become a popular form of preventive 
medicine. Researchers have linked 
this ‘forest bathing’ to near immediate 
reduction in stress hormones, 
pulse rate and blood pressure, and 
relaxation of the nervous system. 
Forest bathing also improves immune 
function for at least a week.

Interestingly, research also supports 

The Young Science Communicator’s Competition (YSCC) challenges young scientists and 
researchers under the age of 35 to communicate their work to audiences beyond their scientific 
peer community through a written article, a radio script or a viral video. It is run biennially by 
SAASTA, with the next round to be run in 2014/2015. YSCC aims to encourage the development 
of science communication skills in young scientists which will carry through their careers, and forms 
part of an overall initiative to encourage scientists to communicate their scientific research in a 
creative and innovative manner, thereby developing science communication skills across the SET 
sector. YSCC provides an opportunity to entice young scientists, who may not have had previous 
opportunity or incentive to communicate their work, and to expose them to the opportunities in 
science communication. This year’s winners were Morgan Trimble and Leon van Eck. 

By Morgan Trimble

Young Science Communicator’s    Competition

Why conserve biodiversity?  
Your life could depend on it

Budongo Forest in Murchison Falls National 
Park, Uganda. Living in an area with a high 
diversity of species may promote mental 
health and help prevent disease. 
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a link between the psychological 
benefits of spending time in nature 
and biodiversity. The more species-
rich an area is, the greater the 
increase in psychological well-being 
experienced by greenspace users.

Still other research links the lack of 
biodiversity to an increase in health 
problems including asthma, allergies, 
and autoimmune disorders. Ecologists 
have long noted the link between 
degraded ecosystems, those that have 
lost species, and their susceptibility to 
collapse and invasion by exotic species 
that negatively affect ecosystem health. 
Recently, scientists have extended 
that theory by conceptualising the 
human body as the ‘ecosystem’, and 
its biodiversity as the menagerie of 
microorganisms it supports. Ecologist 
Ilkka Hanski and colleagues have 
found that people who live in homes 
surrounded by diverse plant life, host 

a higher diversity of bacteria on their 
skin. These people also show decreased 
markers for inflammation and allergies. 
Contrastingly, individuals living in areas 
with low environmental biodiversity had 
fewer bacteria species on their skin and 
were more likely to have skin allergies. 

This might seem counterintuitive to 
people used to associating bacteria 
with illness, but in fact, our bodies 
rely on good bacteria to stay healthy, 
in part because they fight off bad 
bacteria. For example, a reduced 
diversity and altered composition of 
microorganisms in the gut has been 
associated with allergies, diabetes, 
inflammatory bowel disease, and even 
obesity. What’s especially interesting, 
however, is the idea that living in 
an area of high biodiversity in the 
environment might promote a diverse 
and healthy community of microbes 
within our own ‘human ecosystems’ 

that helps us stave off disease. 
These new findings linking a 

healthy, diverse natural environment 
to our physical well-being can be 
added to the long list of reasons 
why it’s important to conserve 
biodiversity. As a society, we are 
becoming increasingly urbanised. 
Roughly two-thirds of the human 
population will be city-dwellers by 
2050. It’s not enough that biodiversity 
is out there somewhere in a protected 
area. We also need to ensure that, 
as individuals, we connect often 
enough and meaningfully with 
nature. Promoting greenspaces in city 
planning is one option. But perhaps 
getting out of town and into nature 
this weekend, and as often as possible, 
is just what the doctor ordered. ❑

Morgan Trimble is a PhD student at 
the Conservation Ecology Research 
Unit at the University of Pretoria. 
Her research focuses on biodiversity 
in human-modified landscapes and 
the implications for people and for 
conservation. She likes to spend time 
in nature as often as possible, taking 
photographs and soaking up the 
atmosphere.

Above: On safari at Murchison Falls. New research suggests 
spending time in nature can improve your mental and physical 
health, so a safari could be just what the doctor ordered.

Above left: Waterfall along the hiking trail in the Rwenzori 
Mountains, Uganda. Spending time basking in forests has 
become a popular form of preventive medicine in Japan where 
it is known as Shinrin-yoku.

Left: Enjoying the view of the Three Rondavels, Blyde River 
Canyon, South Africa. Could a magnificent view improve your 
mood and your overall health? Science suggests views of nature 
are better for us than looking at industrial landscapes. 

Images: Morgan Trimble

Young Science Communicator’s    Competition
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Every Brazil nut you’ve ever eaten 
has been collected from the 
Amazon jungle. Forget about wine 

and cheese – Brazil nuts represent the 
ultimate in terroir. Without intact rain 
forest, the very landscape surrounding 
the tree, there would be no nuts at all. 

The Brazil nut tree (Bertholletia 
excelsa) can live to be more than five 
centuries old, reaching more than 
40 m into the sky to become what’s 
known as an emergent – a true forest 
giant standing head and shoulders 
above the forest canopy below.

The nuts (which are really just 
delicious, oily seeds) are encased 
in an enormous woody capsule that 
takes more than a year to mature 
on the tree. Imagine about 20 nuts 
arranged like the segments of a Terry’s 
chocolate orange, but wrapped in a 
cannonball. It’s downright dangerous 
to be under the tree when these 
palatable projectiles (which can weigh 
2 kg) start falling to the forest floor.

Around 20 000 tons of nuts are 
harvested each year. In the past, people 
who tried to farm the trees in large-
scale orchards were disappointed to 
find that the trees almost never set 
seed. Something was missing. Those 
who tended trees within or right next 
to undisturbed forest had much more 
success. This practice is called forest 
gardening, an example of which 
is shown in the image above, with 
nut trees growing in a soybean field 
overhung by jungle. It was clear that 

the trees need the forest like the forest 
needs the trees. This is because an intact 
ecosystem is required for the flowers of 
the Brazil nut tree to be pollinated. And 
that ecosystem includes amorous bees 
and bizarre orchids.

When the short-lived flowers of 
certain orchids open up in the shadows 
of the forest canopy, it’s the equivalent 
of a holiday sale for the males of several 
species of metallic-looking insects 
known as euglossine bees. The bees 
have not come to score a good deal 
on a meal, for the orchids produce no 
nectar. Instead, the male bees crawl all 
over the flowers, enticed by otherworldly 
fragrances produced by special scent 
glands hidden within. The males bees 
actively collect the scent molecules onto 
specialised hairs that cover their legs to 
form a sexy bee cologne which they’ll 
use to attract females at display sites 
elsewhere in the stifling forest. In their 
mad scramble, they’ll also pick up and 
deposit some orchid pollen, thereby 
intertwining the reproductive fate of the 
orchid with their own.

Outdoing the talented perfumiers of 
Guerlain and Givenchy, the scent glands 
of different orchid species produce 
unique mixes of volatile chemicals. 
In turn, female euglossine bees are 
as particular as the mademoiselles 
of Paris: scent preferences are often 
highly species-specific. The result is that 
pollination only occurs between orchid 
plants of the same species, as males of a 
particular bee species typically only visit 

one species of orchid. Some bee species 
play perfumier themselves and collect 
scent from different orchid species, 
mixing their custom cologne on-the-go. 
In these cases, the orchids attach their 
pollen on different parts of the bees’ 
bodies to prevent cross-pollination.

And what role does the female 
euglossine bee play in all of this? 
Well, she’s the one who pollinates the 
flowers of the Brazil nut tree. Without 
intact rain forest, there can be no 
orchids. And without orchids, no bees. 
And without bees, no Brazil nuts.

So think about all that jungle lust 
when you’re snacking on your roasted 
nut mix this festive season, and thank 
those horny bees and bizarre orchids 
every time you pop a precious Brazil 
nut in your mouth. ❑

Leon van Eck is a postdoctoral fellow in 
the Department of Genetics at Stellenbosch 
University, where his current research focuses 
on the evolutionary arms race between cereal 
crops and their pests and pathogens.  
  Van Eck has a PhD in plant genetics from 
Colorado State University and is passionate 
about agricultural biotechnology. He 
believes public education is integral to 
continued food security through crop 
improvement. He currently teaches 
courses in genomics and plant biotech at 
Stellenbosch University. Born and raised 
in Pretoria, Van Eck enjoys hiking and 
exploring South Africa’s rich and biodiverse 
landscape. He occasionally blogs about these 
at www.geneticjungle.com.

By Leon van Eck

An iridescent bee of the genus Eufriesea visits the curious 
flowers of a Stanhopea orchid. Many orchids have evolved 
scents to attract specific insects, along with complicated 
floral structures to ensure pollination.  
Image: Daniel Jiménez, Lankester Botanical Garden, Costa Rica

Jungle fever:  
Brazil nuts, bees and orchids

Brazil nut trees tower above a soybean field in Mato Grosso, Brazil. Without the intact rain 
forest visible beyond the soybeans, the Brazil nut trees will not be pollinated and are unable 
to produce any nuts. Image: Patrick Joseph 



IDC – � nancing South African 
           innovation
The IDC’s Venture Capital Strategic Business Unit (SBU) manages a 
R750 million fund providing equity funding to start-up companies 
for the development of globally unique South African Intellectual 
Property (IP) – this being the key criteria for any application.  

The funding provided by the SBU facilitates completion of the 
development, followed by the commercialisation of technology-rich 
products. These innovations and inventions most often stem from 
academic researchers who have developed their work to a point 
where they have a desire to become entrepreneurs; and innovators 
or inventors who want to move from tinkering with their ideas and 
prototypes in their backyards to fully commercialised businesses.   

The critical investment criterion for all Venture Capital projects is that 
the IP must be owned by the company and if not patentable, the 
product needs to provide a sustainable competitive advantage. The 
unit’s mandate allows for investment in projects across all industries, 
leading to sectoral growth and job creation. Recent South African 
inventions and innovations in the electronics, ICT, medical device 
and biotechnology sectors have proven particularly successful.

Funding for a project can reach a maximum of R40 million over 
several years, with the initial investment limited to R15 million. 
The IDC takes a minority shareholding of between 25% and 50% 
depending on the SBU’s valuation of the business and the amount 
of funding  required. The start-ups stand to bene� t from the further
strategic support, guidance and advice provided through a 
partnership relationship with the IDC.

Funding is provided in the form of ordinary shares and shareholder 
loans. There is no stipulated investment period, but the SBU’s 
objective is to achieve an exit opportunity within a reasonable 
time frame.

Through its investments, the Venture Capital SBU plays a proactive 
role in driving industrial development in South Africa, having a 
meaningful impact through the development of new entrepreneurs 
and shifting the focus from large companies to SMEs. This is achieved 
through sustainable development of more knowledge-intensive 
industries for long-term growth and job creation as prioritised in the 
Government’s New Growth Path (NGP). The unit continues to be a 
proactive, value-adding partner to its clients, capable of producing 
huge development returns to the bene� t of South Africa’s economy 
and citizens.
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To apply online for funding of R1 million or more go to www.idc.co.za

Telephone: 086 069 3888
Email: callcentre@idc.co.za
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The results of the first ever 
SunSmart Schools 2012 Study are 
now being analysed by research 

teams at the Council for Scientific and 
Industrial Research (CSIR) and the 
Medical Research Council of South 
Africa (MRC). The study collected 
information about sun-related 
knowledge, attitudes and behaviours 
of South African schoolchildren, 
as well as sun protection practices 
at their schools, to help shape a 
SunSmart Awareness Programme 
for South African schools. Twenty-
four primary schools from the nine 
provinces completed a school survey. 

Two schools from each of Gauteng, 
KwaZulu-Natal, Western Cape and 
Northern Cape Provinces; three schools 
from Limpopo, Mpumalanga, North-
West and Free State Provinces and 
four schools from the Eastern Cape 
Province participated. A total of 707 
schoolchildren between ages of 11 and 
13 years answered a questionnaire.

While none of the 24 schools 
that participated in the nationwide 
SunSmart Schools 2012 Study had a 
sun protection policy in place or a ‘no 
hat, play in the shade’ rule, 75% of the 
schoolchildren interviewed at these 
schools had heard about the Cancer 

Association of South Africa, which 
promotes sun protection. 

According to the United States 
Community Preventive Services Task 
Force, sun protection awareness and 
intervention programmes implemented 
in primary schools are effective 
and can increase sun-protective 
behaviours, decrease sun exposure, 
sunburn incidence and formation 
of new moles, and thereby reduce 
the risk of adverse health effects 
later in life. Schools are important 
environments for educating children 
about sun protection, and also for 
providing supportive environments to 
help children best protect themselves 
against excess sun exposure. 

Ways that schools can support sun 
protection policies include:
n encouraging hats and sun-protective 

clothing
n reminding students to use sun 

protection
n scheduling outdoor events outside 

the peak solar UVR hours of 10h00 
- 15h00

Shade and sunscreens
Most schools in the study had 
provided shade in their playgrounds. 
This is an important environmental 
way of providing sun protection and 
should be used around swimming 
pools, sports fields and recreational 
areas at schools. 

Sunscreen is another important way 
of protecting against too much solar 
UVR exposure. Only two schools 

Working towards SunSmart  
schools in South Africa 

Caradee Wright and Patricia Albers discuss ways in which schools can help their 
students understand the need for sun protection.

This young girl is playing in the shade, 
wearing a hat and is also protected by 
sunscreen. Image: Caradee Wright
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provided sunscreen for their students 
because of the costs involved. Three-
quarters of schoolchildren said 
that they never, or only sometimes, 
applied sunscreen. Schoolchildren 
seldom used hats for sun protection. 
Only about half of the schools said 
that they formally taught about sun 
protection as a health issue.

UVR exposure
Too much solar UVR exposure during 
childhood and adolescence has 
been associated with melanoma and 
non-melanoma skin cancer in later 
life. Excess UVR exposure is also 
associated with eye diseases, such 
as cataracts and pterygium, immune 
suppression and photoageing or 
wrinkling. More than 80% of students 
had not heard of melanoma and 
only 13% correctly identified it as 
being a form of skin cancer. Only 
14% correctly noted that anyone can 
get melanoma. When asked what 
one can do to prevent skin cancer, 
64% of students said avoid getting 
sunburnt, which shows that they 
correctly associated sun exposure with 
cancer. More than half of the children 
reported that they had been sunburnt 
last summer.

Excess solar UVR exposure is a 
concern not only for fair-skinned 
children. Children with dark skin 
can also be sunburnt. However, in 
general, dark skin with higher melanin 
content is protective against sunburn 
and people with dark skin are less 
likely to get skin cancer. In this study, 
children self-reported as black (40% 
of children), white (27%), Indian/
Asian (7%) or coloured (23%) (3% 
don’t know or missing). Children’s 

self-reported skin colour was mostly 
light brown (54% of children), white 
(21%) or brown (15%). Most children 
(94%) reported that they were born in 
South Africa and there were 269 boys 
and 434 girls (four children did not 
identify their gender).

SunSmart attitudes
Further research to answer questions 
such as whether girls were more 
likely to be sunburnt than boys, will 
now be carried out. In general, the 
Grade 7 students who responded to 
the questionnaire did have a positive 
attitude towards sun-related issues, 
preferring not to have suntanned skin, 
but this may also be explained by the 
relatively large proportion of children 
with light brown or brown skin. 

Most students said they did not 
use sun protection regularly and 
only about half said that they stayed 
inside or in the shade to avoid getting 
sunburnt. 

Despite not wanting to get 
suntanned or sunburnt, this did not 
translate into positive sun protective 
behaviours, and about half of learners 
reported being sunburnt last summer. 
Children either do not know how best 
to protect themselves from getting 
sunburnt, or they (possibly as well 
as their parents and teachers) do not 
understand the possible health effects 
well enough to alter their behaviour, 
or there is a lack of social and 
environmental support for protective 
practices. A very interesting finding was 
that most learners (43%) did not know 
what their skin would do if they went 
out in the sun without sun protection 
in summer for 30 minutes during the 
middle of the day.  All of these findings 

will now be fully explored and used 
to develop a South African-appropriate 
SunSmart awareness campaign for 
primary schools.

Protect yourself
Ways to protect against sunburn:
n Avoid being outdoors in direct 

sunlight between peak UV hours 
of 10h00 – 15h00 without adequate 
sun protection.

n When you spend time outdoors, 
use sun protection such as a wide-
brimmed hat, clothing that covers 
your skin, sunscreen and sunglasses. 

n Try to find shade and sit or play in 
the shade rather than in direct sun.

Ideas for SunSmart-themed school 
projects:
n Students can measure their shadow 

at different times of the day to see 
how its length changes in relation to 
where the Sun is in the sky.

n Hold a competition to make a 
SunSmart awareness advert, either a 
skit/play or short video clip.

n Hold a competition to design a 
SunSmart mascot for your school.

n Consider creative ways of using 
available school shade for different 
activities. ❑

Caradee Wright is a Principal Scientist in 
the CSIR Climate Studies, Modelling and 
Environmental Health Research Group, 
where she leads the environmental health 
team. Caradee is also a Council Member 
of the National Association for Clean 
Air, co-chair of the South African Young 
Academy of Science and founder of the 
Environmental Health Research Network.  
   Patricia Albers is a Scientist in the 
Environment and Health Research Unit at the 
Medical Research Council of South Africa.  

Environmental healthQ

Left: The UV Index is a measure of the amount of UV radiation 
on a particular day and is related to cloud cover and the 
positon of the Sun in the sky. Image: New Zealand SunSmart campaign

Clouds provide some protection against UV radiation. 
Image: Caradee Wright



Research that 
can change 

the world

Impact is at the core of the CSIR's mandate. In improving its research focus and ensuring that it 
achieves maximum impact in industry and society, the organisation has identified six research impact 
areas:
 
•   Energy - with the focus on alternative and renewable energy. 
•   Health - with the aim of improving health care delivery and addressing the burden of disease. 
•   Natural Environment - with an emphasis on protecting our environment and natural resources. 
•   Built Environment - with a focus on improved infrastructure and creation of sustainable human
     settlements. 
•   Defence and security - contributing to national efforts to build a safer country. 
•   Industry - in support of an efficient, competitive and 
     responsive economic infrastructure.
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FameLab, the international 
competition that gets people 
around the world talking science, 

has created excitement among South 
African participants and audiences. 

The nail-biting finals took place at 
SciFest Africa in Grahamstown on  
15 March. In just three minutes, the 
finalists had to explain a science 
concept using only what they could 
carry onto the stage with them – and no 
PowerPoint. 

SAASTA partnered with the British 
Council and Jive Media Africa, along 
with fellow sponsors the South African 
Space Agency and the CSIR to increase 
the visibility of the competition and 
to encourage participation. FameLab 
was open to entrants between 21 and 
35 years of age working or studying 
in science, technology, engineering or 
maths and who are passionate about 
their science.

The participants also attended a 
two-day masterclass training session 
wth international FameLab trainer 
Malcolm Love. 

The winner of FameLab South Africa 
2013, Michelle Knights, will represent 
the country at the international finals 
at the Cheltenham Science Festival in 
the UK in June this year, where young 

scientists from 25 countries will be 
competing. Michelle is a PhD student 
from Cape Town and a bursar of the 
SKA SA project. Her talk in the final 
rounds was about the search for life 
on planets elsewhere in the universe.

‘It was a fascinating and rewarding 
experience to take part in a science 
performance such as FameLab,’ 
Knights said afterwards. ‘It certainly 
challenges young scientists to make 
their work exciting at a new level!’

The rewards
To get to the top in South Africa, 
Michelle had to beat eight other 
regional winners from Johannesburg, 
Durban and Cape Town in front of 
a capacity audience at SciFest Africa. 
Not only did she win the trip to the 
Cheltenham Festival, all expenses 
paid, but also pocketed a R10 000 
cash prize.

First and second runners-0up 
were Febe Wilken – a biotechnology 
student from the University of Pretoria 
and John Woodland, a chemistry 
student from the University of Cape 
Town. They received R3 000 in cash. 

‘The aim behind the competition 
is to encourage young scientists to 
talk about their work; improving their 

communication skills to enable them to 
engage with the general public or any 
non-science audience, which is of critical 
importance as science and technology 
impacts society as a whole. 

The competition also seeks out new 
spokespeople for science … to inspire 
a new generation of scientists and 
challenge public perceptions about 
what it means to be a scientist,’ says 
Lorenzo Reynard. ❑
Visit www.britishcouncil.org.za/
famelab for more information.

By Daphney Molewa, SAASTA

The winner of FameLab South Africa 2013, Michelle 
Knights, with Robert Inglis, Director of Jive Media Africa and 
Remo Chipatiso of the British Council. Image: SAASTA/FameLab

Get famous …  
‘sell’ your science at FameLab 

The FameLab South Africa 2013 team: Prof. Janice Limson, Lorenzo Raynard (SAASTA), Robert Inglis (Jive Media Africa),  Barend Jansen van Vuuren, Febe Wilken 
(second runner-up), Christopher Maxwell, Ntokozo Shezi, John Woodland (first runner-up), Ahmed Seedat, Charlotte Hillebrand, Michelle Knights, Charmaine Drury, 
Remo Chipatiso (British Council), Prof. Albert Modi, Dr Sandile Malinga, Prof. Himla Soodyall, David Cordingley (British Council) Image: SAASTA/FameLab
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Easy rock spotting

Sasol First Field Guide to Rocks 
and Minerals of Southern Africa. 
By Bruce Cairncross. (Cape Town. 
Struik Nature. 2013.)

This is another handy little pocket 
book that you can easily carry with 
you – even if you venture into 
the wilder areas of the country at 
speed, rather than hiking. This is 
the latest addition to the Struik 
Nature series and allows you to 
identify and start to understand 
our geologically exciting region. 

The book may be small, but it 
details 30 minerals and 18 major 

rock types – with the focus on the best known or most 
commonly found. There is an outline of crystal type and 
structure, with a glossary of geological terms. The Mohs 
scale of mineral hardness is also explained. Each rock or 
mineral is illustrated in full colour and its chemical formula 
provided, along with its hardness, composition, specific 
gravity and crytal system. 

This is an excellent book for any budding geologist or 
anyone who simply would like to know more about the 
world around us. 

Tracks and trails

On Track: Quick ID guide to southern 
and East African animal tracks. By Chris 
and Mathilde Stuart. (Cape Town. Struik 
Nature. 2013.)

This pocket-sized guide to animal tracks in 
southern and East Africa is another book that 
is handy to carry around when you are out 
hiking. In my experience it is not uncommon 
to stumble on tracks on mountain or veld 
trails, or even on our beaches, so this little 
book should be very useful.

Each species in the guide has a ‘perfect’ 
drawing of a front and back track and for 
most, a photograph as well. However, a clear 

track is often the exception and many tracks you find will 
be smudged or distorted. But the authors encourage you to 
keep trying – apparently if you follow a track, you will often 
come across a clear section. 

There is a good explanation of how to look at tracks 
so that you can get the best out of them and help 
you to identify the species. The book is divided up into 
‘heavyweights’, cloven hooves, paws, hands and feet, non-
cloven hooves, clusters, three toes, bird tracks: webbed, 
bird tracks: not webbed, tramline-like tracks and undulating 
trails. There is also a section on domestic animals.

A thoroughly enjoyable little book.

Listening to  
the bush

Sounds of the 
African Bush.  
By Doug Newman 
and Gordon King. 
(Cape Town. Struik 
Nature. 2013.)

As the authors 
of this book/CD 
combination say, 
you often hear the 
animals of the bush 
before you see them 
– and you may not see them at all, 
of course. So knowing the sounds of the bush will allow 
you to identify some interesting mammals, birds, insects 
and amphibians. I now know that the frog that I hear all 
the time in the mountains above my home in Noordhoek in 
Cape Town is the clicking stream frog or Gray’s stream frog, 
for example. I have never managed to see one but they are 
abundant in Silvermine, part of the Table Mountain chain. 
We also have fiery-necked nightjars in the area – which 
I have been lucky enough to see from time to time, and 
which call often on warm nights.

The CD is probably the most important part of the 
combination, but the book itself has excellent colour 
photographs of the species whose calls you will hear, as 
well as distribution maps and some information about their 
biology. 

An interactive journey

Mister King’s Incredible Journey Activity Book. By David 
du Plessis. (Cape Town. Struik Nature. 2013.)

This book is a companion to Mister King’s Incredible Journey 
and will allow younger children who enjoyed that book to 
find out more about Mister King and the other sea creatures 
that he encountered in an enjoyable and interactive way.

The book starts with a section on how to get into 

Books Q
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drawing and also provides plenty of pages for colouring in. 
There are also picture exercises where youngsters can use 
the knowledge that they have gained through the Mister 
King book to consolidate their learning. 

All through the book are small inserts with information, 
for example ‘humpback whales sing songs that can last 20 
minutes’ and ‘a boat must travel for five days from South 
Africa to reach Mister King’s island’. 

There are other exciting books in this series and you can 
go to www.activitiesforafrica to download these and share 
them freely.

A visit to remember

Kirstenbosch: A visitor’s guide. By Colin Paterson-Jones 
and John Winter. (Cape Town. Struik Nature. 2013.)

This is the second edition of this book, first published in 
2004, and has been re-released to mark the centenary of 
the most beautiful garden in Africa. 

Kirstenbosch is one of the most famous botanical 
gardens in Africa and indeed the world – and rightly so. 
Kirstenbosch is situated on the lower eastern slopes of 
Table Mountain in Cape Town and attracts around 750 000 
visitors a year. The gardens occupy just 40 hectares of an 
estate that occupies 532 hectares of mountainside. The 
balance is a nature reserve that supports fynbos, forest 
and a variety of animals and extends to Maclear’s Beacon, 
the highest point of the Cape Peninsula. The estate and 
the gardens are managed by the South African National 
Biodiversity Institute (SANBI) and is the largest of SANBI’s 
nine botanical gardens in South Africa. 

This slim visitor’s guide provides a comprehensive look at 
the history of the garden – with lovely old photographs to 
illustrate this – the Cape flora, the garden itself, including 
the Conservatory and Camphor Avenue. 

Of course the gardens change with the seasons and each 
is covered, showing the different flowering plants in spring, 
summer, autumn and winter. There is a short section on the 
mountain and some of its walks, as well as a section on the 
biodiversity of this unique region. 

The most beautiful garden in Africa

Kirstenbosch: The most beautiful garden in Africa. 
By Brian J Huntley, with principal photographer Adam 
Harrower. (Cape Town. Struik Nature. 2012.)

I received this most wonderful book late last year. I live 
in the shadow of Table Mountain, on the other side from 
Kirstenbosch, which is situated on the eastern slopes of 
the mountain. In the 30-odd years that I have lived in 
Cape Town, Kirtenbosch, both as the garden itself and the 
mountain part of the estate have been an integral part of 
my life. So it is with enormous pleasure that I review this 
lovely book.

What a magnificent way to celebrate the garden’s 
centenary year – you open the book to the mountain 
and the gardens themselves, so rich and colourful are the 
photographs. This is the first comprehensive account of 
the garden since Compton’s 1965 Kirstenbosch, Garden 
for a Nation – now out of print. The book draws heavily 
on information included in the annual reports published 
regularly since 1914 by the National Botanical Gardens of 
South Africa, by its successor the National Botanical Institute 
from 1990 and from 2004, SANBI. 

The history of Kirstenbosch covers a period of several 
centuries in South Africa – in itself a rich and colourful way 
of looking at a sometimes troubled, but always compelling 
country. Of Kirstenbosch – then an estate belonging to the 
government, William J Burchell wrote in 1822, ‘The beauty 
here displayed to the eye could scarcely be represented by 
the most skilful pencil.’

There are 11 chapters, ranging from the founding of the 
gardens to the network of National Botanical Gardens in 
South Africa. The book is full of general information on the 
Cape Floral Kingdom, conservation, education and how to 
make Kirstenbosch financially sustainable in a country riven 
by poverty. 

Beautifully written and lavishly illustrated, this is a book 
that will keep you occupied for many hours – and should 
stimulate you to get out into your local environment, 
wherever you live – and to Kirstenbosch itself, if you are 
lucky enough.
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FACULTY OF APPLIED AND

COMPUTER SCIENCES

LONG-TERM PARTNERSHIP

The diploma in Non-destructive Testing (NDT) is registered

with the Department of Education.

Two new laboratories have been completed in the past year

and are fully equipped.

In its endeavour to offer state-of-the-art NDT, the Department

invites industries into a partnership that will include among

others the following:

(a) Practical work that includes projects from industry.

(b) Moderation of practical examination papers.

(c) Commitment towards placing our students for in-

      service training.

(d) Company visits by staff and students.

(e) Part-time vacation jobs for students.

(f) Membership of the NDT advisory board.

For more information, please contact the below persons:

Prof B R Mabuza

Executive Dean: Faculty of Applied and Computer Sciences

e-mail: raymondm@vut.ac.za

Dr I Sikakana

Head: Non-destructive Testing Technology and Physics

e-mail: ike@vut.ac.za

VUT

Vaal University of Technology

www.vut.ac.za



Square Kilometre Array- A Proud 
Moment for South Africa

The hosting of the Square Kilometre Array radio telescope (SKA) represents a major scientific coup for South Africa 
and will serve as a key research advantage to the entire scientific community. Scientists the world over believe that 
the SKA will be the major radio astronomy programme in the 21st Century that will allow us not only to understand the 
physics and the evolution of the universe and its structures, but also new aspects of astrophysics, like the origin of 
extremely high-energy particles, cosmic jets, black holes, and the structure and evolution of magnetic fields in 
cosmic structures, which will probably be addressed for the very first time.

Studying Astrophysics and Astronomy at Wits
Wits University is keen to lead and participate in programmes related to the SKA and hosts two South African 
Research Chairs in Radio Astronomy -  the  SKA Chair in Radio Astronomy and the South African Research Chair in 
Theoretical Particle Cosmology. The SKA Chair at Wits is a unique initiative that has not existed in such a clear 
definition for a specific project. It will help to generate cutting edge research for the country and support local 
research projects.

Wits, for the first time now offers the BSc in the field of Astrophysics and Astronomy degree, an exciting new 
programme in the Faculty of Science. 

A BSc in astronomy opens the way for a variety of opportunities. If a research career is envisaged the studies can be 
continued by completing a Honours, MSc and eventually a PhD. There are lucrative bursaries available within the 
framework of the SKA project. But other opportunities exist as well, for instance the National Astronomy and Space 
Science Program (NASSP) offers well paid bursaries for obtaining Honours and Masters degrees. 

One interesting aspect of astronomy is it's genuinely international research culture. Young researchers have the 
opportunity to work in international teams, publish in international journals, attend international conferences and - in 
many cases - arrange for long term visits to collaborators world wide. 

Not only because of SKA but also due to the operation of other new, world class astronomical observatories in 
Southern Africa, like the Southern African Large Telescope (SALT) in Sutherland and the High Energy Spectroscopic 
System (H.E.S.S.) telescopes in Namibia,  astronomy is a rapidly growing research field in South Africa and will offer a 
plethora of job opportunities in the near future.

Astronomy is a highly diversified field of research. In particular the vast amounts of data produced by modern 
telescopes require a sound understanding of modern computer technology. Astronomers often take part in the 
development of hard and soft ware to generate, analyse and interpret the data. Problem solving skills acquired 
during this process are of high demand in industry. People trained in astronomy can be found occupying well paid 
and responsible positions in various industrial sectors, such as insurance, bank and consulting industries.

For information and to apply:
www.wits.ac.za
Email: Admission.Senc@wits.ac.za 
Tel: 011 717 1030

Image courtesy of Professor David Block
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Graceful eruption

A solar prominence began to bow out and then 
broke apart in a graceful, floating style in a 
little less than four hours (16 March 2013). The 
sequence was captured in extreme ultraviolet 
light. A large cloud of the particles appeared to 
hover further out above the surface before it 
faded away. Image: NASA

Greenland melt ponds

This natural-colour image was acquired on 4 July  
2010 by the Advanced Land Imager on NASA’s 
Earth Observing-1 (EO-1) satellite. This glacial ice 
field lies in southwestern Greenland, not far from 
Disko Bay (Disko Bugt in Danish) and Davis Strait. 
The centre of the image is 68.91° North latitude 
and 48.54° West longitude. Image: NASA

Each spring and summer, as the air warms up 
and the sunlight beats down on the Greenland 
ice sheet, sapphire-coloured ponds spring up like 
swimming pools. As snow and ice melt atop the 
glaciers, the water flows in channels and streams 
and collects in depressions on the surface that 
are sometimes visible from space. These melt 

ponds and lakes sometimes disappear quickly 
– a phenomenon that scientists have observed 
firsthand in recent years.
Source: NASA

Surveying Earth’s interior with 
atomic clocks
Ultra-precise portable atomic clocks are on the 
verge of a breakthrough. An international team 
lead by scientists from the University of Zurich 
shows that it may be possible to use the latest 
generation of atomic clocks to resolve structures 
within the Earth. 

An atomic clock. Image: University of Zurich

Have you ever thought to use a clock to 
identify mineral deposits or concealed water 
resources within the Earth? An international 
team headed by astrophysicists Philippe Jetzer 
and Ruxandra Bondarescu from the University 
of Zurich is convinced that ultra-precise portable 
atomic clocks will make this a reality in the next 
decade. 

In principle, atomic clock surveying is 
possible to great depth provided that the heavy 
underground structure to be studied is large 
enough to affect the tick rates of clocks in a 
measurable manner. 
Source: University of Zurich

Researchers reveal more effective 
way of testing therapies to treat 
depression 
Researchers have found a new method for 
studying depression in rats that mirrors an aspect 
of the mood-related symptoms of the condition 
in humans. It is hoped this new technique, 
published in Neuropsychopharmacology, will 
improve the efficacy testing of new therapies. 

Studies in people have recently revealed that 

depression changes the way a person perceives 
emotional information. These biases, termed 
emotional or affective biases, have also been 
shown to be modified by drug treatments 
that have efficacy in treating depression. Now, 
scientists at the University of Bristol have 
identified a new method of modelling a similar 
behaviour in rats and demonstrated that drugs 
which are antidepressant in man cause positive 
biases in this rat task. Importantly, the team 
have also shown that drugs which can cause 
depression in people cause a negative mood in 
rats, using this new modelling technique. 
Source: Bristol University

Cutting specific atmospheric 
pollutants would slow sea level rise

Decreasing emissions of black carbon, methane 
and other pollutants makes a difference.

With coastal areas bracing for rising sea levels, 
new research indicates that cutting emissions of 
certain pollutants can greatly slow sea level rise 
this century. Scientists found that reductions in four 
pollutants that cycle comparatively quickly through 
the atmosphere could temporarily forestall the rate 
of sea level rise by roughly 25 to 50%.

The researchers focused on emissions of four 
heat-trapping pollutants: methane, tropospheric 
ozone, hydrofluorocarbons and black carbon. 

These gases and particles last anywhere from 
a week to a decade in the atmosphere and can 
influence climate more quickly than carbon dioxide, 
which persists in the atmosphere for centuries.

‘To avoid potentially dangerous sea level rise, 
we could cut emissions of short-lived pollutants 
even if we cannot immediately cut carbon dioxide 
emissions,’ says Aixue Hu of the National Centre for 
Atmospheric Research (NCAR) in Boulder, Colorado, 
first author of a paper published recently in the 
journal Nature Climate Change. 

‘Society can significantly reduce the threat to 
coastal cities if it moves quickly on a handful of 
pollutants.’

It is still not too late, ‘by stabilising carbon 
dioxide concentrations in the atmosphere and 
reducing emissions of shorter-lived pollutants, 
to lower the rate of warming and reduce sea 
level rise by 30%,’ says atmospheric scientist 
Veerabhadran Ramanathan of the Scripps 
Institution of Oceanography (SIO) in San Diego, 
a co-author of the paper. Ramanathan initiated 
and helped oversee the study. 

Source: National Science Foundation
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MIND-BOGGLING MATHS PUZZLE FOR Quest READERS

Win a prize! 
Send us your answer (fax, e-mail or snail-mail) together with your name and contact details by 
15:00 on Friday, 16 August 2013. The first correct entry that we open will be the lucky winner. 
We’ll send you a cool Truly Scientific calculator! Mark your answer ‘Quest Maths Puzzle no. 25’ 
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.

Answer to Maths Puzzle no. 24: 
Solution
Pile 1 = 8 Pile 2 = 4 Pile 3 = 6 Pile 4 = 2

Quest Maths Puzzle no. 25
4C1 is a 3-digit number. How many digits could 
replace C for 4C1 to be divisible by 2?



Wind turbines produced with innovative solutions from 
BASF can withstand high-speed winds and severe weather 
conditions. Our products help make the production and 
installation of wind turbines more effi cient, as well as making 
them durable – from the foundations to the very tips of the 
blades. In this way, we support the development of wind 
power as a climate-friendly source of energy. When high 
winds mean clean energy, it’s because at BASF, 
we create chemistry.
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