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3SCIENCE & TECH
Word of the day
Intrinsic (Adjective) – relating to the essential nature of a thing 
Used in a sentence: The businessman has an intrinsic drive to
succeed 
Word suggested by: Jyothsna. Your turn! Pick a word from today’s
The Hindu in School whose meaning you do not know and send it to us
at school@thehindu.co.in (Subject: Word of the day) 

Disclaimer: Readers are requested to verify &
make appropriate enquiries to satisfy
themselves about the veracity of an adver-
tisement before responding to any published in
this newspaper. Kasturi & Sons Limited, the
Publisher & Owner of this newspaper, does not
vouch for the authenticity of any advertisement
or advertiser or for any of the advertiser’s pro-
ducts and/or services. In no event can the
Owner, Publisher, Printer, Editor, Director/s,
Employees of this newspaper/company be held
responsible/liable in any manner whatsoever for
any claims and/or damages for advertisements
in this newspaper.

Communication can be a tricky busi-
ness. We do it everyday, yet we never
seem to be perfect at it - we are always
learning. A miscommunication owing to
an assumption in the conversion of units
and a mission, that’s worth millions of
dollars, fails. And yet, we are increasing-
ly glued to our communication devices,
taking them for granted. For we believe
that the mistakes stem out of the human
error and not the device or communi-
cation channels themselves…

Terms like “engaged tone,” “busy sig-
nal” and “dial tone” have crawled into
our vocabulary, sometimes even when
we are speaking in our local languages.
Their usage seems so intrinsic that we
hardly pause to think as to how they
came about. But now that you are doing
that, you might realise that the ‘tone’ and
‘signal’ indicate a relation to frequency. 

Actually, not long ago, and we were
still using rotary phones. Ask your
grandparents and they might be able to
tell you how it was when it took time to
dial each digit, as they had to rotate a
mechanical wheel or the rotary dial. In
fact, it was only on November 18, 1963,
that touch-tone services were intro-
duced, marking in a way the beginning of
the revolution that we are part of now. 

Optional rollouts
The push-button telephone began as

optional rollouts in Carnegie and
Greensburg, United States. They were
10-button sets (* and # keys were added
only in 1968) that slashed the dialling
time drastically, changing everyday
communication. 

The dials were no match for touch-
tone services and they were gradually
replaced. Touch-tone, which was a for-
mer registered trademark of Bell Tele-
phone Co., employed Dual Tone - Multi
Frequency (DTMF) as the basis of the
telephone. DTMF is the global standard
for audible tones that represents the di-
gits on a phone keypad.

Each button represents a
frequency

So when you are making a phone call,
you are pressing the different digits that
comprise the phone number. Each row
and column has a specified frequency.
DTMF is a 4x4 matrix (the 4th column

has kind of become obsolete these days)
with each row representing a low fre-
quency and each column corresponding
to a higher frequency. 

So if you are pressing the digit 1, it
sends a sinusoidal tone for each of the
two frequencies 697 Hz and 1209 Hz.
Pressing 2 would evoke 697 Hz and 1336
Hz and in this way each digit can be
uniquely identified, allowing the tele-
phone company to switch the call ac-
cordingly. National telephone systems
also designate specific frequencies to in-
dicate the status of lines like busy signal
and dial tone.

DTMF is here to stay?
Even as we move into the world of

smartphones, DTMF continues to stay.
As communication shifts from voice to
data-driven services, including messag-
ing and global positioning, keypads have
evolved to facilitate the same. The 4x3
grid with the numbers from 0-9 along
with * and #, however, remains the pri-
mary way in which calls are made.

Just
push a
button…

A.S.Ganesh

Question: If you were to dial
the number ‘7’, which two
frequencies would the resulting
sound be composed of? Send
your answers to
ganesh.a.s@thehindu.co.in with
your name, class, school and
location. [subject: eye]
Last week’s answer: NASA’s
Curiosity is the rover designed
to find out if Mars ever had an
environment to support small
life forms like microbes. 
Vishal .P and N.S Guhan of
class 10, PEM School of
Excellence, Tirupur were among
the first to get it correct.
Congratulations!

EACH DIGIT IS UNIQUE The 4x3 grid with the numbers from 0-9 along with
* and #, however, remains the primary way in which calls are made.

AN EYE FOR AN I

When we look at the universe with
our telescopes today, we can see
stars, galaxies, clusters of galaxies
and huge voids between them. As
matter gathers around galaxies and
leaves big empty regions, the uni-
verse is highly inhomogeneous.
Have you ever wondered what the
universe looked like in its earliest
stages?

A homogeneous universe
What we call the Cosmic Micro-

wave Background is the closest we
can get to an image of the universe
as it was right after the Big Bang,
more than 14 billion years ago. It is a
light which is not associated to any
star or to any other astrophysical
object, but rather bathes the entire
universe in a background glow. It is
the oldest light we can see, emitted
when the universe was only
380,000 years old. At that time, the
universe was much hotter and
much more condensed than it is to-
day. 

In the same way that heated met-
als emit light and change colour
with temperature, the Cosmic Mi-
crowave Background is a measure of
the temperature of the universe. To
each fluctuation of temperature
corresponds a change in the matter
distribution, so the Cosmic Micro-
wave Background also traces the
matter distribution of the Universe
long before Earth and our Milky
Way came into existence. And con-
trary to what we can observe today,
it reveals an incredibly homogene-
ous universe! 

The amount of matter is almost
exactly the same everywhere in the
universe at the epoch of the Cosmic
Microwave Background: between
the blue and red areas on the map,
the difference in matter density is
comparable to the difference a sand
grain would make on your own

weight. But although small, there
are tiny fluctuations and they are
the seeds of all future galaxies! 

The formation of galaxies
Gravitation is an attractive force,

so each excess of matter tends to
attract more matter and to grow.
This is how the tiny density fluctu-
ations seen in the Cosmic Micro-
wave Background lead to matter
structures as large as galaxies and
clusters of galaxies. 

The temperature of the universe
decreases with time, which helps
forming stable structures. Lower
temperatures indeed imply smaller
velocities for the matter particles,
and a particle with a small velocity
is more likely to feel the gravitation-
al attraction of the other particles
and to aggregate with them, as it is
less carried away by its own mo-
mentum. But while gravitation
pulls particles together, the expan-
sion of the universe tends to dilute
and scatter them, as more space be-
comes progressively available to the
same amount of matter. The forma-

tion of structures is a constant fight
between the gravitational force and
the expansion of the universe!

Nevertheless, a huge network of
matter structures slowly starts to
assemble. In the densest regions,
gas cools and starts to form stars.
Galaxies are born. 

The Cosmic Microwave Back-
ground is a snapshot of the universe
as it was shortly after the Big Bang,
before the first galaxies were cre-
ated. 

But it is also much more than this.

The detailed properties of its tem-
perature fluctuations tell us about
the very nature of our universe, and
help us answer fundamental ques-
tions such as: What is the composi-
tion of our universe? How old is it?
Is it going to expand forever? Is it
finite? Is it infinite? 

(Jonathan Freundlich is a PhD
student at the Paris Observatory, in
France, working on star formation
and galaxy evolution. The author
can be reached at jonathan.freun-
dlich@obspm.fr) 

SHORTLY AFTER THE BIG BANG The Cosmic Microwave Background as observed by the Planck
satellite. PHOTO: ESA AND THE PLANCK COLLABORATION

● Planck is a mission of the European Space Agency
(ESA) designed to make the most precise
measurements of the Cosmic Microwave Background.
It was launched in May 2009 and started releasing its
scientific conclusions in 2013.

● Planck's predecessors include NASA missions COBE
(launched in 1989) and WMAP (2001).

● Light emitted before the epoch of the Cosmic
Microwave Background doesn't reach us because the
Universe then was too dense and opaque.

● The glow of the Cosmic Microwave Background is
strongest in the microwave region of the
electromagnetic spectrum, hence its name.

What the universe
was like in its
earliest stages
Jonathan Freundlich

ASTROPHYSICAL SERIES

The earliest light

WASHINGTON: The United
States has announced two
awards worth $425 million
to build two supercomput-
ers three times faster than
China's Tianhe-2, the most
powerful system in the
world, as well as research
extreme scale supercom-
puting technologies. 

The U.S. government will

invest $325 million to build
"Summit" at the Depart-
ment of Energy's ( DOE)
Oak Ridge National Labora-
tory in Tennessee and

"Sierra" at its Lawrence
Livermore Laboratory in
California, Xinhua. 

According to the DOE,
Summit and Sierra will be

five to seven times more
powerful than Oak Ridge's
Titan, today's fastest super-
computer in the U.S. that
operates at 17.59 petaflop/s,

or quadrillions of calcula-
tions per second. 

The supercomputers, to
be installed in 2017, will al-
so be at least three times
than the current world's
fastest, Tianhe-2 at China's
National Super Computer
Center, which delivers
33.86 petaflop/s.  IANS

U.S. to build world's fastest supercomputers 
A petaflop is the ability of a computer to do one quadrillion floating point
operations per second (FLOPS). A petaflop computer requires a massive
number of computers working in parallel on the same problem

WASHINGTON: To understand what happens to
plants when there is no gravity, researchers
are now set to study 1,000 plant seedlings
grown in space. 

Researchers from University of Wisconsin
recently welcomed the delivery of the plant
seedlings from the International Space
Station. 

The plants grown in space will be frozen
and their RNA will be extracted for analysis. 

"(What we want to know is) what happens
when you remove gravity, because that might
give us the mechanism that plants on the
ground use to weigh themselves and respond
to gravitational forces," said Simon Gilroy
from University of Wisconsin. 

In the experiment funded through a grant
by NASA, the researchers are first seeking to
understand the alterations in genetic control
in plants that grow in a microgravity
environment. 

The second component of the team's ex-
periment, dubbed by NASA as geneLAB, is a
programme in which Gilroy's team will pub-
lish raw data consisting of patterns of genes
in the plants that grew in space. 

The time required for the extraction and
analysis of RNA will take roughly three to six
months, when the data set will become avail-
able to the public using a new "open source"
method. IANS

What happens to
plants, when there
is no gravity? 

! Researchers from University of Malaya in Kuala
Lumpur have found a fossil tooth of a dinosaur.

......................................................................................................................................................

! The tooth could be at least 140 million years old
and belongs to a new species within the "bird-
hipped" Ornithischian order, they say.

......................................................................................................................................................

! Ornithischian, or "bird-hipped", is a major group
comprised of herbivous dinosaurs such as
triceratops.

......................................................................................................................................................

! The dinosaur would have been about as big as a
horse, Sone said.

......................................................................................................................................................

! The present find implies the fact that there was an
established vegetated terrestrial ecosystem in
Peninsular Malaysia during the Cretaceous period
(65–145 million years ago) of late Mesozoic time

......................................................................................................................................................

A fossil tooth of a dinosaur displayed at the University
of Malaya in Kuala Lumpur. University's
palaeontologists', Masatoshi Sone and Teng Yu He,
findings reveal that it is identified to be a tooth of an
ornithischian dinosaur known as a herbivorous
dinosaur. PHOTO: AFP 

140-million-year-old tooth

PARIS: Europe's science probe Philae
sent home a treasure trove of data
from a comet heading towards the
Sun before falling silent as its power
ran out, mission control said Satur-
day. Crowning a historic feat, the ro-
bot lab streamed data from its
experiments back to its mother ship
Rosetta in the final hours before its
battery ran down.

This included the outcome of an
eagerly-waited chemistry test of a
sample drilled from the comet's icy
and dusty surface, scientists said.

"Rosetta's lander has completed its
primary science mission," the Eu-
ropean Space Agency (ESA) said.

Lacking power, its instruments
and most systems went into standby
mode after three days of non-stop
work, sending back data that will
keep scientists busy for years.

"The data collected by Philae and
Rosetta is set to make this mission a
game-changer in cometary science,"
said Matt Taylor, Rosetta project
scientist.

Bouncy triple touchdown
Philae had landed in a dark shadow

after a bouncy triple touchdown
Wednesday.

It did not get enough sunlight to
recharge its batteries sufficiently to
extend its mission beyond its initial
60-hour work programme.

Mission engineers do not rule out
making contact with the lander in the
coming months as Comet 67P/Chu-
ryumov-Gerasimenko moves closer

to the Sun. A theory gaining ground
in astrophysics is that the fledgling
Earth was pounded by these bodies of
cosmic ice and carbon-rich dust,
seeding our planet with the basics to
start life. Rosetta and its payload
travelled more than six billion kilo-
metres (3.75 billion miles), racing
around the inner Solar System before
they caught up with the comet in Au-
gust this year.

On Wednesday, Philae bade fare-
well to its mother ship and descended
to a comet travelling at 18 kilometres
(11 miles) per second, 510 million
kilometres (320 million miles) from
Earth.

Philae landed smack in the middle
of its targeted site, but a pair of an-
choring harpoons failed to deploy.

Philae found itself in the shadow of
a cliff, tilted at an angle that left one
of its three legs pointed to the sky.

And lack of sunlight for its solar
panels meant it had to survive on a
battery with a charge of around 60
hours, enough to carry out its sched-
uled scientific work.

Race against time
Stacked against the odds, the sci-

entists resorted to every trick pos-
sible to use power miserly and keep
Rosetta working without causing it to
drift away.

Using the lander's toolkit of 10 in-
struments, they started with passive
observation -- taking pictures, mea-
suring the comet's density, temper-
ature, and internal structure,
"sniffing" molecules of gas from its
surface -- that would not move the
craft. Finally, in the most important
but riskiest experiment of all, they
drilled a core of material out of the
comet surface to analyse its chemical
signature.

All the data had to be stored and
dispatched back to Rosetta as the
power indicators shrank towards the
red zone. AFP

Comet probe sends back science
treasure in final hours 

* Conceived more than 20 years
ago, the Rosetta mission aims at
shedding light on the origins of the
Solar System 4.6 billion years ago,
and maybe even life on Earth.
* The "67P" comet is due to loop
around the Sun next year, flaring
gas from its head and leaving a
spectacular icy trail of ice from
water stripped from its surface.
* Rosetta will escort it until the
comet heads back out towards the
depths of the Solar System in
December 2015. 

The surface of comet 67P/
Churyumov-Gerasimenko during
Philae's descent. PHOTO: AFP
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