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bird’s anatomy and physiology is designed ;ﬁ"*'i""]
and carefully calibrated for flying. To d'efy;l!’-i, o
gravity and fly in the air is not an easy. ek, T g A
and birds are masters of it. But there are, -'“ £
some birds which also take on a differert™
medium, that is water. These are collec‘cwefy
called aquatic birds or waterbirds. =1

Though the exact type of water is not
mentioned in the term “water birds”, only
freshwater birds are generally called water !
birds and the term seabirds/marine bil:ds_'_isﬂ b
used for birds that prefer the ocean.'Amon-_éh
the waterbirds, there are swimming birds, . * F.' ._
diving birds and wading birds. Wading Ibi_rd;s,":'. ﬂ: -
include very tall birds like herons, ibises, i o
egrets and flamingos which walk on shallow. ==
water beds. Soin this article, we arenot .

going to include the wading birds as they do

not swim in the water. Let us take a dive~ - 7 :
underwater and see how these birds move.

Air Vs Water - Similarities and

differences

Air and water, though they are very s
different, share some similarities with each - -
other. Gases and liquds are collectively called "
“fluids” since they have many similarities, ol

which helps the birds in using similar biome-
chanical properties. The drag and lift forces
of air and water are similar (see figure). If a
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birdis streﬂhlhﬁ'eﬂ' it |§ Ber],eflaal both in ait
and underwater Soa snmllar propulsion
mechamsm can be used.

There are also considerable differences
-between the two. Water has higher density
and viscosity, there is comparatively more
turbulence and drag.due to the high viscos-
ityin water. ; 2

Types of underwater locomotion in birds

- Despite all the challenges, some birds are

.comfortable both during flying and swim-

ming. Birds are known to use three different
types of locomotion under water, meaning
they use three different mechanisms of
movingL inside water. They are:

e ng propuISIOn Propelling onéself
forward with ﬂapplr‘ig of ngs under water.

o T -':I:I..-

Ekample: Penguins.

2. Foot Propulsion - Using the feet as a
paddle and moving forward. o
Example!Grebes.(5ee Cover for a picture of

Great Crested Grebe).

3. Plunging/Diving - Diving into the water

with force and using that force to move
forward. EXample: Gannets.

The picture onpage 6 shows wing-
propelled birds with flying, aquatic and
terrestrial locomotion abilities (1) Atlantic
Puffin; (2) Northern Gannet; (3) Chinstrap
penguin (a: walking, b: tobogganing, c:
swimming on surface, d: diving).

These birds are utilising both the media

(air and water) by exploiting an interesting
phenomenon called “trade-off”. Let us try

Reduced air pressure
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to understand what it is nonstreamlined shape
through an example. high pressure zone

low pressure zone
Imagine you are going to
an icecream shop. You have

just enough money with you
: & . y i turbulences
to buy one icecream. You see

your favourite icecream

flavour, strawberry. You want
detachment of the flow
to buy the strawberry

icecream cup. But as you are streamlined shape

about to order, you also see a
new icecream flavour called
“cotton candy”. You are
curious, you want to know
how it tastes. Now you are
confused. If you get the new
flavour icecream, you will miss ~ Streamline

out on the strawberry. But if

you get the old favourite, you cannot eat the sides and makes sure that a bird performs to

new cotton candy flavour. This is a typical a decent level in both media while compro-
trade-off situation, where if you get one mising on some other aspects. This is called a
thing, you cannot get the other thing. trade-off.

Now let us apply this to
birds. Birds are designed for
flying in a gaseous medium,
that is air. Even though air is
similar to water in many ways,
there are also differences. So
a bird which is an excellent
flyer cannot be an excellent
swimmer. Only one is pos-
sible. This is where evolution
comes in. Instead of picking
only one option, evolution
reduces the abilities on both

Western Grebe




Pure Flying Bird

BIG WINGS =
Easy slow gliding

flight
1 Low wgmg loading

Real Grebe
(Swimming + Flying Bird)

Narrow wings =
Slices water easily
1 High wing loading

Wing mass = SAME amount of feathers/bones! I
Shape changes for air vs. water
Grebe: Fast flight + deep dives!

Buoyancy is the upward force on afloat-
ing object which equals the weight of the
displaced fluid. So it depends on the den-
sity of the fluid. For example, humans float
in water but not in air. Lift is a dynamic
force, also upward, but it depends on the
pressure difference between the bottom
and top surfaces of the object and is amore
complex force. The shape of a bird’s or
aeroplane’s wing ensures there is suffi-
cient lift force for them to be able to fly.

For example, in order to fly well, a bird
has to be extremely lightweight. But if the
bird wants to go underwater and counteract
the effects of buoyancy in water, it needs
higher muscle mass.

Flying needs big wings (lots of surface
area) and a light body to easily create lift
against thin air. Diving on the other hand,
needs a heavy, compact body to sink fast
against water’s push-back (buoyancy). No
bird gets both perfectly. Birds sacrifice some
amount of the ease with which they fly for
better dives.
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Gannet diving: composite photo: Courtesy: https://www.thehallofeinar.com/



So diving birds have a higher muscle
mass, which makes underwater swimming
easier. If these birds have to fly well, they
need bigger wings, so their wing spans are
higher. Heavier body from muscles raises
“wing loading” (weight per wing area)—like
aloaded plane needs a longer runway.
Evolution has fixed this by making wings
bigger in absolute size (longer span, wider),
letting them fly fast and straight over water;
see picture. If this bird occasionally falls on

thinner but larger wing that needs to lift a
larger body mass. So these birds have a little
more difficulty in flying compared to birds
that use only flying as the mode of locomo-
tion. In order to be able to swim, these birds
have to fly with a little difficulty, using more
energy.

Is your head spinning with all these
intricacies? Remember, we have only seen
one example in detail. Trade-offs are very

Types ci); Underwater Locomotion
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land during a mistake in flying, it will be very
dangerous for it. This is the price a bird must
pay in order to be good both on air and
underwater.

But there is something very tricky at play
here. Even though the wing looks larger, the
actual proportion of the wing in weight
(wing weight divided by body weight) will be
the same. The wing will be thinner and
spread over a larger area. Now the bird has a

complicated. But they enable organisms to
explore various habitats and expand their
home range. That is why ecologists spend a
lot of time in understanding how trade offs
work in the natural world.

Can you think of any such trade off in
animals? Do let use know.

Pictures from Wikipedia, Martin Segesdi and
Tibor Pecsics, Ornis Hungarica 30(1): 30-46, 2022.



A Strange Journey of
the Eyes:

Cyclops and the

Clock in Your Brain

Zareena, Mookayi, and Mari had just left
the Museum of the Eye in San Francisco,
California, USA and were sitting in a cafe
talking.

Zar stirred her hot chocolate and looked
at her notebook. Mooks was sitting across
and doodling.

Mari slid into the chair next to
them. “Sorry! Amma told us to meet her
here.” Dr. Usha, Mari’s mother and
a biologist, had come to San Francisco for a

conference about the eye and brought
Mari and her friends with her because it was
their holidays.

“What did you think of the museum?”
Usha asked as she sat down with a cup of
coffee.

“Wonderful,” said Zar. “We saw a model
of the first eye. It was just a patch of cells
that could tell light from dark.”

Mooks tapping on her doodle asked,
“But how do you get from one light spot to
two eyes?”

Usha laughed. “For over a hundred years,
scientists have asked this question.” She
went on to say, “The eye is very compli-
cated. Darwin thought it evolved slowly, one
step at a time, but he didn’t know what
those steps were.”

“And now?” Mooks asked.

Usha took her phone out. “A new theory
from a group of scientists says it started
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about 560 million years ago with a creature
that looked like a sock.”

“Really? A sock?” Mari asked.

Usha said, “It was a soft, tube-shaped
creature that lived in the mud at the bottom
of the ocean. It stuck its head out to get
food. It had one eye on top of its head,
which was just a patch of cells that were
sensitive to light.”

Mooks said, “A cyclops.”
“Exactly!” Usha said. “A cyclops sock.”

Zar laughed. “So we came from a sock
with one eye. And then ...”

”

“Some of those animals began to swim,
Usha said. “Picture yourself floating in the
ocean. You need to know which way is up.
You can tell if it’s light or dark with one eye
on top, but not where the light is coming
from. So the eye began to change.”

Mari asked “So the ability to move was
important?”

Usha continued, “Yes. Their single eye
grew more complex. Cup-shaped depres-
sions evolved on either side, sensitive to the
direction of incoming light. These were the

”

forerunners of the retinas in our own eyes.

Zar asked “So that’s how we got the two
eyes?”

“Listen. This is where it gets really inter-
esting,” Usha said as she sipped her coffee.
“Some studies hint that, early in the evolu-
tion of vertebrates, the entire genome (a
complete set of instructions coded in DNA

Who are eyclopes?

In Greek mythology, Cyclopes are one-
eyed, giant creatures. They can be good
or bad, just like creatures in Indian mythol-
ogy. For instance, the divine black-smiths
who forged the Greek god King Zeus’s
thunderbolts, the sea god Poseidon’s tri-
dent, and the god of death Hades’ helm of
invisibility (Brontes, Steropes, Arges) were
one-eyed. In the Greek epic poem, the
Odyssey, the one-eyed shepherds like
Polyphemus are shown to be cannibals,
who eat passing sailors.

for an organism to develop and multiply)
was duplicated. An extra set of genes may
have givenrise to an extra pair of eyes-like
structures. So some early fish-like creatures
started having a pairs of eyes on the side and
a pair of light sensing eye-like structures on
the top.”

“Two pairs of eyes on the same head?”
Mooks asked.

Usha went on. “Paleontologists in China
and England have been studying some of
the earliest vertebrate fossils, which date
back 518 million years. These show traces of
eyes on the sides of the head, complete with
lenses and retinas. But at the top of the
head, there is a second pair of light-detect-
ing eyes.”

“Why would any creature need four
eyes?” Zar said puzzled.

Usha said, “These early creatures were



small, probably tasted good and they were at

the bottom of the food chain. Having eyes
on the top and sides meant they could see

Normally, only bones are left as fossils,

from which scientists try to guess the form
and function of various parts of the ani-
mal. In alucky find, mud at the Chengjiang
site in Yunnan, southern China, was so fine
that it locked soft tissues in place. Scien-
tists found the head of Myllokunmingia, an
early jawless fish that lived more than 500
million years ago. The creature may have
got trapped in the fine mud and buried in
it. Since there was no oxygen, there were
fewer bacteria to break down the soft tis-
sue. So two large lateral eyes and two
smaller organs aligned along the midline
could be seen, embedded in the rock. Min-
erals filled the delicate structures and pre-
served them for us to see today. High-pow-
ered microscopes are used to microscopi-
cally examine these patches. This allowed
the scientists to track each eye spot
through the rock!

danger coming from any direction.”

“So what happened to the extra eyes?”
Mari asked.

“Animals that got bigger and became
predators didn’t need four eyes anymore.
The side eyes got bigger and better so they
could see details, follow movement, and
judge distance. The top eyes stayed there.
They changed, that’s all.”

“How did it change?” Mooks asked.

“You still have them,” Usha said with a
smile.

The spoon fell from Mari’s hands to the
floor while she was stirring her chocolate.
“We what?”

Usha pointed between her eyebrows and
then at the middle of her forehead. “The
pineal gland is a small bundle of cells that
looks like a pine-cone and is deep inside your
brain. It still senses light directly in birds,
lizards, and fish. It doesn’t see light in you
anymore. It only secretes melatonin. But the
secretion is stimulated by darkness and
suppressed by light. So it keeps track of
time. It tells your body when to wake up and
go to sleep.”

The girls didn’t say anything. They were
thinking furiously however.

Pineal gland




“How did scientists come to this conclu-
sion?” Mari asked.

Usha said, “They didn’t only look at
fossils. They studied genes. They looked at
cells in the pineal gland and cells in the
retina, which is the part of your eyes that
senses light. The cells in both organs have a
lot in common on a molecular level, which is
interesting. They talk the same language.
Use the same tools. It’s like finding two
cousins who look almost the same, even
though one lives in Madurai and the otherin
Beijing.”

Zar whispered, “That’s hard to believe.”

“It’s proof,” Usha said. “Your eyes and
your pineal gland come from the same
ancestor. They began as one thing, but over
the course of more than half a billion years,
they became two. One became your way to
see the world. The other became your
internal clock.”

Zar looked up after she was done writing
in her notebook. “If someone asks me
where eyes come from, | can say: ‘From a
cyclops sock that lived in the mud. Then two
eyes that got moved to the sides, then two
more light-sensing eyes on top that merged
and got buried in the brain as a clock!” “

Usha laughed and said, “That’s actually
pretty accurate. But keep in mind that this
isn’t the end of the story. Scientists will keep
looking for fossils, comparing genes, and
making microscopes that work better. Every
new discovery will help us figure out better
how we got the eyes we have today.”

Zebra Fish Casper

Zetra fick and the pineal gland

In the larva stage, zebra fish are natu-
rally transparent and scientists used this
to observe theirinternal organs, especially
the pineal gland. In order to continue to
observe this gland, scientists began to
cross-breed different varieties of zebra
fish. The result was called Casper, a fish
that remains transparent even when it
grows into adulthood. They did this by de-
veloping a variety that has no pigmenta-
tion in its skin and scales. This enables sci-
entists to study the pineal gland that is lo-
cated directly under the skull.

“We learned more sitting in the cafe than
at the museum!” Mook said.

“Thanks, Amma!” Mari said with a smile.

Further reading:
Fossil shows early vertebrates had four
eyes:
https://www.earth.com/news/fossil-
shows-early-vertebrates-had-four-eyes
The Rise of Eyes Began With
Just One: https://www.nytimes.com/
2026/02/23/science/evolution-vertebrate-
eye.html
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sharp focus for many different reasons including floods,
droughts and the water crisis. Bangalore has always been a haven for nature lovers, and
Nature itself. This is because of its temperate climate, gentle and undulating parks and
botanical gardens. In addition, several small and large lakes foster biodiversity; hundreds of
trees, energise groundwater supplementation and providing recreational opportunities to
its residents.

In the recent past however, several of these lakes have been swallowed whole by
construction projects that don’t seem to understand what a fence means. Either they
straight up steal the land or they dump construction debris into adjacent swamp areas,
slowly polluting the main water bodies.

Amidst this chaos and cacophony thrives an almost unknown natural lake in'the middle

of a"housi_ﬁ layout. This story is tII'r;e second part about this beautiful lake.
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What o a wetland ecosystem

Wetland ecosystem is a distinct semi-
aquatic ecosystem whose groundcovers
are flooded or saturated in water, either
permanently, or temporarily. Wetlands
form a transitional zone between
waterbodies and dry lands, and are among
the most biologically diverse of all ecosys-
tems. They support a wide range of aquatic
and semi-aquatic plants (e.g., cattails, lil-
ies) and animals, offering critical
habitats.They function as “biological su-
permarkets” and natural filters. They help
reduce flooding of adjacent areas during
rains, store carbon, and support 40% of
world species.

especially the rich ecosystem inside the
water and around the lake-bed. The story
continues ...

By the Lake side

One of the most intriguing spots along
the lakeis a small slope that allows visitors to
walk down to the water’s edge and observe
aquatic life up-close. The shallow areas host
a thick layer of eucalyptus leaf detritus,
sheltering a variety of invertebrates.

The most populous species by far are
Nepa (water scorpions), which can be found
simply by lifting a fallen piece of wood or a
rock. Alongside them, small shrimp—likely a
species of Neocaridina shrimp, make sur-
prise appearances from under all sorts of
things. These shrimp vary in colour, appear-

ing in shades of brown, translucent blue,
green and even orange. They serve as a
favourite snack for chequered keelbacks, a
species of freshwater snake often seen
hunting along the shore.

Sadly, keelback populations have notice-
ably declined over the past two years. Along
with the keelbacks, rat snakes seem to enjoy
the more densely vegetated parts of the
lake. | have seen some snakes that are over
6 ft in length. They are opportunistic feed-
ers, snacking on everything from fish to
unsuspecting birds.

Other lake dwellers include freshwater
crabs, which experience a population surge
just before the monsoon during which time
you can find baby crabs with just a glimpse
of the waters edge, before disappearing by
summer. Some surprisingly large individuals
are found only under the occasional piece of
eucalyptus bark or rock, as well as snails such
as ramshorns and bladder snails.

In the shallows

Small fish are also abundant—tank
gobies, mosquito fish, juvenile tilapia and
carp, spike-tail paradise fish, and guppies
(non native) all thrive in the shallows. Scat-
tered on the shore, empty freshwater clam
shells hint at a substantial populationin the
lake’s deeper waters. These clams vary in
size, some no larger than a centimetre, while
others grow as big as the palm of my hand.
Lifting an empty shell often reveals baby
snakeheads, tank gobies, and juvenile



shrimp hiding beneath. On several visits, |
have come across washed-up turtle shells,
belonging to red-eared sliders—pet terra-
pins that have been irresponsibly released
into the lake, people do not seem to realise
what they are getting into when they pick up
a cute little turtle from the pet shop. Fortu-
nately, they do not seem to have established

a significant breeding population, whichis a

huge relief, considering the damage they
could cause.

Freshwater sponges

One of the lake’s most mysterious fea-
tures is the presence of strange projections
emerging from the lakebed—small, porous

embankments that become more visible
when water levels recede in the summer. |
was never able to figure out what they
were, they seemed to look a lot like coral
reefs, with porous structures and a very stiff
looking buildup. After much investigation, |
discovered that these structures are small
walls of mud encrusted by freshwater
sponges. These sponges, my personal
favourite lake inhabitants, appearin two
distinct forms: one encrusting surfaces and
the other growing in branched formations
similar to Acropora corals. They are both a

Freshwater shrimp

light green colour, due to their symbiotic
relationship with algae, that they use as a
means of making food through photosynthe-
sis, much like a coral. Additionally, as most of
their relatives do, these sponges filter water
by trapping debris and consuming the
organic matter among them.

They seem to have a yearly cycle, as the
rains reduce, the lake’s water begins to dry
up, and as this starts, the sponges seem to
vanish from all parts of the lake. | assume



that this has to do with the water quality. As
water evaporates, the concentration of
Toxins and Nitrates in the water increases,
and the sponges, notoriously sensitive to
water quality, basically disappear. As they
regress, they seem to develop small white
cysts on their surface, and these can be seen
throughout the year in soil samples under
the microscope. From this observation, |
assume they have adapted to survive as
cysts, but with the first rains of summer,
they rapidly proliferate, covering submerged
surfaces in a matter of days. Their presence
is a rare and fascinating sight, unlike any-
thing | have encountered elsewhere.
Sponges are some of the first animals in the
world having evolved some 500 million years
ago. They have been around longer than
trees; just think about that for a moment.



Clam shell

They have existed longer than trees have been
around. That, | believe, is simply remarkable.

Urban threat

Despite its biodiversity, Kasavanahalli Lake faces
increasing threats. As urbanization expands, so does
the pressure to divert sewage into the lake. Cur-
rently, wastewater entering the lake passes through
anatural filtration system—a bog filled with water
hyacinth (which bursts into purple bloom), Water
Reeds, Duckweed, Rotala and
other aquatic plants. This filtra-
tion process helps keep the
water relatively clean, as con-
firmed by water tests conducted
on either side of the bog.
However, during the monsoon,
rising water levels overwhelm
the system, allowing polluted
water to bypass the barrier and
flow directly into the main lake,
increasing contamination.

Kasavanahalli Lake is a hidden
gem, one of the last remnants of
Bangalore’s declining
biodiversity in an area undergo-

3 - :': ing rapid urbanization. Now,

W more than ever, it needs protec-
tion to ensure its unique ecosystem remains intact.
Itis a testament to what is possible if Bangalore’s
lakes are kept well-preserved and their ecosphere is
protected. The lakes of Bangalore are close to the
very heart of the city’s unique nature, and must be
preserved at all costs.

Images courtesy Bijoy Venugopal,
JLRexplore.com, and Wikipedia



The Evolution of Telecom:
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Hﬂ“elecom networks help people commu-
nicate using mobile phones. They allow us to
make calls, send messages, watch videos,
and use the internet. Over the years,
telecom technology has improved step by
step. Each improvement is called a genera-
tion, such as 1G, 2G, 3G, 4G, and 5G. Every
new generation made communication
faster, clearer, and more useful.

Martin Cooper, an American engineer
(pictured in 2007, holding a 1972 Motorola
mobile phone), led the team that in 1972-73
built the first mobile phone. He is known as
the father of the cellular phone. Early cell
phones were just for talking. Gradually, the
mobile phone manufacturers began to
understand that they could integrate other
technologies into the conventional phone
and expand its features. We now use our cell




phones more for surfing the web, checking
mails and messages, capturing photos, and

updating social media, than actually placing
calls.

1G and 2G: The Beginning of Mobile Com-
munication

1G was the first mobile phone network.
Launched by Nippon Telegraph and Tele-
phone Corporation, in 1979, 1G was intro-
duced as voice-only communication to the
citizens of Tokyo, Japan. Although being a
revolutionary technology at
the time, 1G was very
rudimentary. It only allowed
people to make voice calls.
The sound quality was poor,
and coverage was limited.
Perhaps the biggest limita-

16

tion of these early networks
was the complete lack of
security. Anyone could
eavesdrop on your call and listen to you!
However, it was very important because it
allowed people to talk on phones without
using wires for the first time.

2G brought digital technology. 2G was
launched on the Global System for Mobile
Communications (GSM) in Finland during
1991. GSM remained a popular standard for
mobiles, along with CDMA (Code Division
Multiple Access) which was more popular
in the USA. Calls became clearer and more
reliable. This generation also introduced text
messaging via SMS (short message service).
Security improved, and mobile phones

( r)

became cheaper and more popular. The
digital network was more efficient so it could
support more number of calls at one time,
and so more users could easily make calls.
This improvement in capacity as well as
developments in reducing the physical size
and cost of mobile phones were crucial in
the explosion of demand for mobile ser-
vices. Communication became personal and
portable, and many people started using
mobile phones daily. Can you imagine there
was a time when people used phones once a

Generation Symbols

week or even less?!
3G: Internet Comes to Mobile Phones

3G arrived in the early 2000s. Introduced
for the public in Japan by NTT DoCoMo in
2001, 3G was introduced to provide faster
data-transmission speeds. Users could access
data from anywhere, which paved the way
for international roaming services to begin.
Video streaming, video conferences, and
live video chat became real in the 3G era.
This generation made it possible to use the
internet on mobile phones. People could
browse websites, send emails, and use



simple applications. It also supported photos
and basic multimedia. This early video calling
technology utilised circuit switching and was
billed by the minute making it an expensive
option. It also had the problem that many of
these early 3G mobile devices were
equipped with basic cameras and video
quality was often poor.

3G was important because it introduced
data services as a core feature. Phones were
no longer just for calling and texting. This
period marked the beginning of
smartphones and mobile apps.

that both participants must be using VoLTE
and should be in VOLTE enabled areas.

Mobile internet gave way to mobile
broadband. That is, instead of using the
cellular 4G network, internet access could
also be enabled through a portable or
wireless modem which could provide higher
speeds and practically unlimited data down-
loads. Mobile app stores, such as Apple’s
App Store and Google’s Play Store, gave
users access to a vast array of applications
for productivity, entertainment, social
networking, and much more. It allowed

G: The Smartphone and TeraHertz frequencies

5 smartpho 100 MB/s, & Al infused applications
HD Streaming, 202X
Voice Calls, Video Chat
4G, also known as LTE MMS. Pickives 2020

Long Term Evolution Basic Texting 2010
Cel-Toks ), - G XG
made mobile internet very 1990 4 5
fast. It’s an upgraded 1980 G

3G 100 * speed of 4G,
network for both GSM and 2G 4GB/s download speed
. loT, Smart Cities,
CDMA based networks. LTE 1 G gs.dselohl'l:-elr:e-:-v. Autonomous Cars, Remote Robotics
increases bandwidth Browsing
Audio Signal

available for voice and data
communications, along with
a number of network
improvements.

Voice over LTE (VoLTE)
is a voice technology that
works over the LTE data
connection, rather than 3G
voice bands. It provides
extremely high voice

Technology

quality, and also includes
the ability to make video
calls. The requirement is

Wireless Phone Calls

Mobile Networks Evolution From 1G To 5G

Phones Became
Computers

Wireless
Capability

Digital
Technology

Unparalleled
Latency



When we speak or hear something, the sound travels as waves. Our voices contain

many frequencies or wavelengths. When we want to send these signals on wires, it be-

comes difficult because these are random waves and to get an exact match of the original

sound, we have to send the details of the amplitude and frequency at very short intervals

to reconstruct the wave pattern. So these waves are approximated as a collecion of con-

tinuous signals and our speech is transmitted (as data) as a collection of sine waves. This is

ANALOG SIGNAL
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VOLTAGE

TIME

DIGITAL SIGNAL
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TIME

people to stream videos, use social media,
and download apps easily. Services like
online shopping, food delivery, ride-hailing,
and mobile banking became common.

Pugsles to Pugzle You!

Stiding Block

The diagram shows a cross-shaped box
containing three numbered blocks. The puzzle |
is to slide the blocks around the box until the
numbers read 1, 2, 3 as you go down.

How do you do it? And how many moves does |
it take? (A single move is one block wide, so if
you move two block widths, that’s called two

moves).

From mathsisfun.com

called Analog technology. It is very good for
audio and video but is susceptible to noise.

On the other hand, digital technology uses
just os and 1s (where 0 means nothing is trans-
mitted and 1 means just one square wave last-
ing for a fixed time is transmitted). This not
only gives better precision and less noise, but
the communication becomes faster, and stor-
age of such data is much easier.

With a performance roughly 10 times
faster than 3G services, 4G provided high-
quality video streaming, quick web access,
HD videos, and online gaming. With 4G,

4 &
I = a a
| - ;.

Answer on page 23.



smartphones became the main digital device
for many people around the world. Busi-
nesses also started creating services mainly
for mobile users. As a result, the amount of
data used on networks increased greatly.

The improved capabilities of 4G networks
also led to the development of Internet of
Things (1oT) devices and applications.

The Internet of Things refers to physical
smart devices that communicate with

each other via the Internet, for instance,
fitness watches like Fitbit or Mi band, smart
homes, driverless vehicles (cars and trains),
etc.

5G: Smarter and Faster Networks

South Korea was the first country to offer
5G in March 2019. Experts claim that 5G is 20
times faster than 4G. The latency over 5G is
incredibly reduced which means faster
response time. 5G also has a larger band-
width size, supporting more technologies
and devices. It is an essential requirement
for smart cities and other industries.

5G is not just a faster version of 4G. Itis a
smarter and more flexible network. It
provides very high speeds, very low delay,
and the ability to connect many devices at
the same time.

5G supports:

e  High-quality video and virtual reality,

e  Smart factories and hospitals,

e Connected cars and smart cities,

e  Millions of devices like sensors and
machines.

5G helps industries use digital technology
in new and advanced ways.

Why Do We Need the Next Generation?

Even though 5G is powerful, new
challenges are growing. There is a huge
increase in data from videos, games, and
artificial intelligence. Networks now serve
machines and robots, not just people. Some
applications need instant response, such as
remote surgery. There is also a strong need
to save energy and protect the environ-
ment.

Because of these reasons, scientists and
engineers are already working on the next
generation: 6G.

6G: The Network of the Future

6G is still being researched, but it is
expected to be much more advanced. It will
use artificial intelligence (Al) inside the
network to manage itself. 6G networks will
be extremely fast, have almost no delay, and
be very reliable.

6G may also:

e Sense |location and movement

e  Support advanced virtual and mixed
reality

e Use less energy and be more eco-
friendly

e  Connect through satellites and space
networks

Unlike earlier generations, 6G networks
will not just connect devices—they will be
able to think, learn, and adapt.



Conclusion daily life. In the future, 6G will connect the

Telecom technology has evolved from SligiEllane 3liys e e 65 yEm eI
closely. The future of telecom is not just

networks. The journey can be summarized about speed, but about smart, efficient, and
as: intelligent communication.

simple voice calls to smart and intelligent

Sources: Wikipedia, https://
rancholabs.medium.com/ history-of-mobiles-from-1g-
to-5g, https:www.mpirical.com

Voice ! Data’! Apps ’! Intelligent Networks

Today, 5G is transforming industries and

Answer to puzzle on page 21:
Eight moves; see figure.
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Atmosphere, climate,

life
Ramal Lodaya,

Bengaluru

This is the first of a series of articles on
the close correlation between the atmo-
sphere, the ocean, and the weather ... and
not just on Earth alone.

Dlanets and thein onbits

The planets in our Solar System revolve
around the Sun in almost the same plane;
see the blue orbits of the planets in the
picture. But dwarf planets like Pluto and
Eris have orbits which are well outside this
plane. Moreover, all the planets spin
around an axis which may not be exactly
perpendicular to the plane. For instance,
you may know that the Earth’s spin axis is
at an angle of 23.5 degrees from the verti-

Moon has weather. It is hot in the day at cal. You can see from the picture that Ura-

100° C (one Moon daytime is 15 Earth days), nus spins almost completely ‘on its side’.
cold at night at -180°C (again 15 Earth days). It

n?
doesn’t have much of climate. This is what spin?)

(Have you ever wondered why all planets

k h ing all dth .
&€ps on happening afl round the year couple of lakh kilometres. The distance to

Earth’s distance from the Sun is the same  the Sun changes by about 45 lakh kilometres

as the Moon (15 crore km), give or take a over the year, but this does not affect Earth

Solar System

Haumea
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"
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Venus

177.4°

Mercury
0.03°

very much since it is just a 3% variation. Earth
has climate because its gravity allows it to
hold on to an atmosphere, made up of
nitrogen, oxygen and other gases.

Mercury’s distance from the Sun is a little
less than 6 crore km. In fact all the four inner
planets are very close to the Sun. See the

Uranus

97.8°

Jupiter Saturn

3.1* 26.7°

Neptune
28.3°

picture which shows the distance of all
planets from the Sun, along with their period
of revolution. You may more often see the
picture where the the distances of the inner
planets are not to scale; see the picture
where the colours of the planets are correct,
but not their distances.

Orbital Rotation Periods vs Distance from the Sun

1000

A

Jupiter (5.2, 11.8)

Saturn (9.5

Orbital Rotation, Earth years
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Mars also has no atmosphere

Since Mars is so close to the Sun as a
result it is more than 400° Cin the day and -
170° C at night. It is much smaller than Earth
and only a little bigger than the Moon. Like
the Moon its gravity is too small to let it hold
on to an atmosphere. (The light gases that
made up its atmosphere slowly escaped over
time.)

dna
onggong Xiangliu
. Eris Dysnomia
*—Orcus Vanth
*— Quaoar Weywot
*— Makemake $/2015(136472)1
*—Haumea Namal
s»— Pluto Charon,
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Venus has an atmosphere

Venus’s distance from the Sunis a little
over 10 crore km. Venus is around the same
size as Earth; its gravity allows it to hold on to
its atmosphere. Venus’s atmosphere is
mostly carbon dioxide, so about 90 times as
dense as Earth’s. This creates a greenhouse
effect, heating up the whole planet to 500° C

or more, whether it is day or night. It is
possible that very high in its atmosphere
where the temperatures are more moder-
ate, some form of life could survive. No one
really expects this. Although we haven’t
studied it a lot, Venus doesn’t appear to have
much climate variation.

Earth and its Seasons

Earth’s atmosphere also creates a green-

“ Earth

Mercury §
1 Moon i
Jupiter
lo
Europa
Ganymecde
Calisto

house effect. It is not so dense that the
whole Earth is heated up to the same tem-
perature. Earth’s axis on which it rotates is
tilted by 23 degrees, so that also makes a
difference. When the North Pole is tilted
towards the Sun, the region North of 67
degrees North latitude receives sunlight all
day long (summer) at 10° C. The South Pole is



tilted away from the Sun, so when itis hot
and sunny at the North pole, the region
South of 67 degrees South latitude is in
darkness (winter) at -40° C. The entire
Northern hemisphere has longer days
(summer) and shorter nights. The entire

Sun rays

Earth Axis

Summer Solstice

Southern hemisphere has shorter days
(winter) and longer nights.

We call these seasons. They are deter-
mined by the tilt of the axis. In summer the
Sun is directly overhead at 23 degrees North
latitude of the Equator, which is called the
Tropic of Cancer. This imaginary line passes
through eight Indian states: Gujarat,
Rajasthan, Madhya Pradesh, Chhattisgarh,
Jharkhand, West Bengal, Tripura, and
Mizoram. See the line marked on the
Bhopal-Sanchi highway near Salamatpur in
the picture! This is called the Summer
Solstice; see figure.

Six months later at the other end of
Earth’s orbit around the Sun, the North Pole
is tilted away from the Sun and the South
Pole towards the Sun. So the Southern
hemisphere has longer days (summer) and
shorter nights. The Sunis directly overhead
23 degrees South latitude of the Equator,
which is called the Tropic of Capricorn. This is
the Winter Solstice (see figure), and at this

time, the Northern hemi-
sphere has winter.

Arctic Circle

Climate Zones on Earth

Tropic of Cancer

The area between these
Equator two latitudes (23 degrees

North to 23 degrees South) is
Tropic of Capricorn .
called the Tropics. The
Equator receives sunlight at a
high angle, so it is hotter, say
40° Cin the day time and 15° C

at night. Tropical climate is hot

Antarctic Circle
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The Poles receive

sunlight at a low angle, so they are much much less dense, about 1 per cent of Earth.
colder, even in summer. The climate North The greenhouse effect of its atmosphere

of 67 degrees North latitude and South of 67  has saved Mars from the harshness of the
degrees South latitude is called Tundra. It Moon’s weather. Mars is 23 crore km from
has very mild summer and very cold winter.  the Sun, the hottest in tropical summer is 35°

Does Mars have seasons? G, the coldest in polar winter is -110° C.

Mars has climate too. Mars could have
had life in the past when it is believed it had
more air. No evidence has been found but

The planet Mars also has seasons, its axis
is also tilted like Earth’s. It is a smaller planet
than Venus and Earth, its gravity is less, its
. S several rovers have been landed on Mars.
atmosphere is mostly carbon dioxide but

They are travelling around
Earth Axis on Mars and looking for

evidence.
Arctic Circle - Towards Jupiter

Two spacecraft, JUICE
(Jupiter Icy Moons Ex-

Tropic of Cancer

Sun rays

plorer) and Europa Clip-

Equator per, are on their way to

Jupiter and Europa, a

Tropic of Capricorn

moon of the giant planet

antarctic Circle  Jupiter. They will reach in
Winter Solstice 2030-2031in the hope of



finding life there. Europa is one of the four
moons discovered by Italian scientist Galileo
Galilei with his telescope in the 17th century.
These moons can be easily seen with a small
telescope. Europais as big as our Moon, so it
does not have much gravity. Its axis does not
have a tilt to cause seasons. Temperatures
are from -160° C at the Equator to -220° C at
its Poles.

Historical note. In most civilizations,
yellowish-red coloured Mars has been seen
as a god of war. Its becoming brighter is
seen as presaging some conflict. Science
requires the greatest humility, one should be
prepared for the fact that the colour of Mars
may have nothing to do with civilization.
Mars is yellowish-red for the same reason
that the land around us looks brown, it is
covered with dust. Even after the telescope
was invented, in
the 19th century

A TRIO OF MISSIONS: JUNO, JUICE AND EUROPA CLIPPER

Their destination may be the same, but Juno, Juice and Europa Clipper are all unique missions with different goals

some scientists

and instruments. Juno's discoveries are being used to optimise plans for Juice and Europa Ciipper. thou ght some
— dark shades in the

W brown were

T;‘Eﬂ."‘ because of

JUNO
Target: Jupiter

Arvival: 2016

Special skill: a polar orbit that goes very close
to Jupiter, allowing deep mapping of its gravity
and magnetic fields

JUICE

Targets: Jupiter, Ganymede, Europa, Callisto
Arrival: 2031

Spedial skill: observing Jupiter and its icy

moons to provide 3 complete view of habitable
conditions in the Jovian system

We do not expect any climate there. So

why send spacecraft there? Europa has a
very thin oxygen atmosphere, much less
than Mars, but an atmosphere. Why didn’t
Europa lose its atmosphere like Mercury and
our Moon did with their weak gravity? The
most likely cause is continuous supply of
oxygen from an ocean under its surface. It is
thought that primitive life forms like bacteria
could survive in the ocean. The table sum-
marizes all that we have seen above and also
other moons of Jupiter.

Martians building
canals. The 19th

EUROPA CLIPPER
century Greek-
Target: Europa
Arrivak: 2030 French astrono-
P wmosriesill Mer Eugene
site for a future Europa lander . .
Antoniadi argued

against them,
pointing out that
just like we have dust storms on Earth. Mars
has huge planet-wide dust storms.

In this section we did not talk of humanity
or even of trees. The only form of life we
mentioned is bacteria. It may be that in any
place where life exists (including Earth), the
most important life form may be bacteria.

To be continued

Images from Wikipedia
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Bird
D() You Vnow?

After the platypus, it is the turn of birds. Do you know the answers to these bird
questions?

1. Woodpeckers (as their names suggest), hammer on tree barks. How come they
don’t injure themselves in the process?

2. Can crows really recogniseand differentiate human beings?
3. Why are flamingoes pink in colour?

4. Are any birds poisonous?

Answers to these questions in the next issue of JM.

Answers to last issue’s Animal Do You Know?

This oneis about the very strange and fascinating platypus! The platypus is one of Australia’s
most extraordinary animals. The platypus lives both on land and in water. It is approximately
50 cm in length and is covered in waterproof fur except on its feet and bill. It has dark
brown fur on its back with light brown fur underneath. Its body is streamlined, and along
with short limbs and broad webbed feet, it is perfectly built for swimming. Each of its feet
has five clawed digits.

Platypuses’ back legs act as a rudder when swimming to help steer and change direction.
The front feet have enlarged webbing that extends beyond the claws to provide power
while swimming. So, despite its odd looks, the platypus is perfectly adapted to its
environment.

It has a bill and webbed feet like a duck, but is covered in thick fur like an otter, and has a
flattened tail like a beaver! In fact, platypus means “flat footed duck”.

Classification of the platypus was initially a challenge as the number of specimens available
in Europe were either incomplete or preserved. In fact, many scientists thought that the
animal sent to them was a hoax.

1. Is a platypus a mammal or a bird? mammal because it has fur, is warm-
blooded, and produces milk to feed its

Ans: The platypus is a unique mammal, not a young.

bird. Although it lays eggs, has a beak, and
possesses webbed feet, it is classified as a To remind you: mammals are warm-



Platypus drawing

blooded, give birth to live young and feed
them milk. Birds are also warm-blooded but
lay eggs, and reptiles are cold-blooded egg-
layers that rely on the Sun or another heat
source to warm them up. But platypuses are
mammals that lay eggs! Even scientists were
initially confused!

The platypus was ultimately placed into a
new order called Monotremata.
Monotremes are egg-laying mammals that
produce milk for their young. They are
found only in eastern Australia.

Amniotes are the common ancestor of all
mammals, birds and reptiles. Mammals split
from birds and reptiles around 315 million
years ago.

Monotremes are not direct relatives of birds
and reptiles, but they are often considered
the most basal of all mammals. They split
from the line leading to placental mammals -
which includes humans - around 166 million
years ago. The platypus’s overlapping
characteristics with other classes are likely
evolutionary leftovers.

Sequencing of the platypus genome (DNA)
reveals that the platypus has about 18,000
genes; humans, by comparison, have
somewhere around 20,000. Moreover,
roughly 82% of the platypus’s genes are
shared between monotremes, marsupials
(which carry their under-developed young in
pouches like kangaroos), eutherians
(mammals with placenta such as elephants
and humans), birds, and reptiles. The
overlapping features has led scientists to
consider that the platypus actually
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Platypus spur

represents a living missing link between
reptiles and mammals.

2. Does a platypus have a stomach?

Ans: No, platypuses do not have a functional
stomach. Their esophagus connects directly
to their intestines, meaning they lack the
acid-producing organ found in most
mammals. Food is crushed by grinding plates
in their bill, and digestion is completed in the
intestines.

Platypuses have lost the genes for
producing stomach acid and pepsinogen
(protein-digesting enzymes). Because they
eat small aquatic invertebrates containing
calcium carbonate (which neutralizes acid),
a stomach is not needed.

Their digestive tract is simplified to skip the
acidic stomach phase.

3. How does a platypus defend itself?

Ans: Male platypuses have a 1.5-2 cm long
spur on each hind leg at the ankle
connected to a crural gland that produces
secretions. They are normally shy creatures.
When threatened, they hook these spurs
into predators or rival males to inject a
complex, highly painful venom, causing
immediate, severe pain and swelling.

While not fatal to humans, the venomis
strong enough to kill smaller animals like
dogs. It is most potent during the breeding
season to establish territory.

Platypuses are shy and cautious. They prefer
to avoid danger by diving underwater and
hiding in their riverbank burrows. They use
their strong claws mainly for digging. Only
males are venomous; females lack



functional spurs.
4. How does a platypus find its way in water?

Ans: Platypuses have eyes above their bill so
they are not able see things directly below
them. Skin flaps cover the platypus’ eyes,
ears and nostrils underwater which means it
is temporarily blind when swimming.
Instead, the platypus uses its bill to feel its
way and find food under water.

The platypus’ diet consists of a variety of
insect larvae, yabbies, small fish and worms.

"= 7
. : -

Otter %

Platypuses find their food amongst the
rocks, leaf litter and other material on the
bottom of the water body with their bill.
They then store the food collected in large
cheek pouches, and chew it when they
reach the surface. Each dive usually lasts
between 30 and 60 seconds.

Since platypuses essentially turn off their
sight, smell, and hearing under water, how
do they hunt for prey? They rely instead on a
highly sensitive bill to detect prey in two
ways:

. they use specialised electro-receptors to

detect tiny electric fields from prey and

. use mechano-receptors to sense water
pressure and movement.

This allows them to navigate and hunt even
in dark, murky water where sight will be
useless.

Electro-location: The bill contains over
40,000 electro-receptors that detect weak
electric currents produced by the muscle
contractions of prey, such as shrimp and
worms.

Mallard Duck

Pressure Sensors (Mechano-reception):
Along with electro-receptors, the bill has
over 60,000 mechano-receptors, known as
“push rods”, which are sensitive to touch
and water pressure, allowing them to detect
movement in the water.

The platypus sweeps its bill side-to-side on
the riverbed, using these sensors to locate
prey and navigate.

5. What is so special about platypus fur?

Ans: Platypus fur is exceptionally dense and



Baby Platypus

specialized, providing superior insulation
and waterproofing to keep the animal warm
and dry in cold water. It consists of two
layers: a waterproof topcoat of coarse guard
hairs and a dense fine underfur that traps
air. Platypuses use their fur to trap a layer of
air next to their skin so they can remain
buoyant and dry when they’re underwater,
which they are a lot. The platypus spends
about 12 hours every day underwater
looking for food.

Recent research shows that it is bio-
fluorescent, so it glows cyan/green under UV
light! The reason for this is not clear but it
may have something to do with night-time
camouflage.

The fur is among the densest of all
mammals. It acts like a wetsuit, keeping the
skin dry and maintaining insulation, which is
better than that of polar bears or beavers.

A groundbreaking discovery this year
showed that platypuses are the first known
mammals with hollow pigment-containing
structures (melanosomes) in their fur. That
is, it possesses unique hollow pigment
structures similar to bird feathers. Such a
feature was previously thought to only exist
in bird feathers.

The platypus uses its hind claws for
constant, meticulous grooming to keep the
fur in top condition. This unique
combination of features makes the platypus
one of the most remarkable and specialized
aquatic mammals.

Sources: Several, including

https://wwf.org.au/blogs/9-interesting-
platypus-facts/
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Nature Diary

Bombax Geiba
the Cilk colton Tiee

Hndian Names: Simul, Roktosimul, Malabar
Semul, Elava Maram, Buruga, Kapok tree

Silk cotton tree is a type of native cotton
tree with large red flowers. The genus name
Salmalia is derived from the Sanskrit name
shaalmali.

The trees bear beautiful red-colored flowers
during January to March; see back cover. It
paints the whole landscape in an enchanting
red colour. The fruit, the size of a ping-pong
ball, on maturity appears during March and
April. These are full of cotton-like fibrous
stuff. It is for the fibre that villagers gather
the semul fruit and extract the cotton
substance called “kopak”. This substance is
used for filling economically priced pillows,
quilts, sofas etc.

The fruit is cooked and eaten and also
pickled. It is quite a fast growing tree and
can attain a girth of 2 to 3 m, and height

Flower closeup

about 30 m, in nearly 50 years or so.

Its wood, when sawn fresh, is white in color.
However, with exposure and passage of
time it grows darkish gray. It is very light
with a density of about 0.4 gm/cc. It is easy
to work but not durable anywhere other
than under water. So it is popular for
construction work, but is very good and
prized for manufacture of plywood, match
boxes and sticks, patterns, moulds, etc. It is
also used for making canoes and light duty
boats and or other structures required
under water. The wood is soft and is often
used for making paper, while in rural areas, it
is used as fuelwood and for making cheap
furniture.

Bombax species are used as food plants by
the larvae of some species including the
leaf-miner moth species Bucculatrix
crateracma which feeds exclusively on
Bombax ceiba.

The golden-crowned sparrow (see back
cover) weaves the lining of its nests with
white cotton from its seeds.

Sources: Wikipedia,
https://www.flowersofindia.net/catalog/
slides/Silk%20Cotton%20Tree.html
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