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Brain Teasers

1. You areyour way tovisit your
Grandma, who livesat theend of the
valley. It'sher birthday, and you want to
give her the cakesyou' ve made.

Between your house and her house, you
haveto cross 7 bridges, and asit goesin
theland of makebelieve, thereisatroll
under every bridge! Eachtroll, quite
rightly, ingststhat you pay atroll toll.

Beforeyou can crosstheir bridge, you
haveto givethem half of the cakesyou are
carrying, but asthey arekindtrolls, they
each giveyou back asinglecake.

How many cakesdo you havetoleave
homewithto makesurethat you arrive at
Grandma swith exactly 2 cakes?

2. | haveamachinewhich hasfour
sequentia cogwheelsin constant mesh.
Thelargest cog has 81 teeth and the others
have 52, 36 and 20 respectively.

What isthe fewest number of
revolutionsthelargest cog must make so
that all of the cogsareback intheir starting

position?

Answers to last issue’s Brain Teasers

1. Logic Puzzles (stamps): The Grand
Master takes a set of 8 stamps, 4 red and 4
green, and loosely affixestwo to theforehead
of each of three logicians A, B, and C, so
that each logician can see all the other
stamps except those two in the Grand
Master’s pocket and the two on her own
forehead. He asks themin turn if they know
the colorsof their own stamps. Their answers
are

A: “No.”
B: “No.”
C: “No.”
A: “No.”
B: “ Yes.”

That is, after one round of answers, in
the second round, B says that she knows the
answer. What color stamps does B have?

Ans: Theanswer, asisusual insuch cases,
isby aprocessof dimination. But thistimeit's
alittletrickier sinceit turnsout that we cannot
solve thewhole puzzle; we can only find out
the colours of B’s stamps. Since B finds the
answer, let usarguefrom her view-point. Also
keep in mind that either thetwo stampsonthe
peopl€e sforehead are of the same colour (red-
red RR or green-green GG) or of different
colours(green-red GR).

So B will first seewhat happensif she has
RR stamps (or GG stamps, thelogicisthesame
for same-colour samps). Then shewill seewhat
happensif she has RG stampsand then check
which oneisconsistent with the observations
above.

Let us start with B assuming that she has
RR. Inthefirst round dl of them saidthey could
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not tell. What arethe possibilities?

SupposeA dsohasRR. Then Cwould have
seen that both A and B have RR. Sinceall the
redsareused up, inthefirst rounditself Cwould
say that she (C hersdlf) hasGG But shedidn’t
say s0. So, B would argue, A would have seen
RR on B and would have realised that if she
had RR, C should haveanswered ‘yes onthe
first rounditself. So A would realise that she
doesnot haveRR.

S0 A now thinksthat shehas GG, But if C
has RR (and B has RR, too, since that isthe
starting assumption), then A would have been
abletotdl at thevery beginningthat sheisGG
Soobvioudy C cannot have RR. But C cannot
have GG either, because then B would have
seen that both A and C have GG and sointhe
first rounditself B would have got the answer.
Now Cwould haveredlised thefollowing:

If she(C) had RR, A would have seenfour
reds and would have answered that she (A)
had GG inthefirgt round. Ontheother hand, if
C also has GG, then B would have seen four
greensand shewould have answered that she
(B) had RR. So Cwould haveredized that, if
A has GG and B has RR, and if neither

answered on thefirst turn, then shemust have
green-red and shewould havegiventheanswer
inthefirg rounditsdf. But Cdidn’'t! Soit means
that A cannot be GG. So now we seethat at the
end of thefirst round, B hasargued that if she
hersalf hasRR, A would haverealised that she
(A) cannot have RR or GG and so must be
RG

Thismeansthat at her second turn, A should
have giventheanswer. But A didn’t; shestill
said ‘'no’. So B redlisesthat thiscould only be
because she hersdlf doesn’t have RR, because
that isthe assumption we started out with.

In a similar way, you can eliminate the
possibility that B has GG. Thisleavestheonly
possibility for B, that she has GR. So in her
second turn, sheanswers, ‘yes . Notethat we
still do not know what A and C have.

2. Wired Equator: The circumference of
the Earth is approximately 40,000 km. If we
made a circle of wire around the globe, that
isonly 10 meters (0.01 km) longer than the
circumference of the globe (40000.01 km),
how much gap would there be between the
wireand the ground? Would it be big enough
for a flea, a mouse, or even a man to creep
under it?

Ans. Thisisaneasy one. All you havetodo
istoimaginetwo circles, onelonger by 10 m.
Sothelonger onehasalarger radius. Using the
formulafor perimeter in terms of the radius:
perimeter P=2 &t r, we have r = P/(2r). We
cancaculatetheradiusfor P and P,, thelarger
and smdller perimeters. Thedifference between
thetwo radii isthe space between thewireand
theground. Thisis(P,-P,)/(2r) = (10 m)/(2r)
= 1.6 m approximately. So achild can easily
walk through the gap and atall person hasto
duck.
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Mysterious
Dark Matter

M.V.N. Murthy,

The Institute of Mathematical Sciences,
Chennai

Our expanding Universe

When we seethenight sky, it presentsa
pictureof planets, stars, galaxies, and many
other types of astronomical objectsnot
necessarily visibletothenaked eye. Itisa
pictureof camwhich hidesthefact that the
Universeisinfact fast expanding. Thiswas
first noted by Edwin Hubblein 1929. Hubble
observed that the galaxies outside of our own
Milky Way gdaxy aredl moving away from
usat aspeed that isproportiona tothe
distancefrom our own galaxy.

The Big Bang

Working backwardsit iseasy to seethat
theremust have been atimewhen the
Universewassmdll, indeed asingle point at
birth. This happened approximately about 14
billionyearsago. Thefact that the Universe
must havebeen born at asingleinstant is
caledthe”BigBang’, aword coined by
astronomer Fred Hoyle after it was proposed
by Georges Lemaitre inthe 1920s.

Thebasic principlecomesfrom Eingtein’s
famous equation, E=mc?, which givesthe
relation between matter withamassmandits
equivaent energy E. The present

understanding, based on nearly acentury of
observationsand ideas, saysthat an
extremely concentrated form of energy was
transformed into particles of matter
immediately after thebig bang.

Atoms are formed

According tothesetheoriestheUniverse
after one second wasaseaof different kinds
of particlessuch asprotons, neutrons,
electrons, neutrinosand photonsat a
temperature of 10 billion degrees. Asthe
Universe started cooling dueto expansion,
the neutrons combined with protonsto form
nuclei. Uponfurther cooling thesenucle
combined with electronsto form neutra
atomsleading to theformation of matter.

The role of Gravity

Much later, some 150 million yearsafter
thebirth of the Universe, starsbegantoform.
They gtarted collecting together toform
gaaxies. Galaxiesstarted to cluster together.
It wasgravity, at thisstage, that wastheglue
that held theselarge obj ectstogether. When
some of these big objectscollided they gave
risetolittle pieces, some of which may have
become planet-like objects. Thisultimately
resulted in theformation of our own solar
system and probably many more such
systems.

Something is missing

Thisnest littlehistory of theUniverseis
actualy more complicated than it appearsat
the outset. The problem wasin fact noticed
long ago when Jan Oort in 1932 observed
someunusud effectscalled anomaliesinthe
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orbital speed of starsin our own galaxy (See
box for moreexplanations). At thesametime
astronomer Fritz Zwicky noticedasimilar
anomaly intherotationsof galaxiesinlarge
gaaxy clugers.

Afterdl, theonly forcethat isresponsible
for themotion of starsinagaaxy, andfor the
motion of galaxiesinacluster isgravity. The
effect of gravity can becalculated entirely by
knowing themassdigtributioningalaxiesand
clusterssincethegravitationd forceis
proportional to themassesof theinteracting
bodies(andinversely proportional tothe
sguare of the distance between them).
Surprisingly, their observationsshowed that it
required almost fiveto six timesthe massthat
iscontainedinthegalaxiesand clustersthan
they were ableto account for fromthevisible
matter contained in the stars. Zwicky named
thismissing matter asDark Matter.

Itisthisrotational speed
observation that caused Jan
Oort (inthe case of stars) and
Zwicky (inthecaseof
gaaxies) to concludethat
thereisamissing mass, five
timesthevisiblemassthat we
see, either visudly or
otherwise.

Inthelate sixtiesand early
seventies, Vera Rubin, an
astronomer at Carnegie
Ingtitution in Washington,
worked with an accurate
spectrographwhich could
measuretherotational speeds
with grester accuracy than
ever before. Sheand her

colleagues systematically measured the
velocity curveof starsinspiral galaxies.

VeraRubin discovered that the speed of
most starsin spira galaxiesoutsidethebulge
did not decrease astheir distancefromthe
centreincreased. Instead they orbited roughly
at the same speed. What could cause such an
effect?

There is Dark Matter

Consider starsnear the centre of agalaxy.
Asyou go further away from the centre (but
remainwithinthe bulge), thereare moreand
more starsin theinner region, and hence
moremass contained inside theradiusat
whichthestar issituated. Itisthiseffect that
makesthevelocitiesincrease astheradius
increases. Onceyou arefar away fromthe
centre, thereishardly any changeinthemass
contained asyou go farther away andthisis

expected

from

- _ luminous disk

10

M33 rotation curve

5 b Jantar Mantar Children’s Science Observatory July - August 2013



Dok Peiller and Aar velocilies

We can understand their observations Thereforethe speed should decrease
throughasmplecalculation. Likeour inversely asthe square root of the
own Milky Way, thereare spiral galaxies distancefrom the centre.

inwhichthestarsorbit around acentre
where much of themassis concentrated.
The centre of such galaxiesiscdledthe
galacticbulgeand let uscal themass
contained inthe centreas M.

Ontheother hand, if the star isinside
thebulge, thenthevolumeenclosedinside
theradiusrisgivenby (4/3)r r3. If we
congder thedensity of sarsinsidethe
bulgeto beroughly constant, say, p, then

If themassof thestar ism, itsdistance themassenclosed = volume X density =
fromthecentreisr and itsrotational (4/3)r r*p. Insuch asituation, mv/r =
speedisv, thenthe star isattracted to the GM (4/3)r r3p/r? or thevelocity is
entiremassM intheinterior of thegalaxy proportional tor closeto the centre, or
(that is, everythinginsidetheradiusr) due thevelocity inthecentral regionincreases
to gravity. Thestar isrotating about the withthedistance.

central bulge, so the centripetal forcethat

So we seethat therotational speed
isholdingitinorbitisequal tothe W | -

otiondl f Someolder read closetothe centreincreaseslinearly upto
e apoint and then decreasesfor large

mey repogni SN 12 .cz.aref.ul distancesfromthe centre (outsidethe
to specify thevalues of these quantitiesin bulge).

theframeinwhichthestar isat rest, but
thisisnot important for now).

Thecentripeta forceiscalculated as

mv2r whilethegravitationa attraction il
) ular clusters

between the star and the inner part of " withhalo
thegalaxy isG Mm/r. Here Gisthe
gravitational constant andisrelated to
theaccel eration dueto Earth’sgravity,
g=9.8m/s.

Fromthestructureof thegalaxy itis

' _ Disk with
obviousthat most of themassis : spiral arms
concentrated inthe central bulge. : .
Therefore, therotational speed vZ=
GM/r or isproportional to 1/r (or
decreasing) far away from thebulge.
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what makesthevel ocity decreaseat large
distances.

Now VeraRubin discovered that the
velocitesof distant starsare not decreasing.
Thismeansthat thereisan additiona mass
that isinvisbleto us, that iscausing thiseffect.
Thisaso meansthat themassdensitiesin
thesegalaxiesaremoreor lessuniform. You
can see some of the measurementsinthe
figure

Thedashed line showswhat isexpected
fromthevisiblematter distribution whereas
the observations show that the speedsare
increasing and do not show any decreasing
tendency. If wework out themass
distribution required to explain therotational
curve asobserved by VeraRubin, itisfound
that most gal axies contain about six timesthe
massthat can be accounted for by thevisible
gars. Their distribution extends even beyond
thegdacticbulgeandisamost uniformly
distributed. Becausewe do not know what
thismatter is, except that it exerts
gravitationd forcelikeordinary matter, it was
termed Dark Matter, in the sensethat it does
not shineor reflect any light.

Gravitational lensing

Thereisnow independent evidencefor
dark matter throughwhat iscalled
gravitational lensing. Light bendswhen
going through an optical medium likealens; it
aso bendsaround amassivegravitating
object. Thisoneof the central results of
Eingtein’stheory of gravitation. A distant
bright star may be hidden behind amassive
object, but it may becomevisible becauseits
light can bend around the massive object and

reach us. Thisisknown asgravitationa
lensng.

If dark matter exertsgravity asshown by
therotational curves, they should aso cause
gravitationa lensing. Thisishard to observein
our own galaxy but easier to observein other
astronomica objectsthrough powerful space-
based tel escopes.

Themost spectacular observation of such
alensingisinasystem known asBullet
Cluster. Thiscluster isformed by the
collision betweentwo galaxy clusters. While
inmost galaxiesdark matter and visible
meatter arefound together, inthe Bullet cluster
there appearsto be a separation of thetwo.
Thismight have happened during thecollison
wherethe stronger collisonsbetweenvisible
matter may have slowed them down so that
they are concentrated in the centre near the
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point of impact. Thedark matter content may
havejust passed through without S owing
down asthey do not experience any other
force except gravity.

Thusthe centrd part of theBullet Cluster
isalmost entirely made up of ordinary matter.
But evidencefrom gravitationd lensing
suggeststhat most of the matter resides
outsidethecentral region. Inthe picture, the
centra regionwithadark outlineisthevisible
region as seen by the X-ray observatory
called Chandra. Theouter region showsthe
total massdistribution of the galaxy and has
been recongtructed from gravitationa lensing.

Not this, not that

Whilewearenow certain about the
existenceof dark matter from many
Independent observations, wedo not know
what itis. Infact we know more about what
itisnot.

In principlethey could be dead starswhich

have stopped emitting light or any other form
of radiation, known as white dwarfs. They
could bebrown stars, starswhich failed to
igniteinthefirgt place. Therearemany
millionsor billionsof such sarsinthe
Universe. They could be neutron stars

which arenot rotating or even so-called
black holes.

Whileasmall portion of dark matter may
includeall of theabove, thereare serious
problemsin accounting for six timesthe
visblemassthat isdark. The Big Bang
scenario accurately predictsthe observed
abundance of dements(thatis, the
proportionsof hydrogen, helium, etc., inthe
Universe) and thisaccounts only about 4-5
percent of thecritical energy dendity inthe
Universe. Thusthere are not enough dead or
brown starswhileblack holesand neutrons
arerare.

What could dark matter be?

Itistherefore clear that dark matter may
not be the matter that weknow and are
familiar with. Thestandard model of particle
physicsdescribesthefundamental particles
and their interactions. None of these particles
however can make up dark matter inits
entirety. Thereare theorieswhich go beyond
the standard model of particle physicswhich
do predict new particlesand their
interactions. However, until they are
discovered wewill never know if they canbe
candidatesfor dark matter particles.

At present there are many space
telescopes, like Hubbleand Fermi, tryingto
observe possiblesignaturesof dark matter in
space. But thereisnot enough datato
establishthe nature of the dark matter. Sowe
know that thereisagreat deal of dark matter
inour Universe but we havenoideawhat it
could bemadeof .

Dark matter thusremainsoneof thegreat
mysteriesof science, at least for the present.
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Memory: how do you remember?

D. Indumathi,
The Institute of Mathematical Sciences, Chennai

How good is your memory? Can you
remember what happened onthesameday, last
year? Or the one before? Or are you wondering
what you had for breakfast thismorning? So,
do you think your memory is better or worse
than your best friend’s? Who has the best
memory amongst you and your friends?

How much do we remember anyway?

Canyou possibly recall your thoughtsasa
baby? Is it in fact possible to remember
everything that ever happenedinyour life?

Many psychologistsbelievethat everything
we learn is permanently stored in our mind,
although we may not be ableto recall certain
details. So what exactly is the connection
between brainand mind?Brainisthe physica
object, safely enclosed inside our skulls. But
whereisthemind? Fromwhereyouyouretrieve
that particular memory?Isthere any way you
can search through your brain for amemory
just asyouwould searchtheshelvesof alibrary
for aparticular book?

From 1934 onwards, for about two
decades, a Canadian neurosurgeon called
Wilder Penfield accidentally learned that
memoriesoccupy fixed locationsin our brains.

While searching for the source of the disease
called epilepsy, he used electric probes to
stimulatethe brains of patients. Hefound that
when his probe touched a certain part of the
brain called thetemporal lobes, itjogged along
forgotten memory. Infact, the memory would
be so vividly recalled that the patient was
amazed that so many details of the memory
wereremembered. Also, when hetouched the
sameplaceanother time, the patient would recall
thesamememory. So Penfield thought that the
brain possibly records every incident of note
permanently.

9 b Jantar Mantar Children’s Science Observatory July - August 2013



Hervouns %ﬂm

The brain and the spinal cord make up the
central part of the nervous system. Neurons or
nerve cells are the core components of the ner-
vous system. They reach from your brain to your
face, ears, eyes, nose, and spinal cord — and
from the spinal cord to the rest of your body.

The spinal cord is made of a bundle of nerves
running up and down the spine, and is like a su-
perhighway, speeding messages to and from the
brain at every second.

Balanced on top of our spines, the brain con-
tains about 100 billion neurons, which are nerve
cells that can transmit
information  using
chemical or electrical
impulses.

There are
specialised neurons.

Dendrite

. Sensory neurons
respond to touch, sound,
light, etc. As their name

b,
suggests, they are sen-  Nucleus

Nowadays, psychologists think that our
memories are not perfect; they fade, they
change, and they sometimes disappear
atogether; that is, the record of the memory
itself physicdly disgppearsfromthebran. They
think that the memoriesthat Penfield evokedin
epilepsy patients were more like dreams or
hdlucinations
Learning

This is how you sense things (by touch,
sound, light, etc): the neurons transmit the
sensation and the brain processes the

sitive to external stimuli. For instance, if you touch
something hot, the sensation is felt by the sensory
neurons in your skin, which send signals to the
spinal cord and brain.

The brain processes this sensation and the
instruction returns from the brain to take your hand
off it! How does the instruction return?

. Motor neurons receive signals from the brain
and spinal cord and cause the muscle to con-
tract, so that the hand is removed.

. Inter-neurons connect neurons to other neu-
rons within the same region of the brain or spinal
cord. Neurons connect to each other to form neu-

ral networks.

Each neuron has a
special connection with
other cells through a
structure called a syn-
apse. Atypical synapse
is a contact between the
axon of one neuron and
a dendrite or soma of
another (see picture).

information. It can connect to other neuronsor
smply to other cells. Infact, aneuron can make
about 10,000 synaptic connectionswith other
neurons.

A memory, a themost fundamentd level, is
apattern of connections between neurons—
such a vast connection between neurons is
called the neural network. The connection
between two neuronsisstronger when bothare
activeat thesametime, and sothesynapseplays
aroleinthestorage of information and inthe
formation of memory. Whenwelearn something
new, or feel anew sensation, the connections
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in the network are changed and so this new

memory isregisteredin our brains.

Imaging technology hasadvancedtotheleve

Brain

The brain weighs just about one and a half
kilos in an adult. Along with the spinal cord and
nerves, it controls every activity of our daily life,
whether we are asleep or awake.

The brain is an energy-intensive organ. Al-
though it contains only about 2% of the body mass,
it uses about 20% of the oxygen that we breathe
and about 25% of the glucose burned. The PET
scan shown the
dark areas where
more energetic
activity is going on
in the brain.

The brain is
made up of differ-
ent parts. (See the
cover page for a
picture).

The cerebrum
or cortex is the
largest part of the human brain, associated with
higher brain function such as thought and action.

The cerebral cortex is highly wrinkled and that
gives the brain its classic wrinkled look. Essen-
tially this makes the brain more efficient, because
this increases the surface area of the brain and
the amount of neurons within it. A deep furrow
divides the cerebrum into two halves, known as
the left and right hemispheres. The corpus callo-
sum, a wide, flat bundle of neural fibres beneath
the cortex, connects the left and right hemi-
spheres.

Nerve cells make up the gray surface (about
1 cm thick) of the cerebrum. White nerve fibers
underneath carry signals between the nerve cells

that we can process brain images with
computers and see how the brainismade; we
can study neuronsto tell uswhat happensin
brain cells. But the area of the cortex, the

and other parts of the brain and body.

The six-layered structure called neocortex
occupies the major part of the cortex. It is only
found in mammals. It is thought to be a recently
evolved structure, and is associated with “higher”
information processing by more fully evolved ani-
mals such as humans, dolphins, etc.

The cerebellum, or “little brain”, also has two
hemispheres and has a highly folded surface or
cortex. Itis associated with coordination of move-
ment, posture, and balance.

The limbic system is inside the cerebrum. It
contains the thalamus, hypothalamus, amygdala,
and hippocampus. All are associated with differ-
ent processes, but primarily in emotion and
memory. In particular, the amygdala is involved in
the processing of feelings, fear and memory. The
hippocampus is important for learning and
memory: memories live in the neocortex but it is
the hippocampus that is believed to be crucial
for converting short term memory to more per-
manent memory, and for recalling spatial rela-
tionships in the world about us.
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Hippocampus

wrinkled outer layer of thebrain, isstill amysery
tous. Webdlievethat thisisthe part of thebrain
that allowsusto do maths, to plan for our next
exam, and also holdsmost of our memories.

Wehavedsolearned alot fromresearchon
aperson caled Henry Molaison, wholost most
of hismedia tempora |obesand hippocampus
during surgery. It wasfound that he could not
remember things because he could not convert
short-term memory to along-termone. But he
could recall thingsthat happened along time
ago. Sothehippocampusclearly playsarolein
converting new memoriesinto morelong-lasting
ones. But thefinal wordisnot yet said onthis
fascinating subject.

How do you find a memory?

There are thousands of connections and
patterns. How do you find one connection (that
IS, onememory) inthismess?|sthereanindex
or arethey filedin order?

It turnsout, that to find amemory, you need
atrigger or acue. It'slike having alibrary of
millions of bookswith only some books seen
ontheshelves. A look at one of the bookswill
jog your memory about some other book.
Immediately that book will pop up onthe shelf!
That book will remind you of something else,
and thisprocessgoeson.

Thebooksonthe shelf areyour thoughtsat
any giventime. Not having thememory directly
ontheshelf isexpressed assaying “thememory
islatent”. Using other thoughtsto bring to your
conscious mind thememory you aretryingto
remember ismaking use of thevast network of
connectionsinyour brain.
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How may timeshaveyouforgottenanentire
answer in atest? But afterwords, when your
friend or mother tellsyou, “ But you knew this
answer, it beganwith ...”, the whole memory
comes back to you and you mentally kick
yourself for having forgotten it! Next time,
comfort yourself withthethought that your brain
processes memory insuch acomplex way, itis
amazing we can remember even 1/10th of what
we do.

But thisimportant fact: let someonetell you
how something startsand you will very likely
remember thewhole (likeapoem), hintsto us
that we do not remember in isolation: our
memoriesare best when we haveto remember
thingsin context, becauseit isthisrelationship
that jogsthememory.

Thisis why we feel amazed when some
people learn to remember hundreds of
unconnected piecesof information, such asthe
order of apack of cardsor passing car numbers.

Kinds of memory

Procedural or implicit memory isbased on
implicitlearning. What thismeansisfor ingtance,
when you learn to ride acycle (Picture with
thanksfrom hyperboleandahaf.blogspot.com).
Eachtimeyou get onacycle, you don't have
to conscioudy remember to takethe cycle off
its stand, to hold the handle-bars, to step on
the pedal, etc. The memory of how toride a
cycleisunconscious, implicitly knowntoyou,
just like the complex art of tying shoe-laces!
Such memory, mostly used in learning motor
skills, depends on the cerebellum.

Declarativeor explicit memory, in contrast,
needsto be conscioudy recalled—for instance,

what you atefor lunch yesterday. Thisincludes
visua memory, such astherouteto your school
or the shape of your eyebrows; semantic
memory for facts and concepts, such as the
namesall countrieswiththeir capitals, aswell
asepisodic memory, such asdetailsof your last
school project. Such perceptud learning takes
placeinthe neocortex.

Evenif onepart of thebrain
/-\

is damaged the memory
™ involvedintheundamaged parts

arethere. For ingtance, you may
know that dinner isthelast med
of the day (semantic memory)
but you may not recall what you
atefor dinner last night (episodic
memory)! Indeed, dl ourimplicit
memories are not readily
accessible to our conscious
brain: and thesearewhat make
up who we are and how we

/\
/“\

think.

How well do we remember what we
remember?

Memories are not static objects. They
changewithtime. All of youwho struggled to
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biology and psychology
arobographical

gemantic - auplicil - episodic

it also happensthat we
canchangethememory
itself: it can bechanged
a little or completely

communicative transformed to the
| | . extent that we
individual =——  Mgmory —= collective ! remember theopposite
| | of what realy
procedural e implicit ~= priming storage m. - cullural - functional m. hwpa]aj Sothereare
many differences
perceptual

between old and new
memories.

social and culiural siudies

remember that ‘3’ comesafter ‘2" now easily
solvecomplicated arithmetical problems, taking
thisfact for granted. On the other hand, many
memoriesfadeintime(suchasthat unforgettable
vacation you went on 6 years ago)!

Studies of people suffering from amnesia
(who havelogt their memory) showsthat mostly
peopleclearly remember very old and distant
memories. |n some sense, thelonger thetime
that we haveto “think” about amemory, the
more stable and deeply rooted it becomesand
sothelonger weremember it. But inthisprocess

\\_5 )

Don't disturb me;
I'm strengthening
my memory

One theory is that
memoriesare nomadic (moving about). This
means that while they are formed in the
hippocampusinitidly, they areeventualy moved
to long-term storage in the neocortex. Over
time, as they get consolidated they get
entrenchedinanetwork of cortical connections.
At this point, they have an existence

independent of the hippocampus.

Itisasothought that deep playsakey role
inthe process of consolidating memories; not
just so that they remain longer, but also their
meaning becomes clearer. For instance,
scientiststhink that dreamsare acombination
of experiencesfromredl lifeand are part of the
process of firmly storing our experiences as
long-term memories. Thatiswhy good deepis
important for brain function and memory
retention.

Exercise is another area that has many
benefits and effects on the brain. Aerobic
exerdsessuchasrunning, cydingand svimming
increases the oxygen flow and also the
generation of neurons (neurogenesis) in the
hippocampus. Earlier it wasthought that no new
neurons could grow in an adult. It was only
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recently shown that neurons regenerate in
regions of the hippocampus. Indeed, about
one-third of the neuronsin the hippocampus
areregularly renewed throughout life, (addition
of roughly 1,400 new neurons per day), with
theratedeclining dowly withage.

Thishasimportantimplicationsfor improving
children’sacademic performance, maintaining
mental abilitiesin old age, and the prevention
and potentia cureof neurological diseases.

How far back can you remember?

Do you remember being a baby, hearing
things, but unable to talk? Unlikely. The
neocortex isfully developed only at age 3-4
years. Only thenisit possibleto havelong-term
memories. Onthe other hand thisisthe stage
whenthemodt rgpidlearning of one'slifeoccurs:
learning to walk, talk, understand the world
around us. So obvioudy thesearetheimplicit
memories: you don't forget them. It is the
consciousmemoriesthat are not remembered
at thisage. Thisis perhaps because the babies
have neither the experience nor thelanguageto
help them store their memories (after all, the
“book” that you useto jog your memory isalso
just another memory)!
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Why is this so?

Early man, our ancestors, needed to
remember very different thingsfromtoday. He
needed to know whereto find food, and after
aday’ shunting or gethering (after knowingwhich
plantswereedible), he needed to find theway
home. So human memory evolvedinaway to
makethesethingseasy and efficient. Thisisone
reason our brainistill good at recalling visual
information (andwhy itissaid apictureisworth
athousand words)—both picturesand spaces.

Our brain is certainly not as good with
words, and worsewith numberssmply because
it has been handling them for much shorter
times. Infact, thisentirearticlewasinspired by
abook caled“Moonwakingwith Eingein: The
art and science of remembering everything”, by
JoshuaFoer. Inthisbook, the author talksabout
how peoplewho participatein memory games
or perform cardstricks use associationswith
picturesand locationsto hel p them remember
long listsof unrelated wordsor cards.

In the end, memory is primarily an
imaginative process. The seemingly unrel ated
word-list of porifera, coelenterata,
platyhelminthes, nematoda, annelida,
arthropoda, echinodermata, will make senseif
we can remember eating “pori”, listeningtoa
(kod) “cod”, witha“plat(e)” inhand, whichis
actually a(n) “lid”, talking to “ arth(u)r” who
replies through “ech(in)o”s! Once you can
mester thelist with theaid of wordswhichmean
something, you can acethat biology test!

In short, weall arewhat our ancestorsand
our memoriesmakeus!

Sources: Wikipedia and Joshua Foer’s book,
“Moonwalking with Einstein: The art and science
of remembering everything”
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Hiss! who is there?

D. Leela and D. Maya,
Chennai

Recently wewent to abeautiful exhibition
on snakes. We had seen snakes many times
before, in the Guindy Snake Park, and this
exhibition had only photos, no real snakes. But
it wasso well donethat we werefascinated.

Indiaishost to anumber of snakes, many of
them venomous, but the most venomous ones

called the Big Four arewiddly distributed and
quitevenomous.

ﬂb& 5mwmaon go%bﬂ

Thesearecommonly the snakesin abasket
with snake charmers. They areabout 1to2m
in length, and have a broad head. They can
spread ahood behind their head, which gives
them their famous, very scary appearance.

Their body color varies based on their
geographical location. Generally, cobras in
southern Indiarangein color fromyellow to
brown. Northern Indiacobrasare usually dark
brown or black.

Cobras are shy—they’ll threaten when
provoked, but would prefer to back away. If
they attack, they will strike quickly and
sometimesrepeatedly. Larger cobrasmay latch
onanddigin, releas ng maximum venom!

In the event of acobrabite, seek medical
attention immediately: the common cobrais
responsiblefor alarge number of human deeths
acrossindia
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Sightly longer thanthecobra, thekrait ranges
inlength from about 1.5to 3m. Their headis
depressed, dightly broader than the neck, with
arounded snout. Itseyesaresmall and entirely
black.

The krait’s body is black, with single or
double milky-white bands. Its scales are

hexagona in shape, but those beneath thetail
areundivided.

provoked.

The Russdl’sviper isastout snake, witha
brown body mixed with redsand yellows. The
body featuresthreelongitudinal rowsof eye-
like spots of dark brown or black, that start

from the head and fade out towards the tail.
The spotson either sideare smaller and more

rounded than thetop spots.

Thehead istriangular, pointed at the snout,

and much broader &t the neck, and featurestwo
triangular-shaped spots. Itseyeshavevertica
pupils, and itstongueis purplish black.

Thekrait isnocturnal, and during the day
canbefoundindark, dry places. They'redocile
and shy during theday, but a night will attack if
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Russdl’sviper isvenomousenough that you
should seek treatment immediately. If you
provoke one (and not just step on it
accidentally), it will warnwith ahigh-pitched
whigtlelike apressure cooker.

These are the second most common vipers
in India, after Russel’s viper, and are much
smaller, just 40 to 80 cm long. Their body
rangesfrom dark browntored, gray, or amix
of those colors. Light colored spots of light
yellow or very light brown, with dark-colored
lineswoventhrough.

Thesaw-scaed viper vewhen
provoked, and makes a saw-like sound by
rubbing itsside dorsal scalestogether. Don't
stick around if you hear that sound: the saw-
scaed viper isoneof thefastest-Striking species
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If bitten, get treatment. It may dry-biteon
occasion, but only amedica expert can say for
ure.

The KM Cobr

Sometimesthisisincluded along with the
other four to get the Big Five. An extremely
aggressivesnake, 3to5mlong, it hasdistinct
light crossbands mainly ontheforebody. Itis
uniformly coloured olive, brown, or green. The
undersideisalighter shade of the body colour
and theback hasyellow bands. Itismuchmore
rarethan the common or spectacled cobra, but
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itismuch more menacing because of itsgreat
Sze

Common onesarethe checkered kel back,
common cat snake, bronze-back tree snake,
common kukri, common sand boa, common
wolf snake, rock python, and rat snake. The
last isoften mistaken for acobra.

Venomons o1 Plon-venomons ™

Thething that comesto most peopl€ sminds
(children and adultsalike) whenthey first see
or hear the word snake is: is it venomous?
(Poisons are eaten, venoms are injected so

snakes are called venomous, not poisonous).

Most of the world’'s snakes are non-
venomous. Thismeansthey do not producea
toxinthat isdlinicaly sgnificant to people. Many
non-venomous snakes kill their prey by
constriction, literally squeezing thelife out of
them.

However, most snakes will hear you
approach (from the ground vibrations) and
simply go away. Unless provoked or
accidentally stepped on, they will not be
agressiveor bite, whether venomousor not.

Therearesomebadcfeaturesthat digtinguish
venomous and non-venomous snakes.

Rat snake

Most venomous snakes have a sharp,
pointed or triangular head, éliptica pupils, and
upper jaws with fangs. They also have belly
plates that expand al the way across their
bodies to their blunt or rounded tails. Non-
venomous snakes have curved heads, rounded
pupils, sharp teeth and no fangs. Their belly
platesarein two partsto their sharp, pointed
tals

Having read all this, we decided that it is
difficult to come close enough to asnakeand
look at itshead or pupils! Either we hopethat
the scientists are right and that snakesrarely
attack, or we hope that there is snake anti-
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How To Tl veromons smalves &

1 Look at the head. Most venomous snakes
usually have triangular shaped heads.

2 Check out the colors. Some venomous
shakes such as the coral snake have bright col-
ors to tell you that it's dangerous.

3 Watch for warning signs. All snakes have
some kind of warnings. A saw-scaled viper will
make a saw-like sound while a Russel’s viper will
whistle like a pressure cooker. Other snakes will
hiss and snap at you.

4 Look at the eyes. Some venomous snakes
have vertical eye slits, however, not all venomous
snakes have vertical eye slits, and not all non-
venomous snakes have round pupils.

5 Check the tail. The bottom of the tail (be-
hind the anus) of venomous snakes looks the
same as the rest of the belly. If the snake has a
cross pattern (like a diamond shape) it is non-
Venomous.

venom availablenearby!

Snakeshave been around for morethan 100
million years, from the Cretaceous period and
have overlgpped with thenow extinct dinosaurs.

Spotting a snake is unnerving for many
people.

Anamazing fact welearnedisthat in some
sense snakeshave permanently closed eye-lids.
Theskin of asnakeiscovered with scales. If
you have seen amoulted snake skin (whenthe
snake growsanew skin and shedsitsold one,
amost completdy intact), youwill seethescades
andfed thedry, smoothtexture.

Thesescaeshave specialised forms. Inthe
eyeregion, theeyelids of asnake are made of

transparent “ spectacle” scales called brille,
which are permanently closed. So the snakes
do haveeydidsthat are permanently closed but
see-through! That iswhy if you stare at them,
they stareright back at you! Without blinking!

Snakesalso have specidised scalesin their
belly region for gripping surfaceswhen they
move. Thisishow somesnakescaneasly dimb
trees.

Snakes don’'t have ears, but they can spot
you approaching by the ground vibrations
generated by your movement.

Snakesdon't havegreat vision; they rely on
their sense of smell to track their prey. Their
forked tongue is used to collect air-borne
particlesand these particlesareexaminedinthe
mouth to seeif it hascomefrom someanimal
that issuitableto eat. Thefork in the tongue
ensures that the snake is ableto tell in what
directionthesmell iscoming fromsothat it can
finditsprey (or evenitspredator).

Some snakes like pythons have infrared-
sengtivereceptorsin deep grooveson thesnout
(near the nostrils). Thisallowsthemto detect
warm-blooded animals from the heat they
radiate.

Snakesare helpful to humansin many ways
and perform important roles in the natural
environment. For onething, they help control
rodents and other pests, some of which could
transmit diseasesto humans.

The exhibition also had many details on
snakesinvariousculturesand how historicaly
snakesplayed animportant rolein many ancient
cavilistions.

Sources: Mobile Snake Exhibition,
Natural History Museum, Beijing, and

the Internet for information on Indian
snakes, and images
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Do You Know?

1. Is cancer contagious?

2. Can a mother’s diet affect her
baby’s genes?

3. Why is space dark?

4. What makes things sticky?

5. Why does Uranus glow?

6. If I were an astronaut in space
and suddenly open my space suit
while floating outside my vehicle,
would I explode first due to the
lack of air pressure, or freeze first
because of the lack of heat?

Oswers o boadh issme 3 Po %w
Kovow &

1. Can ageing be controlled?

Ans: About twenty years ago, the answer
would have been a clear ‘No’. Now it is less
clear, as scientists find out more and more about
the inner workings of cells at the molecular and
genetic levels.

For a long time ageing has been attributed

to “oxidative stress”: over the course of time,
our bodies accumulate molecular damage as a
by-product of breathing oxygen and eventually,
damaged cells stop working. But recent
experiments have shown that this theory may
not be correct. For instance, a tiny mouselike
creature known as the naked mole rat manages
to live up to 30 years (about 10 times longer
than a similarly sized mouse) despite
accumulating a much greater level of oxidative
damage in its tissues than other rodents.

Apart from molecular damage, there is also
genetic damage. These are changes in the
genes themselves as well as in the switches
that regulate how the genes are expressed.

Figuring out why and how these happen
seems to be very difficult. For instance, why do
organisms with remarkable genetic similarity
have sometimes great differences in life span?
We know that many of the processes that go on
in the human body also go on in yeast and
mice. Yet, yeast live only a few days, a mouse
lives about three years, and people live for
decades. We really do not know what evolution
has done to take basically the same genes and
produce different life spans.

We also don’t know whether it will ever be
possible to substantially extend human life span.
But scientists do think we will learn how to extend
human health span, or the number of years that
older people can live in relatively good health.

2. We talk of “ancient” artefacts. How do we
know how old they really are?

Ans: Historians and archaeologists talk about
ancient artefacts or structures that are so many
thousands of years old. How do they date these
objects? Did these ancient civilisations have
some sort of time and date recording system in
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place then as well?

The answer is that some times archaeologists
make use of the dates recorded by the
civilisations, but most of the time, it is by carbon
dating. When you have a king proclaiming that
his ancestor ruled for 400 years for example, (it
does happen) you'll want to check this out with
other evidence.

Archaeologists use a number of tools to put
dates on things they find and they tend to fall
into two categories — absolute and relative. With
relative dating, things that have been found by
digging in the ground (called dig finds) are
placed in order and that can be done using
layers of Earth or mineral deposits in which
remains are found; the deeper you go, the older
the layer will be. Another relative dating
technique uses typology. Humans tend to go
through fashions in the many things they make;
whether it's pottery, road building, house
construction or metal forging, we can usually
identify what period the objects we find belong
to. But this is only because we already have a
back catalogue with which to compare them.

For instance, the Mayan civilisations did have
a calendar of their own and sometimes they
were kind enough to leave dates from carvings

and encryptions about their rulers. They didn’t
however leave dates for the minutiae of daily
life. And that's when we need absolute dating.

Carbon dating is probably the best known
chemical technique although there are others.
When organisms such as people, animals,
crops and trees are alive, they're continuously
exchanging carbon with their environment. There
are two main types of carbon out there. The one
we're interested in is carbon-14 because it's
unstable. Carbon-14 has two excess neutrons
compared to regular or Carbon-12. Most
importantly, the ratio of C-14 to C-12 in the
atmosphere is constant, and via photosynthesis,
all living beings also have this ratio in them.

When an organism dies, that carbon-14 starts
to decay at a measurable rate, that is, it gets
converted over time to ordinary nitrogen through
a process called radioactivity. All you need to
do to work out when that organism died is to
see how much carbon 14 is left in proportion to
the other forms of carbon.

There are also other clever archaeological
tricks like optical dating which examines when
buried minerals were last exposed to daylight.

3. We are told to brush our teeth every day.
Do other animal species care for their teeth too?

Ans: In all the TV documentaries we watch,
the animals, particularly felines and canines,
seem to have perfectly clean gnashers. Are we
humans missing something? Or is it our complex
diet that necessitates toothpaste? Many people
think wild animals by and large don’t get tooth
decay because they do not eat soft food. But
this is not entirely right. Look at wild otters. They
eat soft fish and slippery eels, but have no teeth
trouble.

The difference is probably related to the
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amount of carbohydrate in the diet — pet's diets,
wild animals’ diets, and our diets as well. The
sugars and starches provide a ready food
source of bacteria in the mouth. They have
strange names like proteobacteria, firmicutes
and fusobacteria. If there’s sugar in the mouth,
then they can grow more and more, and give
dental decay. Of course, all these fits with what
dentists tell us about our teeth, doesn't it? Sugary
drinks and sweets increase our risk of dental
decay. So maybe, we should be like the wild
animals and try and cut down on our sugar and
carbohydrate intake.

Do wild animals go to dentists? Some do!
Some crocodiles, for instance. After eating its
full, the crocodile goes off for a little snooze,
relax and open its jaw. At this point a plover bird
comes and is allowed to act as the crocodile’s
personal dental hygienist, vacuuming up the
scraps that are left in crocodile snappers. The
plover bird is well fed and the croc keeps its
winning smile!

4. Can | “melt” a potato into a liquid?

Ans: No, you cannot. Why don’t potatoes
melt? This is actually quite tricky to answer, but
it depends on the complexity of what we're trying

to melt. The things that generally will melt are
very simple substances, and most melt
reversibly: if you cool them down, they might
form solids again. Everyone knows that mercury
is already a liquid (at room temperature). If you
cool it down, you'll get a solid again. You can
keep doing that forever, it will just reverse
between solid, liquid and solid as you warm it
and cool it.

But if you get more complicated things, there
are other possibilities. Things can start to
change, start to break down. Molecules can
actually decompose and this is what's going to
happen with potatoes.

So, if you think about sugar, this is a more
complicated structure. It is made up of 3 different
types of atoms — we have got carbon,
hydrogen, and oxygen. If we warm this up, well,
we can get liquid sugar. We can melt the sugar,
and this is where the molecules are all moving
around, still in their sugar forms. But if you heat
that up too much, again, different parts of the
sugar molecules might start to interact with each
other and form new chemical compounds. You
can boil off water and you're going to be left
with this sort of black gooey mess which is
carbon.

Now, when you come to a potato, it's even
more complicated. You haven'’t got one type of
substance there. You have a complete array of
all sorts of complexity. There is water, there are
starches, sugar, fats. All of these start interacting
with each other. We do not have only a liquid
mess of all of those. They start interacting at
much lower temperatures, recombining, giving
out water vapour and decomposing what’s left
into this sort of black gooey carbon mess, and
that's what you end up with — your burned
potato.
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5. How did we get to using cows for our needs
like milk, etc?

Ans: Scientists have analysed pots found in
what is now the Sahara Desert in Libya;
thousands of years ago it was green
countryside. By studying chemical residues
found in these containers, they've discovered
the first direct evidence that people in Africa
were using cattle for milk more than 7000 years
ago.

The scientists found lipids (molecules like
fats and waxes) in ceramics indicating that those
people were using milk products and also
animal fat products and processing them in their
pots. Probably the ancients were making butter,
cheese and yoghurt (curd) in these pots.

It's quite remarkable: around about 10,000
years ago when people settled down living a
farming lifestyle (as opposed to being hunter
gatherers) nobody could tolerate milk. Once
cattle were domesticated, people in the ancient
world started processing these milk products
and using them. Within about a thousand years
a gene evolves which allowed people to tolerate
milk so we've become lactose tolerant.

During the lipid analysis, 50% of the pots

showed evidence that milk was processed in
them. So it was the secondary products like the
milk, the cheese, the butter, the yoghurts that
were much more important to ancient people
rather than the actual flesh of the animal.

6. Is it true that we use only 10% of our brains?
What happens to the rest then?

Ans: Your brain is ticking over all of the time.
When you actually engage in a specific task, a
small part of the brain that's concerned with doing
that task becomes more active, starts signalling
more vigorously to process the information that’s
needed to solve that problem or to stop you
falling over or whatever. And that is because it’'s
a small fraction that gets switched into action to
do something specific. That's why people could
not measure a big change in energy
consumption when the brain engaged actively
in some specific mental work.

So, one might wonder, “Well, could | in fact
have more of these parts of the brain switched
on and do incredible multitasking?” The answer
is, no. When these small regions of the brain
become more active to do a specific piece of
mental work, their signalling rates go up by a
factor of about 10. If you were to increase the
activity of every neuron in the brain ten-fold, then
your brain would be using more energy per
second per gram of brain than an Olympic
sprinter who is making a world record attempt.

The architecture of the brain is such that it's
not a general purpose computer that uses a
small set of circuits to do everything. It's a
specialised computer which has a specific set
of circuits for every task and because of that,
when it’s able to deal with everything, only a
small fraction of the brain circuits will be
engaged in that at any one time.
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science News

Headblines

e Kangaroos flex biceps too!

® The new parasite: Mikrocytos
mackini.

e Light stopped for a full minute!

® Mice made to remember what
didn’t happen at all

® Bacteria posting on Twitter

For moredetails, read on

Wmooaz f(@v é&a@m«foo/

Isn'tit common to seeboysflexingtheir

bi ceps, showing off how strong they are
(especidly togirls)?Wehumansaren’t the
only ones, it now turnsout that male
kangaroos do thistoo!

Inarecent study of 13 grey kangaroo
malesand 15 femal es, the body massof each
animal wascd culated by femur (thigh bone)
circumference, measuring theboneat the
narrowest point. Forelimb musclemassin
maleswasfound to be heavier thanthe
equivaent musclesinfemales, suggesting
different applicationsfor thesamelimb
between the sexes.

Male kangaroos apparently usetheir
musclesinwrestling matcheswithloverivals.
Scientistsfound asel ect group of muscles
whichareparticularly used in grasping the
other malesand drawing them towardsthem,
whichwereexaggerated inthelarger males.
Thelarger themalesget, themorethose
individual musclesareworked up, sothey are
disproportionally larger thantherest of the
body.

Malesarenot smply getting bigger but
their fordimbsare getting disproportionaly
bigger not only inbonelength and diameter
but alsoin musclemass. Scientistsrelatethis
to male-malecompetitionfor right towin
femdes

Thereissome controversy about these
conclusionsbutisn’tit fun?Wouldyou liketo
arm-wrestleakangaroo?

507301/1, search foqz beilller ends
In 1960, astrange disease was reported.
Cdledthe DenmanIdand diseasg, it infects

mainly Pacific oysters, and leadsto unsightly
greenlesionsand death. Which parasite
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causesthisdisease?A puzzle of longstanding,
thismystery hasat |ast been solved, and the
culprit hasbeen apprehended: itisaparasite
called Mikrocytosmackini.

M. mackini haseluded capturefor more
than 50 yearsbecauseit livesinsdethe
oyster’scellsand hasproved impossibleto
grow and study inalab. A recent issue of
Current Biology reportshow scientists
isol ated the parasitesfrominfected oysters
and anayzedtheir genes.

M. mackini ispart of an enigmatic group
of amoebae called Rhizariathat wasonly
itself discovered afew yearsago. These
parasiteshave an extremely reduced
metabolism. They can’t survivein oxygenand
itsmitochondria— or cellular powerhouse
— can't produce energy, so they probably
steal most thingsfromthe oyster host in order
tosurvive.

Whilenot considered ahealth threat to
humans, the Denman |dand disease makes
oystersvery ungppedling. Infact, inmany
partsof theworld, oystersare eaten raw and
relished asadelicacy. Thereisgood newsfor
themnow.

. ﬁ@ﬁ ﬂbffwﬂl fcvb a fwﬂ
marnide!
What isthefastest thingin theuniverse?

Light. It travel sat the speed of just under 300
million metresper secondin vacuum. A recent
issueof Physical Review Lettersreportson
an experiment that managed to stop light for a
full minute—timeinwhichlight would travel
about 18 million kilometresin that time-
that’smorethan 20 round tripsto the moon.

IN 1999 physicistsmanaged to dow it
downtojust 17 metres per second. Earlier
thisyear, researcherskept it still for 16
secondsusing cold atoms. Now they have
reached aminute.

Scientistsfired acontrol |aser at an
opaquecrystal, sending itsatomsinto a
quantum superposition of two states. This
madeit transparent to anarrow range of
frequencies. They then halted asecond beam
that entered the crystd by switching off the
first laser and hencethetransparency.

The storagetime dependsonthecrystal’s
superposition. A magnetic field extendsit but
complicatesthecontrol laser configuration.
Theteam used an algorithmto “ breed”
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combinationsof magnet and laser, leading
themto onethat trapped light for aminute.

Itisal very technical and difficult to
understand, but let ussmply marvel at this
achievement for now.

. Pice madeTo rermember whot

diclon % hopppon, ot oll

Weall keep forgetting things, and know
that memory isan act of thebrain. By
manipulating neuronsinthebrain, canwe
madeto “remember” something that never
happened? That is, wewill then believe that
something happened though it never did.
Soundsbizarre, doesn'tit? Evenalittle scary.

Butitispossible, and hasbeen
demonstrated in mice, according to arecent
issueof thejournal Science. Researchers
have been ableto consistently createa“false
memory”, making amousefearful of aplaceit

hasno reason to fear. The memory was
implanted by shining bluelight intothe
mouse' sbrain, whichtriggered acarefully

chosen group of neurons.

Theresearchersused optogenetics, a
techniquethat alowsprecisecontrol of brain
circuits. Thecontrol isachieved by expressing
proteinsthat act asswitchesin particular
typesof brain cell. Theseswitchesare
channel sthat, when struck by aparticular
colour of light, allow charged particlesinto or
out of theneurons, whichwill either activate
or slencethem.

They installed an optogenetictrigger in
neuronsthat were especially busy whilea
mouse got to know anew environment (call it
PlaceA). Thenext day, inadifferent
environment, they gavethemousesmall
electric shockswhiletriggering thememory of
PlaceA using light. After that, eventhoughit
never had anegative experiencein PlaceA
itself, themousefrozewhen it wasreturned
there.

Inanother experiment, miceweregiven
the same memory-shock treatment and then
offered achoice between PlaceA and
somewhereelse. Themiceavoided PlaceA.
A group of micethat had thesamevirus
inserted into adifferent part of the
hippocampuswas unaffected and wasjust as
happy in Place A asanywhered se.

Haplesslaboratory animashave been
enduring thistypeof behavioural testing for
nearly acentury. Itisno surprisethat wecan
train amouseto dislikearoom. But to do so
whilethe mouseisin another roomentirely,
by triggeringamemory withlight? Science
likethiswasimpossibleadecadeago, butis
very useful in understanding the progress of
diseases such as Pakinson’s, autism, and
depression.
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Imaginean e aborate communication
network, that actslike asmart super-
organismwith defenceand attack capabilities.
Arethinking of themilitary?No, thisoneis
under our feet, aweb made of bacteria.

A team of scientistshave used cutting-
edge 3-D microscopy toidentify anew
mechanismfor bacterid networking. They
observed el aborate webs of acommon soil
bacterium, Myxococcus xanthus, connected
by thread-like membranes. Thissystem of
cdllular pipelinessuggeststhat some bacteria
haveevolved complex waysto deliver
molecular cargo out of sight from snooping
neighbors.

Scoop up ahandful of dirt, and you're
likely holding Myxococcus. Thiscommon
bacteriumisamodel organismfor studying
biofilms, physica networksof bacteriamade
fromwebsof cellsand sticky secretions. The

muck that lineswater
pipesisabiofilm. Sois
thedippery dimeonriver
rocks. In contrast tothe
smplepetri dish, wild
bacteriaexist incomplex,
3-D, multi-species
communities.

Unlikehumannerves,
bacterial communication
doesn’t requirethat two
cellsbeinnear-direct
physical contact. Many
speciesof bacteriarel ease
chemicdsfredy intotheir
environmentinorder to
communicatewithther
neighbours. But thistechniqueisthebacteria
equivalent of agenera posting top secret
military information on Twitter. Other bacteria
within range can eavesdrop and develop
chemica countermeasures. To maketheir
communicationsalittlemore private, some
bacteriaevolved the ability to packagetheir
chemical cargoinsideblobsof cell
membrane. Depending onthefunction of the
chemical contents, these packagescan act as
either minesor messagesin abottle.

Thenew observationsprovidethe
strongest evidenceyet that Myxococcus, and
perhaps other species, are attached by chains
of shared membranes. Theseflexiblelinks
and tubes could alow bacteria cellstomove
asaweb, communicating and huntinglikea
superorganism.

Such structuresin bacteriaarevery real.
What they are used for remainsto be
explored. Whether we can exploit them for
drugsisthebig question.
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Boggle’d

Boggle is a word game designed
by Allan Turoff and trademarked by
Parker Brothers and Hasbro. Here we
play a smaller version of the traditional
game.

How to play

Search for words that can be con-
structed from the letters of sequentially
adjacent squares, where “adjacent’
squares are those horizontally, vertically
or diagonally neighboring. Words must
be at least three letters long, may in-
clude singular and plural (or other de-
rived forms) separately, but may not use
the same letter square more than once
per word.

An example “GIANT” is already

done for you.

The original game has a time limit of
3 minutes and uses 4 X 4 squares.
Here, your time limit is the next JM is-
sue! Do write in your word list to the JM
address given in the magazine and we’ll
print the ones with the most number of
words. Don't forget to write in your name
and address.

Sudoku

Rules

. Use the numbers from 1 to 6.

. Every row must have all the num-
bers from 1t0 6

. Every column must have all the
numbers from 1 to 6

. Every sub-rectangle must have
all the numbers from 1 to 6

. The central shaded square (in the
medium puzzle) must have the numbers
1t04

(A sub-rectangle is the 2 x 3 rect-
angle; the 6 x 6 square is broken up
into 6 such sub-rectangles.)

Use the numbers already filled in
as hints to complete the grid. Each
Sudoku puzzle has a unique solution.

Send in your answers to us at the
JM address given elsewhere in the
magazine. Don't forget to write in your
fullname and address.

NI

| |
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G
N
A

N
D | KIN
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Crossword

In this Year of Statistics, here is a puzzle for you from
www.abcteach.com CRIKETS O q
Across \

3. Each possible result of an experiment (7)

5. The value that occurs the most often in a set of data MIALUCC ( ) ( )
8. Consists of two or more simple events that follow ot

another (8,6)

11. Events that affect the probability of each other (9) N Y
12. Avalue that is very different in a set of data (7) MANTIVI O

14. Events that do not affect the probability of each other

(11)
15. The average in a set of data (4) LENAMIN () ()

Down

1. Estimate or guess about something that has not yet Y
happened (10) ASISEED \“jo
2. Can mix up the arrangement without problem (11)

4. Study of a small subset or part of the whole (6)

6. The final answer (8)

7. An outcome of an experiment (5)

9. Not too tall, not too short (7)

10. The difference between the greatest and the least in a
set of data (5)

13. The middle number in a set of data (6) Unscramble the letters to get five ordinary
English words. Fill them in the adjoining boxes.
Make a word with the circled letters and guess

()
( J

Jumble

1 > the answer to the puzzle below.
|| BIL T T[] Why are vitamins essential for you? Because
— @ 5 they are:
I - [ [ 1]

6 7 Ans: _ __ _ _ ________ :
8 [ 1] | Send in your answers to JM at the address given
— 1 . in the magazine. Don't forget to write in your
HEN ] ] [10] name and address.

El

- ][] BT |

I Pl [ 1]

pal [ 1] [ [ ]
I

copyright (c) 2810 classHelper.org.
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Sobleifions To W%—WW'& AAivitics

Boggle'd %s EASY
el
Possible words are art(s), astir, ate, await, awake, its, kit(s), 8 6/3/4/1)5]2
kite, rat, rate, raw, rite, sat, saw, stair, stake, star, stir, straw, 1|12 /5|6(3|4
strike, take, tar, tie, wait, wake, war, wart, was, waste. 306121415
Alas. No-one sent in solutions to Boggle'd. Try out the one
in this issue: it's a great way to improve your visual skills. 4(5/1|2|6|3
CrossWord 5(4/6(3|2]1
28 NS S e AR R
Across
1. Intestine 5. Radius 6. Phalanges 8. Sepsis 9. Cerebrum MEDIUM
10. Ear
641|523
Down
2. Tarsals 3. Triceps 4. Nose 6. Pulse 7. Auricle 3/2|5(|4]6|1
16 R 5|2
Jumble N \k y
53 RN 46
1. SHELF 2. TIDAL 3. QUAKE 4. CORAL 5. STEEP &
Bears in the North and penguins in the South. 2|5/3]6/1 |4
Ans: POLES. A LG B |
The price/copy JM: Rs 15/- NBME  ooeeeeevvvveeeesssssseessssssssssssssssssssssssssiss s ssssssees
The subscription rates are Rs 90/- for one year and
Rs 180/- for two years and Rs.750/- for lfe subscription. € S S S
Yes! Qwonct Jpm!
Fillin this form and send in your subscription today! e
bears | mmeem——m———
Kindly enrol me as subscriber to Jantar Mantar for one/two Jantar Mantarr,
year(s). | am sending Rs.90/180 by DD/MO/Cheque pay- Children's Science Observatory,
able to Jantar Mantar towards subscription for 6/12 issues. 245 (Old No:130/3), Avvai Shanmugam Salai,
(Please add Rs. 10 for outstation cheques). Gopalapuram, Chennai 600 086.
Thank you. e.mail: jmantar@gmail.com
....................................................................... Website: http://hsb.iitm.ac.in/~jm
Signature of the Subscriber Phone: 044-28113630
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Nature Diary

Dromedary

The Indian camel is also
called the Arabian camel or a
Dromedary. Its origin is
unclear, but it was probably
domesticated in the Arabian
Peninsula about 4000 years
ago. The domesticated form
also occurs widely in North
Africa, South Asia and the
Middle East.

It has only one hump on its
back, in contrast to the Bactrian
camel, which has two humps.
It is also slightly smaller than
the Bactrian camel, about 1.8
m tall. Their colour is brown, but
the variation is from a light beige
to a dark brown.

The dromedary is best
known for its hump, about 20
cm high. It is composed of fat
bound together by fibrous
tissue and allows the camel to
go for long distances through
dry desert land. The hump
does not store any water.
Instead, the hump stores up to
36 kg of fat, which a camel can
break down into water and
energy when sustenance is not
available.

They have many other
adaptations to help them exist
in their desert habitat.
Dromedaries have bushy

eyebrows and two rows of long
eyelashes to protect their eyes
and can close their nostrils to
face sandstorms. Their ears
are also lined with protective
hair.

When water-deprived they
can fluctuate their body
temperature by 6 degrees C,
changing from a morning
minimum of 34 degrees to a
maximum of 40 degrees or so
in the afternoon. This is to allow
heat flow from the environment
to the body to be reduced and
thereby water loss through
perspiration is prevented. They
have specialized kidneys,
which make them able to
tolerate water loss of more than
30% of their body mass; a loss
of 15% would prove fatal in
most other animals. When they
finally find a water source, they
can stock up on water by
drinking at the speed of 10-20
litres per minute!

Their diet includes foliage

and desert vegetation, like
thorny plants which their
extremely tough mouths and
thick lips allow themto eat. The
dromedary has long and
powerful legs with two toes on
each foot, which resemble flat,
leathery pads. These pads
spread out when the camel
puts its weight on them, and this
prevents them sinking into the
sand. (See the picture). This
is yet another way in which they
are adapted for life in the
desert.

Unlike many other animals,
camels move both legs on one
side of the body at the same
time, like giraffes, which results
in a swaying motion. Any one
who has gone on a camel ride
will remember this well!

They have an average
lifespan of 40 years, which can
be extended to 50 years in
captivity, when domesticated.
They are generally used as
beasts of burden, and their
docility and toughness
compared to cattle are
additional advantages. The hair
is a highly regarded source
material for woven goods.
Another useful feature is their
dung which can be used as
fertiliser and fuel. Their milk is
also drunk, especially by
nomadic tribes in the desert.

Source: Wikipedia
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