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PROFILE IN SCIENCE

Bharat Bhushan Chattoo (1949-2016)

conceptualize and establish the new University.

The Biotechnology Centre at MSU is
widely regarded as one of the leading schools in
biotechnology in the country with its alumni
occupying responsible positions in academia
and industry in India and abroad. Over 20
students have completed their Ph D and around
200 students completed their M Sc dissertation
projects under his supervision during the past
few decades at MSU. He has mobilized more
than Rs 20 crores for his extramural research
funding through various national and
international grants.

Chattoo established a strong research
group on the study of disease resistance in rice
and genome analysis in the fungal pathogen of
rice Magnaporthe oryzae, a cereal killer causing
rice blast disease. Over the last three decades,
he has made significant contributions to the
study of rice-blast pathosystem, which is widely
regarded as a model to analyse molecular plant
pathogen interactions. His laboratory
discovered several new transposable genetic
elements in the rice blast fungus — M. oryzae,

Bharat Chattoo, a legendary scientist and a great human being, passed
away on 15 November 2016.

Chattoo was born on 25 May 1949 in Jammu to Shivejee Nath Chattoo
and Jaya Chattoo. He received his B Sc in1968 and M Sc in 1971, both
from the University of Jammu and Kashmir. He got his Ph D in 1976 from
University of Delhi. In 1980, he was appointed Reader and Co-ordinator
at the Centre for Biosciences of University of Roorkee and in 1982 joined
the CSIR-Centre for Cellular and Molecular Biology (Hyderabad) as
scientist (1982—-86). Between 1982 and 1986 he also worked as a
scientist at Fredrich Miescher Institute in Basel (Switzerland). In 1986 he
joined the M S University (MSU) of Baroda as Professor and became
Head of the Department of Microbiology (1996—2001) and Director of
Centre for Genome Research of the University (since 2001) and finally as J. C. Bose National
Fellow until his death. At Baroda he established a Cluster Innovation Centre to encourage the
interface of industry and entrepreneurship in Gujarat. Concurrently, from August 2001 to 2004 he
also took responsibility as the Vice-Chancellor of Shri Mata Vaishno Devi University (Jammu) to

reported for the first time in a lower eukaryote.
He has been awarded a Centre of Excellence
and Innovation under the Category of
‘Outstanding Scientist Research Programme
in Biotechnology’, by the Department of
Biotechnology, New Delhi in 2009. He was the
recipient of Acharya J. C. Bose National
Fellowship from the Department of Science
and Technology in the same year. He received
the Lifetime Achievement Award in 2013 on
behalf of an International Rice Blast
Community in South Korea.

Chattoo established methods in yeast
genetics to understand basic biology and
pathways. His laboratory has successfully
expressed therapeutic proteins of pharma-
ceutical interest such as Hepatitis B surface
antigen and human epidermal growth factor in
non-conventional yeasts and transferred the
know-how to the industry.

He also used genetic intervention for
metabolic engineering in yeast, leading to
enhanced growth and production levels. Since
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1987 he was an exemplary mentor/supervisor
and has trained many graduate students and
several postdoctoral fellows in rice blast
research. His laboratory was unique in India for
the study of rice blast fungal pathogenesis. His
active research collaborations included Federal
Institute of Technology (ETH), Zurich (for
bioprocess development, reactor design,
bioprocess control and automation under Indo-
Swiss Collaboration in Biotechnology);
International

Rice Research Institute (IRRI), Los Banos
(for molecular markers and mapping of blast
resistance genes under a Rockefeller
Foundation programme); University of
Wisconsin, Madison (for genetic variability in the
rice blast fungus under a Rockefeller
Foundation programme);Salk Institute, La Jolla,
San Diego and John Innes Institute, Norwich (for
engineering resistance to rice blast under a
Rockefeller Foundation programme);
Weizmann Institute of Science (for cooperation
in bioinformatics sponsored by UNESCO and
DBT, Gol and Indian industrial partners);
University of Leeds and the Weizmann Institute
of Science (for engineering resistance to rice
blast under Indo-Israel Bilateral Collaboration);
the Rice Genome Programme, Tsukuba (for
molecular mapping and genome analysis in
rice), National Institute of Bioscience and
Human Technology, Tsukuba; Tel-Aviv
University, Israel (to study the role of plant
SUMO conjugates in biotic stress supported by
DST, GOl under Indolsraeli Collaboration); John
Innes Centre, Norwich (molecular analysis of
disease resistance signaling supported by DBT
under Indo-UK Bilateral Collaboration), etc.

His work fetched him several national and
international awards and recognitions. He
received the National Technology award at the
Technology Day Programme on 11 May 2001
from the Vice President of India for transfer of
technologies to the industry. He was awarded
the Rockefeller Foundation Biotechnology
career fellowship and the STA fellowship from
Japan Science and Technology Corporation. He

was a fellow of the Indian National Science
Academy (INSA), New Delhi; Indian Academy
of Sciences (IASc), Bengaluru; National
Academy of Agricultural Sciences (NAAS),
New Delhi; and National Academy of Sciences,
India (NASI), Allahabad; he was an elected
member of the Guha Research Conference
(GRC) and The World Academy of Sciences
(TWAS). He served on several expert
committees of the Government of India and
was a member of the Gujarat Biotechnology
Council. Chattoo was the team leader of the
first Indian team that participated in the
International Biology Olympiad held at Antalya,
Turkey in2000.

He was a member of several learned
societies or associations such as Genetics
Society of America, International Society of
Plant Molecular Biology, American Society of
Microbiology, Society of Biological Chemists-
India, National Science Foundation Bi-national
(US-Israel) Grants Review Panel, Review
Panel of Swiss National Science Foundation,
Review Panel of Indo-Swedish Collaboration in
Biotechnology, Board of Governors of Vikram
A. Sarabhai Community Science Centre
Society-Ahmedabad, Expert Advisory
Committee for the Biotechnology Initiatives of
the State Government of Gujarat, Gujarat
Biotechnology Council, Governing Council of
Guijarat Biotechnology Mission, Society of Cell
Biology, etc. His untimely death is indeed a
great loss to the academia, biotechnology
research community and the scientific
community as a whole. He is survived by his
wife (Vijaya), a son and a daughter.

MALALI GOWDA'
SUBHANKAR ROY-BARMAN>*

'Center for Genomics Discovery,
TransDisciplinary University,
Bengaluru 560 064, India
2Department of Biotechnology,
National Institute of Technology,
Durgapur 713 209, India

*e-mail : subhankarroy.barman@bt.
nitdgp.ac.in
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udaidl 2 sAR AY 2

ydoldl 20i€ saR , 3d] {d 44 sivl s? d
(AN sigf A1ss1 HIfed] Gudod a12ll. d 2ieelhi vdls
Hd-HdidR HleAdIAl MAAd & 32d1s [QAsiail il
83 1000 BC yadl Aloti uddlef 1Ry &g AR
RQurarr yHRl Ald 2ad HARRPMI Vo ¥
Yrideisingll udole] iRy &d. ydsifdiel gz
(R00BC—-22AD) U2 ai¥R aiivflA dl R00BC i
Ulotoli 283 AlASIA 8ol &R, 8o 30Z]U
uldiell AlGisia sig AlssA WG yaludl HiZedl
vidR (Distance) (AN oplel SAI HIZ I
Gsotoll GuaAldl sAT &ldlell EdIdY  YRIdI
(Manuscript) Gudea 8 (Bisieiffdell Riegid).
1Y UHY E1Ale Zedis iRl AURRNY &2 ol
oYfsdosui Agudyds gl Hi2 uddloll
Guailal sedi A1udl &dl U HleidRdi 2419 8.

As HioAdl HHIET Alepiit]l ¥ uddidl
disBRIdlI AviRls 2d sifl, wdie, HdRIRI,
Yigdos da eiird Y&l [Aa?] &2l Y
glAerRisiRio] Hloq 8. siRaApii (465AD) dllall
cilasia sig d] g ABde] g2 y(Bd gl 312
AISIBI U2 Yisdi Alddl &dl. IYAosH
vigdl AIR1 YRA1E Vel Vidli uis 24121 241 d HIR
gauzal UIell SAUI HIZ2 Uddlal AISIHI YIsA
vIUdl &dl. Wiedi Al A cilg 2w1g
(MONKS) udIdl dicil Ag Hieidpii 414 8. sig
2d] wcsifes 2d (TALISMA'S) &l dislal 24R(3d
RAvid1 HI2 Uddlel Bsisunii AAIddl &dl. RN VeI
AE1A1Ul [@ARY Geudl e13Alel AISIHI YD
gisdiell Raiy &dl ARRMI Hdidsia (1400-
1500) €23l01 Ucidloll GuidI vioi &I yds opH
gndlell 2u-d s241 A2 Ud Eldig] Hloidmi
2119 8. LUl a€lail YRINIRI61 E2N3i Ud2lel QA
GulaN A2 Hifed] 4di 8. AlGis] (Gi1all udd
218 e13viig] cligllal Aiancivagieiiedl 21fd garRal
"2 (KITE-SHIP) RyPisial $4dl Hi2 Uddlail
Gualal Ydl gldiell Yasidi yrudl qa 8. 153
Ahi YRINRG A [QARY e MR Uddldl

2Alxvodt 2 .. 25 DAog wT
zicol : HOW THINGS FLY
History of Kites & Kites Influenced Technologies

IS BISURI Alddl &dll. 2 YRINUAa
2i2§/AMi el uddig] 2Rdcd ANAIY] ARy
&d.
dsnfais &2 udaiel dlasii :

193] 241l dgal 1€l ulail id yeli
[As1101 ial 250lldID A3l Uddl Yol ¥ HEcdoll MI9I
eyl &di. Al 9vedi 2silea [QAsid
A5 Uddldll 2118 LRfleR ~isla sl Ml
&Rl Allcid UY &d 5 GuIadl 2118 drurienii $§IR
Y1y 8. ¥ GAIY 9g d¥ dIviel g2d A 8. sl
QYU GsIMal $S(Ad Uddl &Rl MLl s3a
AIlcia s3] oldic}] &g 3 ARRI6 ssdHi adl
dlail (LIGHTNING)Mi viol il MMIei
Qyaid 24013l gla 8. 4ol 1oy Y 3ud
aiiall [AstiollA sul sl MR Aal &4 Gs] A3
ddi 21iiel (GLIDER)efl scyall 2y s3] &dl. 2ia
1941 Y 3.01l 25A HI2R ol AoduS A U]si3
Ydidlofl 2161421 IS @iIR dioial Vikdell 120121 AT
&dl. dyEl s sl gg) uddilal s 418 aliellal
digaial R0 HIYA Ul scISd] 25U Elsidl oidicy]
&d. 2ol 1< v9Hi &l dicRl olidiall VIS €21 Yol
SIS oAl A% oi€lefl Ud uR (ACROSS) Uddl
Hisdlal s vegdyd urisy s3] cidicall &dl A1
MAPIe AIUR ¥ oA €]l YR AEdI-Yd
(Suspension-Bridge)gi fexfel 210 Olcﬂ ég'.. Al
vgeld sil M2 da 10 SidRle] ol Auupii
IR &q. Aol 1M 21 YRRSR ViGl ¥ Hélod
s IRl &dll. ol LCoHi Y2 G ial
diRed &RAG ARER AISIRali Uddlofl Heed]
@siel (FLIGHT) ia &didifciiR (AERODY-
NAMICS )al diIdl H&cdall MAPI &1 <Al &dl.
A 1] AI udd1 A181Rd VHals RuRMeal] ol
2s0lldIVall [AsiR1 &3l &dl.

aeHl A vl uda ulgifRd
280ildiVall sl a1fdefl [QsiH Y31 &dl. dHi
1€ o o3i I HISToll YR1Y uial oiie 13RSI
g3 3IBA1 (Gis UINA sAI HI12 Uddlell Aleail

(zwial s so)

[asnaareil

AM52).-15A2012-209 ¢ vis-¥




2luR a3 Guallal sAT &dl. A1 As AldellRis ziel
&dl d¥i oid 220 9 feA1 YBdR (Tele-
Communications )ofl 213211d ¢ &d. 24e1 1€ 03I
Udidtell Guiidl AfGis] (6iZ12is (Observer) dils 213
Y] &dll. 2ol 10 3¥i AY2 AL d¥ell MUY SHIEI
#2floio] udolefl ¥4 ul2il s &g, el 1G0 331 ¥
. As. SiSla1A il allciss] sl (CANOE) ai
udal A1 dlielld godll Aaid uR s¢ &dl. e
1cosHi ARAA sigiA1g] A2 Uddlell Guiiol Ydl
edl (el sifleRsini YAcil epsuddl drIY YAd
[QRdIRe] suIg (6112121 S2AI HI2 Uddl A18 3R
Asla AuAd [AdIR0ll slelangl sanii 241d]
&dl.) 20 e dlsadoidf el vild 31000
geoll GUIYH udal Gsisuii il &dl. 2ol
1e3c-vu oflv [QuYs £3A101 AEAI YEUIR Vol
£dllali cygicis (STRETAGIR) d2islq] [eiRlzie
sl HI& udodleil GuATI YAlg HleldIAi
A 8. Acl 1ET I SloAMi SHISAGIE Vivil
(Wings) Riddl 81 ddigsAedd]l el 5?1 GsAa
HiZell A5 MAPI SsAT &dll. Ael 1€5¥HI Siledl
FACIE olidoll UodNSI Uddlell ISRl U el
2Ydll s¥] &d. el 1€9LHI WUIoHi §5E1S] ARl
oll¥oll Ud2IGlI¥ S ¥ €3] UR ¥o 0 UddI Bsiudiedl
M2l sAT &dl. Ael 1€co?dl uddl Bsyoidl
As 1d d3 Qi RUsRAMI wid] 8. [eiafd
Ad AR el idRARA 2dR udoledl slsieg
Aivdl giu 8.

Asnfes) ulREnvl (TERMINOLOGY)

Uddl AAed &4l Sdll @IR el Udoiof] 21fci]
fsinufer adl cia(THRUST)AILIR yedlal
dRcdIsHRI 6icn BUR Mefcd Aad] gdlall MdIE UR
Bsq, [Aiel (CRAFT) 9 s 2dielel 8. ofell ¥
yddlal Aisell agf AUIE1A &1 B ¥ &dlell MdIE UR
siid 28 8. udoldll Heai Addl uidail dissiedl
ygl (Birdle_line) ddl &dloll MdIEHI S AISSA
viell 2l R¥UR 2Avi 8. wuR udaldl &7l de
[e12if31d s3] AsI§ S.

udoigj 41 21faeNA (AERODYNAMICS)

Q101 211S1211 ¥ d RUR 84l B3] A3 B.
A % Rieddid YR Ud>l &4l Sl Y¥oidi GIIR &ldl

9did A1sIHi RUR 8] B3] 23 8. dell viva &yl
d1fdRA1 dled 3 RisIgaMsAyddl Riedlid sif s2
8. Uddlal A1sIHi RAUR 28] Bsdl 42 Huud : AR
cillds udleinl Ais2118 siRiRd 28 8.. di...

(1) vcia (THRUST) (R) ViRl oo
(DRAG) (3) Bctirue oion (LIFT) (¥) 2Rcuisyel
6in (GRAVITY). Uddlall ISR, SE, Y%¥al idl
HAud (sP1a, sius, wWiilRes d9.) e1d el Yel
gld uRg Burisd uileiniell MeiId Gigll UdaN uR
s 2dlcl 2@ 8. €38 Uddl ofly uddl sdl 5Us
a2l Aed § AUNs (Unique) d siii Bsdl
&id 8. dell AILIR RARYUdll, GlIYsd digsl (Bridle-
line) Yl Sogld digod (€13]) U 2&cll B..

H[dcin (Thruh) i APIN dRge] 6l & ¥
Uddlel BsidaiiRell EARi APl drs WA 8.
[QA101Mi 3] YURe %2 Al¥al siRi [oilRl sRAuBH
1d 8. WAR Uddldll 2ieehi €17 sl [opilel Ad
20200l (Drag) il Uddl UR &dicll Mdigdll [E2uid
sRE fGpifel w4y 8. Wuleidinl (DRAG) A
yddlell wisndl 21uidl ur dirig [@ARs [E2g cicn
(FORCE) 8 % udoldll cidl 21uid] (k1N ial
yigaedl) g gdicll MdIgsll EcilRicll dglddal
d18 el &1 8. Getryd cia (LIFT) i uddlal
BsidaiRall k2111 uddlel BUR dRs aSdq Becdoin
& ¥ uddlell AUl U d&dl &dill EGiilall
dasiada dld fepiler gg 8. dRcuisveRl oo
(GRAVITY) < uddlall daial d1l [opilel i 8.
< Udidlal yedlell HeARIIPI dRs WA 8.
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BclIal ol ¥ Uddlall §H UY¥ol SRl UEY
elq dleidiRd 8. 241 Hi2 Uddlal dell drsell &didl
21(dl HEEJU UI 8 Udaiall Udidlal dgoll 21fdial 1R
uddl giRkl AUIdl As [ARre viel (dId ils
2s) Hecdoll @iIRl 01%d 8. ¥Hleial AMidR Udaidl]
21(A % Uddlal A1s12P11 BUR dRs U5d 8. ¥ 18 418
yedlal oRcdiIsyRI cliiefl yel ysd 53 8. yedlai
sRecdIsyel oinngl dld udar &1 ofld drs viidl
@ 8. ¥ dRcuIsHRI 6ia dl &ld dl oflv G
uiloicnle] sigf H&cd ¥ ol &ld...udal Vel ol &ld...
ed dRcdIsyel Ginne] Hecd Uddlell BsAeiri s
[ereifas cin 8.

Big Hecde] ol Aed  VibIRI ¥ UYoid]
a1fdedl Eapii udoiddl Rauidd s [612iid
RAVS. Al GlaUR Hejcd Anddl Hi2 Uddldl] [Sooil
(Control-Lines) lai Bsiddliz <Alsdell ERl
Hecayel eirl c1vd 8. ([Ase el $21 vl oidl
uleial udoiel AUl uR As AlssA ¥IARI
(Roer 2ils MARAIYe1) si2ujRil 3 8 i1 si2vjRll
¥ oiss] 5 8 3 udol 32d] e d s RYUR
28l B3l 23 8. sig sRRIRMR A1 vjeInl YAd] §SIR
Uddlall CAYEIRHI EVEHIY Y1 8. ¥ (G152 Scll $l0f
yH1R1 gefl A dl Uddl Glsig] eiodl ¥ & ¥l FoI
vl ALl IRl (A2 Feq YU AR U
AISIBII RAUR 28 8. A BuRlsd uleiaie MIEI
[Gse sdl 9ell W dl udol dRcdIsyeI cing dlé
%sHlol cdRs ViAIEY WA 8. Al R4~ Ydaidf] 21(d 3
HAIEH1 A AlcIS §SIR YA dl vkl GuRlsd vjeil g2
& ddl uddl vferRixfld YY WA 8. sRel $ udIgld
Ydel 3 &dlsll MdIg s AlssA eoliiR]]l yddid
AUId] U AsIdl @ & s RYUR W4l Hi2
Uddl del g3y AU viell oeidl A 8.vuR
Udaiddl 21(d 3 EApii A Alcls cledid AR S AR
Ydd Glsig] eiefl fdie vl didl 8.

dstifeis A AYA dl uddlell el
[@a11010f] wivil (WINGS ) Rd] ¥ 8121 8. d¥oell Guzdd]
Al ofldell 21412l Y] MaIEld &4l ¥ d¥al &UIi
R¥UR AV 8. w33 U2 Ui [Aioi sl ugy F2
Alo¥ol &1A 8. dal 1SI12AHI RAUR 28] Bsdl Hi2 dell
uivil (WINGS) idl viael ekl (TAIL) [dd)

L ower

o ||

Higher

e DT

sded (WING-FLAPS) gcRial (AJLERONS)
[Gde> (ELEVATORS) 3s?i (RUDDERS) %¥dl
el &ld 8 ¥ [Aiotoll PITCH, ROLL YAW
AlBAAA %37 uleiniini eRisfld pAvi 8. udol
Hi2 Alo¥oio s €13l 52 8 uddlall (oatl dell
sogld digel AR Uddlefl PITCH, ROLL, YAW
A[s}R4dl Sogld sdle] SIf Udd1 BsidaiR calbdaai
slic (SKILL) uR [oiefR 28 8.

ydol 3 [@Qyieiell divilell 24u1d] uR oA
dsel MuI@d &4i dal Bed £1SSI UPWARD FORCE
AN 8 doell sl defl Guredl 2141l w8l Maigld
udl syl 9 dieiElRs iy 8. §.24.193-¥i
RYxdoscll wiIdelM [Asliell SleiRAd  cleid]
(1900-19eR )R BuRlsd clieid s42ifd [Qsiiel
(FLUID DYNAMICS) id>ld udiglell gciiziel]
oidl dd1 9RYell AGidl Jidalll JeARA s3]
gy 9gdi viellell exlod 2iidlal A39d] &dl.
el oifl2iR1 ofRAIR UdIE] URell dd1 4dl 8. dY
udigle] eaiiel g2 8. uigfeis [Qxielloll Yivilef]
Sls1gSel i1 Riedlical AR % SAIMi 2419 S.
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yedleil «¥o3i 10 UA3A ¥ 31617 Ay

M. 3. Ael. 201 ([Gigd [Qsnddl)
BAlsc 24 dofizedl, 2eld1e

yedlail o sAR ial 2 Ad Y21 2! 241 Gl
W Dda 2l Ad a1 ua vicR] ?! siguel
DsIR{d 2141 AdId] Y1 d AIIAS 8. 41 Auidi
AUl yedlell Yo dial deil MUH ¥ ol drfd]
dstife1s 2sivll sRulell €14,

(1) 2iuR| cARg sizlis, 2 Ad, 2 13.9
[Cicflaiet (i) anil yd ARAcHHI H1<¥?
(2 21e1%-10%)

(R) wglisHi ¥ 43udi Vid F MMHIRHI sl
eI 8 d 3d] d ARAcyI 1Y ? eiIRYds
s8q YA 3, ol@lisel MIReIell GG gRd
oli MIAMS dzdl s1ggI¥al Vial Elcdlax Afi
i Ui sYREPM—2gA12Iu den dll
el &dl, olisleil AAIRAMIS dedl dRIAlell 21ef
G121 H a1 He Yl 213 s34 olifd18]4 242dNe
(Synthesis) iRl Geeicali &. H d He
Guridall AR dcdl A Fui wisdl s
dRIAHI IR Al 281 ¥ MHIRIHI ¥l 34 8.
S d216121 13.6 161 YNTe] dRIdlell 216Mi
elggivaoll &ldflanui 3uidk (Nuclear
Fusion)ofl M1 €l a1fdA el 28] 8.
32dIS €NER dRIRAMI d 3VidR ‘@R’ dcdl
Jedl el w0 gd 8. A 3 AARMCIS
igelatofl 211 B bl glaigll dicil 242101
€3lol H Vel Heoll A2 MAIRPHI 01 2] §2
ysal odl. yel Hvedl did 21 8 3 gl
QASIA dedl MHIRPI Yelidi 21 @R dcdlg]
Auedel dYRI JURY HIZ YUIGER & I
dvidi Auel A Aq 8 3 yedl Ae, 3 Vg
AARMRIS cigRrRRl c@liseiRdl AuipiR(Hi
A9 A1 US 8 d ylRdcyai 2fl uAY 8 3,
yed] A8, 3 Yo AAIAUMRIS GigIRRI GE1ISEHRA
ARuiellHi A9 Kid21 uS 8 d ARy 2l
Ad Al ? vveN ‘ol Al 2|3, 2l,
Yoi el duWYel GiLIRRPI AIISE] GlBlis

(RAggdies 2 3l. 3. . ¥ivlyzi)

il YA 218 Alcldl €Al S, YAR oI,
yed] Aal Qs Vd o A YuA d visSIN
dcdloll Gladl 8.

el Ad Geera AT dvell yedledl, duy
dirvell AsHINI6l ? idlall 21IE6IS v 03]
A€lall ideiPdl g d yd o usRdl [QuR
arRIdl dadl g¢ &dl. (1) dardiRiel 3ud, ¥ gudi
Aldiennidl] 24 Beeicall, dxiEll Sogcaidll cine
dld qgdaisk veldl olgr §sia1, FHidl A8l
A%l ()P ydell (GigiRlsi (Nebula)iel]
dlsallad gcall w2UIATol ¥HIYS 215
(Accretion) &dd &2, di vidiiaB{i]
AroiRAYel Vial Hic2ol AMY F§5 Vol Yool ¥d
vyel Yl diws sig e diR] 41d] usail, Yl
s3cuisyeld dld 2phidll olsoll usai digcaiel]
sHR1: AGl clol &2, 3 YA Ul A B 3 siY
drRidl GRIRI AeMINIdd] Rall A diRidl 218
snRAd s AdRAPII0A S UR| & 3 uyl vdcd
Gloldl G@liSeIRel ASH E1SH AHEHIA & ?!

A1 AdIdall 8d 1<l 213l weIA 8. 34 3 69
diAssioll 2vapii AsHINRAlA Ml siz4pi
udd 8. d¥ 8di yedld] Hi1ss Dy aRrRRI sdl
SIgS A& G112 % 8621 d¥ dId] 8. AL Vioio 1A
334 7! d &y weni el ¥ 3 virvell B0l
iR 21gd al (AsRid VU LRIYd] BsHI A&
8. yedl, Pl Berisildell dlAa vigeid ial
RAME 8.

2180f] 220l :

1% &4 AvAleig AR A8 (exo-planets)
AR GlIE, A U UY B 3 Aol RUall A
ViE diRliell Udllg] 1S A(Giol i1 8. sIg AidR
drslA AHRI-dIEA (interstellar molecular cloud)
sl 3o G115] dIR] clal 8, YAR AN g § B
s A3V 2q 61 B, d ¥HI Ydi Udi AG] U B.
vyell ghiiaidd] ciicidai Asl cigRiel [@dR
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el dd1ei91 vo vidiiofla VidR (Astronomical
Unit, AU) ell [QRc? 8. A&l Wollall ieall
[Ad R &lggl¥el, Eldly a2l e, ilell2lel
oi2§ 243Vl dRldll 21R¥lell SIREI ity olofl dRIg
¥ ol clis] e WA AldI3e usIRg g, 11
AU UHIRIl Al geAlHied] VieRell UR VISSIN
Terrestrial 2YsSI A&l o8, Y8, Yedl il 41N
Giaid] UL, defl AU £2011 [ARdIRMI dIRie]] 213
yed o &ldi GuRlsd cirvuglla gelxigll [QRie ual,
313, 2lel, YRolRd, Vlal A RYal GloAl. A3 UIVE] d
AR Aol ‘claIR’all Al a3 AR o9, Ys, yedl
ol o100l Vigall A&l a3 vl 529,

AIE-2HR (a8ilfesi (Proto-SoIar-NebuIa)gi
AidRs Udel (Collapse) U3 Udi % o1V Sail [ARARMI
vissia sRil ¥HIddle] 216e1 (Accretion) U3 Y.
vidllofl el 2419 g8l 211 Ad] €S &R YVl
sl dl HeISIA cladl vissl (Boulders) 2§l
BIPolY Pl AR AL A1 viss] HIE] Avanii el
vigelly A dedglia sanii sdi sdi
AR AHAUSIAI YRl &lA ¥. d¥isll ¥ yelilell
A2l 921 9¢ 81U d URUR Vsigal s il verd
Gidl. M S 3edis [AMAsIA Ac-4H
(Planetesimals) V€T cioflal cid1ei21 adasiR gudi
Y2l. &d Al dois5 yedld] s s veelr 4nis d 8
1 6103 2 8 5 d 2RI A2ICI1 4011 AdI & AG—
1 vEIAT dd1ed) s ¥ sz gl &1 &dl...ugl
di Yyooq % 2] ? d closl AUSRIL..! I AYSHIEI,
Guz Yol uyEl vissi seilefl wHIYZ-2I50
(Accretion) S8d 8, dell JIRR U sAs 9y
(50 million) i &Ad Fal uRIA yedlyiell ygoll
o Yal... At yedlol Fofl 2018 21&spIR1 U
dd Theia (The Mother of the moon Goddess in
Greek Mythology) o113 2AIMd i AH1dd 8. A1d] sig
gediilad yReidl yedldl epienaie el (Axial
Tilt) ye1 g1 upy &2l. yedld] auiniell 310l
o Guaal A eyssl, dlaisk ¢l dal, veldl 8.
vl dsld dagusl Wl d3cdisyenii ssuig
wd1®f] oloal 82 d¥ @19l 8, &ixdl, ddl woid]
yedlol AlurRi s il uldgn uRRAM &dl. dai
Ddel dl sAiell Ae1d? YPAIN16l B2 eidiRd

FH deldl ¥ YEIAT d1501—accretion UBAI dl&idl
doil @R 1Rl yedl uR Y¢ &l &dl. yedl Fd1 Aslal
uidiell s213i 21ddl &d1 211 el gesii
Aagdpii oflw s oy Fedl BHA A3
CAIRGIIE YRl Alal 3 1% e 3. ¢ ol 9 ugai s
MSRell @R ‘ofi3oiiRI’all AldAldl (late Heavy
Bombardment Period) 1<l &ldlall YRIdI 344 8.
qofl cligiasiznig]l yedl y2 @Al wddl d
veldiBioll gen di olglRell Aglel ([QarRHid]
Aiddi sldigfl oiks 2934 viell ver 218 digdi
&dl. Mlaidii 2419 8 3 241 d yedld sdlel vepii
uiell 3e3f &d. [GERN Ader Aius 8 3 vol
MReRI, 21wl ¥.¥ i (4.4 By) 9 yd yei
adl Gu URIGIS HeRIPRI dl olefl YsAI &dl.
il Y14l AIVeiIR YEIAT 8. Zircon zrsion Vs
UIRleic vielly UeId 5 Fof 25[2S ciaiRRI Jud &
3 d uiellai 212112l cisid &2l.

yed] gl fusizi :

el yedl yz siga sig dd vde ua12y didl
viciRf i As adivll gzl AR, yedl y ya
eldiail 2112l eil Yidl (Stromatolites) VISS] &R
30\ 85 ¥ (lichens) allMoll D4 IRl VIRl RAR—AI
&dl. 2949 vieligd e uR gdid di d ugl
geln guid oled. 3vell did oiEfll 3 yidRdl
A4l yed] yrell didigrelef] Gesifdai aidlzy
G121 G <], doll ASRICHS ¥dIeidi, A didIdRe]
yel d ®d¢ esiggni A3y 121 eivadl divy !
V4ol 2S94l a gardidl sig Mo el
2(5a silal FdigRel (Biosphere) dial didigRe
(Atmosphere) UURell Y§ idl AEIAUS Gld]
@i, A £[R [Cig &d dgjel ugy 2dlsd cloid A 8
qofl dal 2rven uRlld A1fcHi diRUR G¥PR
SABI I 8. URUR AGSRell AS ¥ EMvid]
ANMRA dl yedledl el 1Aell deiaiiRA el
lifadlgdi (luminocity ) AcUAIR ARIGII 30 251 9EY
& d¥ odi yedl U AR divdiel eI AY
&) 8 3 el wiell 3vacd ugigl 2434 &dl gr1d
8 ol 3o/l HigsuR0ll IRYMA 12

Rl yedlel uaifdel ag) RidiR Aaga) 412
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UINRI GfRARRUIRDI  (Geology) ¥4l e{[Aslla
(Geoscience)all Vlciall uRuA ZadlA yed]
vissidi Rfeia3 (U) el YIRAUM (Th)ell WIRAI-
A uRd dicll DYaIsIn ri4d AHYUI(GIS] B
8. yaeld Ad dl A1 dedl dHY 81 Baisindial
Aoy RAI-ABA yeidlell oluai viverd udl
AIE—2AR [sIRskiel di1134 3Ad 8. adlail
vaniidl disadl i el )l Brencisf yedle
didles Ad Guiell iid YRI wIs 8. el ardl
Y] 92191 8. Fai s1REI yedlail vlusiell il
siasd ciedd] 28] 8. 21 doisd yedldl uidails
Wollall AR vAIE A4 di Udlell ¥ iS5
eidl uR dyel 8RR YA dd yelgrel
(lithosphere) S8 8, ddll ofldell As Relo8l geal
ashenophere S8 8. cAIRGIIE BsIgoll $HMi upper
mantle, Lower-mantle, Outer core Al %ﬂi 18]
Inner core AIdd 8. A1-As c-I't=|"t1§|"AIfred Wegener
(319 dl gupiieiiRA) A ol BidAcAl A4Sl SAT
(1) yedl wRell sicall ¥ visi 8. doll b
URURd yadl 3 ciadidl 219 8. wal 3 el
zssiidll sidla @Qeirh sal gl dq disl. yedlai
aisell UR Efiel wiRsIel yd BoiiRl 16 A1fks)
visell U2 (Bot1Rl ¥idi A clicid Rue Y1 8. (R)
qgpi, el wiRsion yd BeRrl U 2d ifksi
visall UlZM (Boilkl uR il 219dl MRllel Ddidl
AR 216121 S 2A¥ldl 8IA 8, ¥Rl § SiY SIG
1 oidl visi s ¥ e &A dM dIBl ; visidl
AsY14l] \i\cfi‘ll!l?.ll (Continental drift hypothesis)
Yool AR visidl gl H1sIR R, Yareyd d
As ¥ izl A0 ejvisdl qedidl cidd 8. yel
uddl ejvisl sinsi €l €l w28]al 221 usdl
dyI 8. UM V YR 3 vl olo¥ s¢ d; d idlal
Sedis YRid1l dl welldl &dl, uq ollw [y
ygfleli guili He1112RIoll Gsigfl usifla Meviial
23 UF, Vidl Vs IRISIRS did Weldl Hoil. N
SRIIRY § HERIPRIol YeIodi yddHInIil (ridges)
dux @GSl vflei (trenches) JelI Add &y 8.
RidgesHi¥l vig2dll mantle [A2dIRo| <2 cl&IR 19
& dl trenchesHi¥l 53] ie: Bd?]l A 8. vislall
[AdReld] A1 sgs uelel A3 Yy 8. 241 Ad

GIMRIRA (plates) ol URAdaidll plate tectonic
theory dRaAcy¥i 2A1dd 8.

Al Riedid &Rl visl [@Q2Aefl 2ild Hecudd]
(‘L(*nrc"ls (geophysical) D] Hﬂgcﬂ A 8. A
HMB21 A1 yed] Agd] [A2iNdl 8. Hididpii 2119 8 3
8¢l GIR ‘oli3eiMRRI’ (late Heavy Bombard-
ment)all 21l gl yedldl dlusl qéld 3edls
eiRIcIRA] olald 621 3 ¥ [R319€ g2l UR ARSUI HiISH
&2l. doll afd a2 ¥3R uRcin &q yedldl
Aidls 2Rl eiRdlA Buvis FHil cloAl d
Gondwana plate | Eurasian Platedfl ofld 2425d1
€] 8. dd uileid [EBaicdd] ydaydinil AIR—-d
8. QR I dl d oial 43 &l (Tethys) ali¥oil
At &dl ¥ NIACH YAl Vol IR VR 3 ViY SAS
(40-50 My) anl yd Raicel uddsinied] el
Yg. vild SREI AIT YRl d [AdIR eISYAR Ad
AdEl oofl WA 8. sYs WAl ¥ SREIAR
udRsicl Scllgioll1 [AdIR Rl elsud
AsAAIINI [AdR 2RI 8.

A ViRl oitg AYA 3 Hiz2IeiPlell vissIn
Aelell Hiss yedl ver As ‘[Bioddl upid [s’
(Differentiated body) & : 2ldl 3 divis id oflsd
Fdl @R drdl yedlel danai drefeidPpi ugil
alfdd 8. Al AldIse Fai edsi el Guzedl aiidl
219d 8. yedlell 2Nalell Bs icrell @21e121 1200
[5.3]. vs1goil [ARdIR 3 ¥ Fe al Ni oil 6lald 8. d
UIURI GIIR EGliRIal SREI ol YUY &1 8.
dofl Gureil A1121R 1200 [5.:].0ll s4A Fdl [AdR
Hdigl 8, duy [Qydel dies 8. uEl yedia
eelal SREI [Ayd Mgl Jei Y1 8. vd dd
SIRE) Bcuool Y1 8. yedle| Yoiscd: [Agyd siuaHl
Fdl A1 [AdiRell BUR &al RifGiS20] clolc (Mantle)
8d 8. URg doil Budl el RePY uUIEl 3 drd
%di 8. (Asthenosphere) al¥ell A1 [Rel2€l dd Vi
RidiRAl dzd] 28 8. 211 MBAI Zedis Myell 2116
eildiifdis $RsIRlg] SRRI Gidl 8. Ued ¥ el yel
yedl uRell iiciledl (¥adiRy, Climate) o uel
VAR S 8. El.d. AR Y s:As 9y (50 My)yd
BHicdAell uddainl clgRr dliddi [dcieddl MERl
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9Y[-[A@el clod]l 8. 1 2ied] ofl® As did vel
sendlA 3, visla Rididl dedl ¢ s3] isididl
sgs ddld wend MBA1 500 Myl 241 ddsiagl]
4dl g1 34 8.

€lxdl, yed] Agd s ufdMd eillds uenld s
e (Dynamic Physical System) sl di d AR
vy Budoll Sub-systems €14 8.  Bud»il 8,
FdIdRRI-ADY 2[R (biosphere), ¥dIdYRMe
viellell [AdIR  (Hydrosphere), dididRI-&d]
(Atmosphere) Hal Foll UR AUIUEI 1A 1A d 61—
1YW (Geosphere). I d¥ Budoili eeid
digda®ll 8A2[Ba1 (Interaction) Alddl @ 8. d
Usl ej—gzel 3 epuisidl MiblfdaIRis (Aol
el Aad. &9 did 2114 8 didigeled].

didigzel - Mield 1Yol Bgeid :

yed] uRef &lcief 1 251 F2dI MIRIGIY § Ai[5ReYa
AlRde] dididRel dl A19 YE ¥ &d. MIRGiell A
dididrel A g2il sl adl ABAYeysda usie
EYETINTE] (Oxygenic Photosynthesis)a sREl 8.
yedlo] UIRIGIS didIGREI dl AIY YE ¥ &d. MIRGHal
A dididRel [@A¥ef A1uR] slial 3da gien 34 8.
MIR(GIS dIdIgRRII H el He FdI &ASI 91 253
ol &l 34 3 dlsi £ wa AUAY 2y
[eis2dial SIRCI vissin AgI-yd] el oA €1 d
diyilal Madl A3d oigl gl il yledl \idiell
Tauri A4 [ABREI dyy AR Udddi ug
yIRlel I8 yel &dsi dIyil clEIR §518 ¥l upAl
e2l. 2 yedl (d vissin Ael)di UIRMGIS
dididRel ¢ie¥) d ol elicidie] Ul 25 (1) Al
igroll MIRIY] clElR oflsaidl A1 FHi YA &
CO, idl (R) GIR ‘Gil3aiRI’ &IRI olloll UEIAT CO,
3 -1 [isl &Rl s ciganii 2A19d

cirsuglld ueidl, i quucd &g viell 16 419 &d
o1Rs 243V A (611 ial Ao,

AT el (AYSS 3 ¥dARel) gidiuRendi
GIGII 21% O, 8. 78% N, 8 ¥AR ciisle] IR
d21eid1 8. ¥AR olisle] M1 @161 (613U qiy
Araj 8. clis] &cll ey MHIRIel Aldd 3 0.037%
fecil CO, 41y dofl éﬁdﬂé V2R green house

effectal SIREI RN YUY HI2 Guielle] sIReI
cidld 8. dididReni vielldl aiag el cledd
@ 8. vd d YuAcd ofludl (i A 3
Troposphere [A@iIPBHI WA &1A 8. HAN Y|
dididrel yedlel 2uipiellA vicid 2wl ol
Yucd CO, 4y &RId 8. gYsdll 212 CO, YSd
didigrele]l dl did % oAl 8 el d¥i uvel
AR ol uslA. gsui, yedl uR ¥ wyyIe3u
Voo dididRRl WURY G, d ARl &
iBAYeiYsd usikI-i2ANERIe, 3 FHi g2il siRI
uieflofl eeefl (iusiedl aiwhii) gidigRelsdl
CO,dIYo] RUNa1 U™ 8,40l &4I1Hi O, 4Sd AR B,

sAR a 2l dAd A3 Y 201 ubBA1? 24l
A4, 2l MY dl 589 A § 20le A3ide]
YUY B Aagdl Hi2 y] w3 dl usiI
A2AveI U AIUR]d déld. 21216 Foll BEiu s
8. d APR Yeind] uddxiarRil (Ridges )il
JIRHI-2IRH g9l 243U AcSIYSell Vidll clgIR
oflsAi 8 d ¥2AIRAIA @R dIvlel 860 YeI dicil
slsi Ral AVAl Eldie] w¥RUA . vl AV
MSIIR*AYERI YR aeidl ai¥fl. dial d Jidiel] Gl
Ac1YS vidln uR ddifkd ds2Rul skl And 8.
s »d Adl yel 8 3 AilE 243Yell D9 SERI Al
a1l 821. Urdl U Mddl BeulRiedl Adid aeil
de 8 dd d &Y G3dil «1¥l. (Panspermia) d?ls
diaviidl As grel Ywol Yl BeulRig 3yn
GlIIIUSI2PI B¢ 8. )

Rsil, yedldl sunpii &d 214 8. s il
aliZAIcHS 4ais!!

IYoll VEIT R.¢ eIy 9N By u@dl g
sAis ARAI-cIsZRAI (Cyanobacteria) oliall
Y2H VU &Rl $UYs @AY d 0, Ysd sl
usiRIANERI (Bl A3 Y. 21 As viol ¥ sildsi]
geaisudl of 3aa yedle dididRel ciedy, el
A1RAY 499 Besildodl A(AQAERMI vl YoorR
SRgR A, yedlal uiReiell uw el
uA2NANIol]l AUUR claid A1 HecdyRl a2alIA
gd U436 [AsAdiell H12[ Hisal s?] 2Nzl
yedlall dididrelefl A suA: 0, sW@I idlell
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ejzareuRAA Y1412l vel 4a & edunii il o]
BelR dadl 32dIS vissiMi digIy U3 ferric
USIR0] AIViS @A &1A & ¥ 1< A3l ferrouseil
il52132001 &IR1 cldld &y 8. g1 ferric dlvis
241 ¥ol Ul A1 divise] didIciof vidll¥ 8.

Gurisd us2Ri=ANEId (Bl 4 didigReled
0, -seldf] 2121112 M3l (A&l Ris yedl uR s Yol
id il al oldl Y21 A3 Y3l AIA Y AHYG
gy (By) yd 3 YAd wHA2NANI AU d] SCUd
MI2RI51ES ‘SeU’ (Proterozoic Eon) 58 8. 31 A4
SeU E3Alal g4 ilBRAYels] MHIRI A3vIdsI
a1l a2s1 el 2AR sl aldall R (21%) UR
vaixy. eRauB{A YlagarRMi &lddl  sey
(Eon)i ‘Phenerozoic Eon’ g skl ddl 4
2ol 213 SBUIRN 8. il UHA SCUHI VY A
Miel1 243y eRaPi] eRdl uR 21l M|
AAUA] HIg ARl (FAi #21% AlBdell Gyl
yel AR iy i A1 AYdidl [AiNdi &d. dei 412
Hiel IR Ailsuvel dioll (¥1RS U130 ) w32
usdl dpRll. ¥R [QARIRA 3 dve YAsRid
[ABcsid Ddal sla 2iei3] 8...27! Udi 6 D9
ARysdicisedl Al 4. !

93 As Aisdid s cgA, w216 sg| dA
yedlofl ustiell M1Rel o] d¥ &iciell 21uipiR(ai
3028l Y2 iy &d. d¥ Bdi URIGIS didIyRele]
driel dl viellef Maigl 243y wadl 2pvid usize
&d. 21121 ?ld ci03] 821, d s slus] AR &
%al Faint Sun Paradox & 8. defl awgcﬂ A Ad
NGB A1d 8 3 d A4 ABAYa ddeldl uRg
8ol (CHs) 41y &dl. doll (CO, Sdi uRI) Mein
cRacje iizal sRE d w4 yedl R gsigq)
dididRel €] AsY &2.

dididRelell 0, s2elefl did U viel 2141 dl
d sIIEISRS dl &d ¥, yel dxi] s Hiel ussik
Geil ye1 Yl. 0,0fl Mot 2A18efl UIA clE) sunii
R&eie] 33121 824l dI19¥Y, defl &RcI2)E ViR4R sicivi]
ysl tal €A €13l sdi gl Uz s @421 (Ice Age)
21d]l ys2l...d Aed 2_15.[] 3 Proterozoic Eondl
azéidHi yedl adierr guadl ga el oigai asig

1. VI AUVNANIG snow ball earth A}Y ol
AR 8. I cllcidall ejdR1R Y1414l yed]
uedl yeigel [AdRIMI ol 2dd 8. 213 A
ver yendl 3 el gel eRrdR iy Yo
(Geological Epochs) dll ol ¥ d [QdRiniel 24l
M3 qoil 2dd vissi § AHAainl ydl visapii
u1dd 8. [3Y21 vdidi ¥ grdl U, Fd ‘““ysAIuR
uig”’ sgara ddl wiRA@ Yar upll. As qR
oiRgo] AIdRRI B4I1g VI ied d udl el eidlal
AusiRie uIddel A4l dIdl.

11 AN didigzel §3 gsig 2fl dd &
&217! A1 s cigARId HR2A1 8. 43 & clicidlail
[e1€21 53 ASIA. d AN dRRAUIE MHIRI Yedi
visslo] lldiRl &2y Vidl d iRl Siolal SIRlIsAIYSe]
siofidiedi 3uidR yel g2y. d SRRIRAR
sdiapfulziiigl oflsadil co,e ednii uHIRl €R
iR qaal @ry. di ofl® olicid 1 8 3 Plate
Tectonic MBARMa gaaqidf]l yaiapplyigd
BcRi%¥oig] MAIRI URI e, ¢S SEIA dl, el
2ol €019 [RaRoIEd yed] uR siga sig Ad
glead)e diRiR s34 A Y ial oid] i1RA1adl AAR
1. 211 #4A AN cli@asizHigd] iadi dRis
[52e0l Cosmic rays, yedlell wadIi j e1191 ¢1%d
8 deil sl Gt 2yl sl il

Guilsd Ruyeriiedl cigRr Al uglal
ARIEdI ASIE AGI¥ dvell ANl g w3 di
RUdlell 2A4A &dl Vel do S21NI¥elS Boring
Billion S8UIMi 2414 8.

1 § dleq vi3 3, vl s2ll GUE-UI™d YdIRdlI
1 2N oigsivla V4l algae fungi, Scdiltodl
Geoty YAl. dIBdRMi AY yel YeIR] 8 5 R¥UI
il 11 2144 2nii AR (SReil (Cosmic Days)of
IRl 55 iR Y W@ &d. yedlall vaUIRY U
vasiMiY] 21adi AdfRs el 2fl 21212 &g A3
A €l uAlell Ay 8. cur udldl aidi gsui
Fendldi di yedl Guz ol s &l R @il
211d] 2141, FHiall AsIE dl viod AR US| WA dd
&dl. ud AP ARl dHiY] 84viY GigR 2iid]
aI.....!
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=341l

d1s Pail, A€l ellotl deloii 2119l yedla
sorel] Hislal MY AR 261y 9y el 21l vgiRal.
2§ YoiRiddol s dl 2A1310101] o 3 MIRE! ¥. US
vGiy 9y (By) yd Y2l G, cARGIIE Sl
s 21601 (Accretion) Mslisl id, uld 3
219 IR v Uy ey 9y vzl yedlel A
a3 Geotd YAl eydl yedl oid ci dl Theia
oildell A& AH VeI USRI el yedld gl
43udi BUAE 3 dldilAIAIER Hel. Rgoll G2

¥.U3 By 2RI, cARGIE Yl ¥Ieig allal

Hlel cli@d oli*oiiRIell UEllell el sAT. A 3
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PARTS OF ABIRD

There are so many birds all around us. They are of different species, sizes,
colors and with different sounds too. Let us learn about different parts of a birds.
Now, next time you see a bird, do recongnize it’s parts.
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lower
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primaries
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Shri Nanubhai Amin Award For Innovative Science Exhibit 2016-17
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