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MAx PLANCK 

Date o Bivth 23 Apil 1858 

Dat Death Oc to bu 1y+ 

Invenions Enexgy quanta won Nobel prize Enexqy 
Auands Nobe! Paáxe (19i8), Coply Mudal (24) 

Planck made may 
suhtantial contributions t 

physics, hut hiu ame as a physidst vest 

pumaily on hi rek as the Qviginator o quontiun 

thuovy uwhich SOveluüonúzed hwman unduutanding ef 

thu ovetica 

akomic and subatomic pYoCLes In 1948, the 

euman sientilic institution Kais e uihelm s0deky 
the 

ten he siqned with the name Ma and wsed thi 

uns venamed Max plack soiey By the age e 

OY est his lite Enovgy anta u the ourdation 

all quantum physiu incuding 

qLLanntum ield theovy, 9uantum technelogy ave 

the 

quantum chumisty 

untionu eletron in hydrogn akom at dikhount 

cnibigy Lovels Bvightee 
probability Fraing 

untdi ou o 
auas Spent a highu 

the eloctren 
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M191ON CHARDDAVAAA 2 

Jntoductn:Chondayaon-2 is the Setond luror exploratio 
mission deve loped by the Indion Spoce PeseOYch orgo 
nfsa liorn ( 15P0), aller chardraya a n- 1. Tt tonsisted of 

o lunan orbileT, 4he vikK1am 1arde, ond he praqyan dunay Yover, all of whith weye cdeveloped io Tndia woas the vst mission in hi story to attempt soht landing landing near luna South pole .The main sdenific obiee live is to nap and study he vayiahons in lurar Surlace cornposiion, as well as +he lotaion and 
abundante o lunar watey. 

The mission type chandroyaan 2 Compasite t 
Iunay. orbitey landeT, YoveY The operator tor chardra-

y0an-2 (omposile fs Tdian spoe Research orgonia-

4Ton ( TSRO) 

Mission duralion 
OYbiter:1 years 

Elapsed: 4 months, 6 days 

vK1am landey Ih days ( planned ) 

Achie ved:o daups ( landing tailure) 

PYagyan YOveY I4 days ( planned) 

Achieved :0 days ( landinq failure) 

Spacecrall pYoperties 

The pacecvatl propertfes are manufa cfured by 
The 

ndian Spate Re seavch oYgantsalion (ISRo ) 
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* Launch mass 

Combined (wet) : 3,856k q (8,490 Tb) 

combined (dry): l, 308 hg( 2,384 Tb) 

OYbiterwet): 2, 349kq ( 5,245 Tb) 

Orbitey (dry): 682kg (504 Tb) 

ViKYam landey ( wet): \, 441 kq ( 3,243T6) 

Vi kram landey ( d ry): o2 Gkq (, 38OTb) 

Praqyan Tover: 2tkg (0Tb) 

PouweY 

OTbitey: 1KW 3hp) 

vikram landey 65 O 
Pra ayan TOVeY: 50 h 

Start o Hission 
The StaYt of Misslon Launch date is 2 Tuy 2019, 
The 

T:43:1R . TST (09:13:12' UTC). The start of Mission 

is 
RoCKet ts GSLV Mark 11 M1 The launch site is 

Saish Dhauwan space centre Setond launch pad. 

The Star ot misston tontrattor is Tndian space 

Restar ch DYqanisaHon (1SRo) 

MOon oYbikey 

The OYbital inser Hon: 20 August 2019, 09:02 

TST (03:31 OT C) 

OYbital paramelers 

peritynthion alitusde is t0o km (62mi) . The Apcy-

nthion alitude is l0okm (6ami ). The înclinaion 

is 90° potar OYbit) 



Moon lander 
foY Moon lander is The Space raft component 

Rover Land inq date s Septembe 2019, 01%53 TST 

(failwje) (6 September 20i9, 20:23 UT C). 

The spae cratt was launched on ih missfon to|| The 
Moon om the Second launth pad at the safih 

the 

Dhwan Space ccnlre on 22 July 2019 at 2.43 PM IST 

(0T 3 UTC) by G1SLV Mark tul. The TaBE Tea thed +he 

HOon's ovbit on 20 AuguSt 20 19 and beqan oTbital p| 
Honinq manoeuwes 

the 

tor the laundinq ot vikram lan-
dey vikram arnd the ToVeY were Scheduled to land 

on the neay Side of the Moon, in the South polay T9 

fon at a laiude of about 10 South on 6 septemb-

e 20 and conduct Sueniti expeviments for one 

lunay day, which appvonimates two tarth weeks 

Succesul Soft landing would houe mode îndia 

fouT th 

the 

counry after USSR, US and PRC o do So. 

HoweveY, the landey devfated vom is întended 

4rajectory staHnq at kflomeres lI.3nmi) alitude, 
communicaHon when touchdoton Coni 

maion was expecked. Iniial Yeporks Suggestinq 
und had lost 

CTash uwere tonkymed by TSRO chaiman . sivan, 

starling +hat it must have been a hard landi nq"| 

The Failuve 
he CYash was caused o a Software qlifch 

TSRO may ne-attempt a $oFt landing by 

NOvember 2020 with chandrayaan-3. 

Anaysis committee conclud ed hat 

mo 



Chandrayaan-2(MiChon) 



The proposed conHquraHon woud included a deta-

chable propul sion module o andey and a Yover. propul sion 

HistOy 
on 12 NOVember 200. TepYesen tahive 0f he 

Russtan Fedeval SpateAqenu 
CRoScosmos) and 1SR0 

sgned an agqvementoy hne two aqencits to work 

togethey on the Chandrayaan -2 project. TSRO uwowd 

hawe the prime Yesponsibiliky fo the OTbiter and rove 

while RoSCOSmoS was to provi de the landey.The 
Tndian goveynmenE approved the nmission in a metti4 

18 September 

the 

ng of he Union cabinet, held on 

200 8 and choved prime Minister Manmohan 

singh. The design of the Spae caft was Comple bed 
in August 2009, wi th suenHsk o both counie 

Conduing a joint Yevíew 
Alhouqb TSRO inalised he payload to1 Chand 

OyOan-2 pey schedule, the misston was postponed pev 
Tes cheduled to 20l6 because in Tan uarY 2013 and 

Russia was unable to develop the lardey on ime +ime 
Roscosnos ta tevY withdrew in wake ot the failure RoSCOSmoS 

he of he Fobos- Grunt mission to Mars, since the since 
tethnitas ospecH tonecked with Hhe FobosGaYunt 

weve also used to the lunay projecs, which 

Hoe 

mission 

neded to be TEviewed. when Russia tited ik 

inabilty to provide the la nde even by 2015, ndia 

deve lop the lunar mission 
deided o independenty| 

The spacecaft's launtb had been Scheduded for he 



March 2018buk 
hen to OctobeY to (onduct 
vehicte on 19 Tune o18atter the program S fourth 

was Yst de leuyed to fApri and 
o further tess om he 

comprehensive Technfcal REview meting. a number of 
charges în confqoaHon eund landing sequene were 

Sequenhe 

tov implementaH on, pushinq the launch to 

the Pirst haf of 01 Two of the lander's leqs got 
minor Cdamage during one of he tests în February 

planned 

the 

209 
chandvayaan-2 launth uas iniatluH schedule cl 

fov 14 Tuly 2019, 2 21 UT(1S Tuly 20 aE 

O25 TST local me), with the landing expetted on 
Tuly 

GSPptembey 201q HouwevEY, the lunch was aborted 
due to a techni cal qi tch and was 

aunch OccuYred em 22 Tuly 2019 at 09: 13 UT C 

Tescheduled. The 

C443 TST) on the first operaHonal tqht of aa 

GSLV MK l M1 

bjecives 

The pri mary objechives Of he chandrayaan-
andey were to demonSHrake 4he abili ky to sott 

and operate a Tobolic 

The 

abilty to 

land om the lunay Snface 

YOveY on the Swface SenHHc 9oals incude orbi 
ta uwface n Studfes ot lunay topoqraphy, mîneralogy 
elementa abundance, he lunar enosphereand 

3ignatwes of hydrony and 

wiu map the lunan Swface and help to prepare 

3D maps Of it 

waler ice. The O1bter| 
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The ovdey on board TadaY will also map the Suy 

Studying the water fce tn the South while studying ae 

polaui eqi on and thickness of the lunan Yeqott th pola 
on the Swface. 

The mission was launched on a ieosynchronous 
satellit launch vehtcle MaTk it SLV Mk 1|1 with aan 
apprOímate ft of mass of 3,8so kq (8,49o Tb) 

rom Satfsh dhawan Space Centye on syihartkota 

Island AS Of Tune 201q, he mission has an alloc-

ated Co st o 4.7 billion appvoumately us4 
mflion) whtch inchudes billiong for space Seg-
ment ard 3:t5 lo?llion as launch costS on GsLV 
Mk lchandrayaan-2 Stack uwas initialy put in initial 
an Eanth pankinq obit of t0 km pertoqee and 
HO H00b km poqee bthe lounch vehicle. 

OYbiler 
AS of sepkemloer 201, the chandroyaan -2 

polay orbit OTbiter u0s OTf bifrnq the Moon on 

at an alHude of coKm6ami), Tt cayves eight 

sienH he fnsrumenk wo of which are improved 

vevsions ofthose floun on chandroyoan-4. The 

apponate lcunch mass was 2 319 kq t45 Tb). 

a 

The mass 731 kg. The orbiter +High Resolution 

Camera (oHRC) condutfed high- eJdluhon obseruaho. 
ns of the landinq stte prior to Sepouiation of he 

The 

to ns 



Utkrarm lander 



ander from the orbitey.The 01biter's SEruchure 
was manuBattuned bu indust an Acrona uics Lim 
rted and deliveved o TSRO satellite lentre on 
fted 

22 Tune 20ls 

. Dimensions 3 2*S 8x 2.2m 

Gross 17FE -oFF mass 2, 379 kg (S 245Tb) 

propelloa ht ma SS 6q7 kq( 3,#HITb) 

Dry mas s: 6ga ka ( , Soy Tb) 

PoweY enerah'on capaity: lo0o w 
Mfssion duraion: approimatey .s years, enkended 

Arom the planned 4 qea osing to the prccase 

5 yeavs, extended 

aunch and mfssfoO manaqement, in lunay 01bi| 

vIKTam ander 

The mission's andey is called víkyam named 

al ter ViKTam Sarabhai C1a19-1971), who is widey 
tounder o the Tndian Space the Yeqarded as 

Proqramme 

Th vikramn lande detached rom he 1btte 

a low luna 0Ybit oF 30 km 
to and descend ed 

Y LOOK m 19mix 62 mil using ih 800 N18o lbe) liquid 

maun engines. 21 hen Pevkoymed a comprehentfve 

check of alliB on- board Systems betore attempt 

a Soft land Inq that uoud hove deployed the Tovex 

and pe orm ScienHHe aciviHes for approimatey 

Eath dayS. vikYam Space CYatt Cash-land ed. 



YOVe 
S ,47) k 3 2431b) 

prelfm minary ConHguyalion study of 

he pproinmate cOmbîned 
mass of the landey and 

The 
he 

landeY wOS Completed in 2013 by he Space Appli 
andey 

caHons CentreSA C) fn Ahmedtbad. The land evs 
propulsi on System Const st o4 e Tght S0 N(1 Tb�) 
thTuste s thrusters or attitude conrd and ive &0ON thYu 
stes oT quid main engines derived rom 
TSRO'S H4ON (11 Tb) Lfquid Apcq ee Motov. TniHally he lande desígn employed four main liqutd en-nes but 

TSRO'S 

a centrally mounted engine uuas added 
o hardle neuo YeqiYemens of hawing to Orbf t 
the Moon belove anding he 
wOs eapetee to mHgate upuard draft of 
lunay dlust dwimq the soft land îng vikiam uns 

addito na engine 

lust 

desianed to Satel land on slopes 

Some assodated 

up o 12 

tethnologfcs include a hfgh 

Cameya lase Ati metey (LASA), Landey LSoluhon 
Halarod Detecton Avoidaance Caee (LHDAC), 

Landey posiHon Detechon cameYa LpDc), lander Lande 

tovi3ontad veloeiyH Camera (LHve), an foo N thro-

fqid man engine, attihude thruster 

Qltfmeters (kaRA), Lasey Inerhia! 

tovi3ontcu 

ReFeyente h Accele Tometer package CLIRAP), and the 

SDttware needed to un these 

tleable 
Ka band adio 

componens. 



En ginecri nq models of the landey began under 
gofn an TOund and aerial tests fn lale octcbe TOund 

20l6, in lb, in Challakere in the chtraduvqa dsic 
Kanataka. TSRO CTcated TOughy 10 CYaers 

ht lander's SensoYS to Selett a landinq stee he 

on the Suwn ate o help asSess the abiliy of 
landey'sS 

,Dimensions' 2.5H¥2y 12m 

site 

GTD SS ft- of mass: 1, 41 kg ( 3,243 1b) 

propellant 
mass: 8y5 kq (11863 1b) 

Dr 
mass: 626 kq (1,380 Tb) 

powe enuaki on capabiiky: 650 h 

luna deuy) 

MIssfon durafion: 4 4 day one una 



x 

aayan TOJey 



The 
mission's TOVeY Ts called pra Yan wih 

2tkq 60 1b), uoould hawe operaked 

Solar POweT. The Tovey was o moVe 

Over 
pra9yan 

of a mass 

on 
move on 6 

lun an wheels +TaverSinq Sobmekeys on he he 

Suwntace Cat heTate of em per Second, perlo-
he 

m on sfte analys es und Send the data to 

he lande which would hawe Telayed 1t he 

the Mission onro on the eanth. Fo raviga-

Hon, +he roveY uses: 

Came a- bosed 3D visfon: two 
Stereoscopíc 

1megopinel, mono cbromaHc NAVCAMs in ront 

of 4he TOVeY to Provide the ground Lontye tea 

m a 3D view of HheSwmounding terratn, 
he 

and help in path- plannfnq by eneraHng a 

digital elevakon model of 

pu Contribut ed to Hhe development 

to ght 

bu 
the teTYain T Kan-

o the Sub 

based map enerakon 

and moHon planninq fov the YOvey 
systems 

'Contro and motoy dynamic the TOVes ha s has 

TOtk eY- bogi e Suspensfon Sem and b 

heels, eath dri ven by ndependent brushless 
wheels, 
De elettric motor s SteeYfnq is atcomplished 

1dfeyenHal peed of Hhe uheels OY Skid stering 



ctked operaing ime of prag 
npecked 

unay dy, OY avOund 4 Eath da| 

elecronics were nddt designed +o enduf 

riqtd 

The 

PYag yan Yovey 

uas one 

as 

una ntghetowever, i poue 
Soa- poweved leep/uake-up has a 

sys tem 

mplemented which could have resulted 

onqe 1Service ime than Planned.Twvo 

the rovey have the TS RO lo90 

cycle 

aft wheels of 

state émblem 0f îndfa embossed 

leave bechind 
aund 

he 

on hem to 
pattern ed hatks 

una $wface, whfch is wed 
on the 

measue the enatt dfstane 4ravelled , also 

called vs ual Od omery. 

Dimensions: 0.9 X O5 0.8 5m 

poube 50 w 

Travel peed: 1 em|sec. do 
Mison 

duTak on 14 
doys(one 

luna day) luna 

Mission 





M1SSTon Prole 

operations ne of 

Resul 
Dcte Event Detaf haSe 

Ap ogee/ Periqee/ 
Apos elene pr4selene 

12 Tuly 
BuYn Eime: 16 5, 475 km l&q.* km 

min 14 sec 
2019 Launch 09:13 12 

UT C 
24 uty 1s oTbit-| 

C2, 2Stm)C 10S.s nmi ) | 

BUTntime: 4 45, 163km 230 km 
2019 Ya si n9 

69:22 UTC aneuveY Sec C2s, 063mi)(14o mi) 
RS Tuly2nd otb-

Yaf sing BurnHme: 8 83 54,82q km 2S km 
2019 

1938 UTd maneuver Sec C34,069 mi) Is6mf) 

rNcnhie R9 July 3d ovbi Burn tinme: 989 17q2 km 276km 

201 Yaising 
hase 0942 UTC Maneuver 

Sec C4 Go9 mi) CItl5mi) 

2 August yth orbit-Bun tme :64689, 4+2 km 277 Km 

2014Yai sing Sec 
C55, s5 mi)CT2mi 

0s1UT Maneuver 

276 km 
6 Auqus5 orbit-Ruro Hme : lo4l 42 1H KM 

Taising 8s,841 mi) C mi) 
2019 Sec 
0934U ma ne Uver 

13 Augus Trans-lunar BuYn Hme: 1203 

2019 Sec 20:51 UTCinject Ton 



Lunay Ovbit 

20Augutnserion BuYn time 1, 612 km 

1lunay 38 Sec 

1114 Km 

Cu229 mi) Tmi) 
2019 
3:32 UTC bound 

raneuvei 

2) Augus lunay 
BuYn ime 

113 kn 
4412 km 

2019 bound 
04:20 U maneuves 

22 Sce C2,t4 mi) 

selerocen-2$ Auqust 3Td una Burn me: 1 Hl2 km 

Cs4Tmi) 

(79 Km 

2019 beund Cumf) 
pha Se 03:34 UTC maneuve-pha Se 

30 August u lunay Burn Rme: 64 Km 24km 

2019 bound 155 Sec Ctmf) C1D2 mi) 
248 UiC maneuvey 

Septembe slunay 
bound 

11 km 
BuYn tTme: 12 km 

(49 mi) CHmi) 
2019 52 SeC 

12S1UT maneuves 

Septembe deorbit Bun Hme:2s km 
(8omi) 2019 +45 viKYam Hsec Cosmi) 

UTC separa Hon 

3 

Septermber SdeorbituYn Hme:29 km 
10 km 

2019 3:20 buYn set C8omi 

UTC 

September n deorbit BurO Hme:1oi km 
3 35km 

(12mi 
2019 63mf) 

buYn Sec 

2212UTC 

Spt ernbeiPowered Burn ime; Landinq landi n9 

2019 eScent 6 min C planneed CplamedA) 
200 UTC 
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chandrayaan-a ums launched on baord the 

vehicle on July o1 at 13 

nally 

MK M1. aunch 

14:4 31ST) wi th bettery than 

ualt of t the cryogentc uppe Staqe beinq burned tu 

expe cted apqee a 

hich ate efrAnated the eed fo ore of the 
pne tton, which 

one of the 

eya1sin9 burnbs durtng theeocentric phase of mission 

also esulted n the Sautng b} dtround 40 rg tue 'S tuel 

homd the space cvajt 

Immedtatly ate launch, multtple obte vat}ons o a 

Ovinbright thfect ouer austraua weTe made made 
Telated to uppe stage ven ting ob 

ich could be 

eSdual LOXH propellant a tey the matn buTD burh 
seocentrtc phase 

20 
200 

2 

0 

300 

erom petion 
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A ter 

by the launchb 

betnq placed tnto a 45, 451 X16 km parkin 

vehtcle, the chandayaan 
bit 

iGECYat Stack nadually Tatsed ts ovbit ustnq oo oD 

eard rd propula tton owi 2a days In tht phase, one propula tton 

Tigee- afstng and tive apogeesatstng urns weTe 

m fpr med to reach a highly ecentmic orbio o for med 

42,75 x a76 Fm olloused by tsans- lunar injection o 

sAugust a01.Such bn9 Earth- bound phase with 

mu ltiple obitTaistng manoeuvres eaploittng the tert 

eject was Tequired becausee the mi ted ting 
the 

capati by b the aunchb vehicle and trust o the 

space cratS on board populsion 
ystem. A Similay 

$a tegy uas used to chandrayaan-1 s10teq 
and the 

larS orbite Missi on durig thei tarth- bound 
Mars 
phase trafeckor y 

On 3 August sbl9, the fmst set o Eavth 

es wese captured by the u4 Camera on the mage the 

ikram larder showig NOrth Amrican landmais. 
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Team 

Key 
Scienttsts and engtneercs inuolued in the tnuolued the 

development of chandrayaan 
incdude 

Ritu artdhal Misston Drector 
, Muthayya vanitha ofect Disecto 
,k. kalpana Ass coct ate profect DIrect 

G. Narayanan Assoctate 
Project Directo 

G. Nagesh Project Orector 
chandrokanta kumarDeputy project Director profect 

Amitabh SinghDepuy profect DipectoY 

Directo 

project 

Radiofrequency 54stems 
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