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1. List of Abbreviations




2. Highlights of GATE 2024

= indizn Institute of Science (15¢) Bengalury is the Drganismg Institute (0] for GATE 2824 The website of GATE
2024 is hitps/igsto2024 iscacn,

» Dates of examinatiom February 3, 4. 10, and 11, 2024 The exam will be held in two ssswons on these dates
— foranocn 2nd aftermoan

« GATE 2024 will be conducied 35 = Computer Bazed Tast (EBT)

« Thore will be = total of 30 test papers. GATE 2024 lest papers will be in Englizh and enfiraly of the objective
\ype The types of guostians include Multiplo Cheice Quostions (MCOL Multiple Salset Questians IMSO) =nd
Numerical Answer Type (NAT) questions, In MCO= gnly one eut af four oglions iz carruct |n MS0x one or mare
thaneone oul of four oplions i=fare correct: and For NAT questions (he answer musi ba beyed in using a virtual
kaypad The eandidstes most usé dhly the en-screen virtusl caleulator providad for thair caleulstions.

= GAYE 2024 will kava 3 naw lzst paper on Data Science and Artficizl Intelligénce (DAY, Plzate chock oul
carresponiding naw two-tost-papor combinations

= Capdmfates gre allowed la dppedr for ona or two fesl papers pnly. The Iwe-piper combimalions must be
chosen fram tHe givan st of eombimabons. I now bwe-paper combmations become available. the candidates
will b grvem an apportumty to fevise ther salsction and choose st papors with nor-conflictmg scheduiss
Candidates appearing for two test papers aro reguired to hll out 2 single application lermronly.

« Examinabon for some test papers may be held in maitiole sessions However: a candidate will be regured io
appear for the sxamimalion m only one of the:sessions of the tegst paper

s A candidate who s currently studymg n the third or higher years of any erdergraduste degres program or
who has already completed any government-zpprowsd degree program. in Enginesrma/Technology/
Architecture/Scionce/Humanities 15 aligible to appear for GATE 2024

= Thare i5 no age imit to appear for GATE 2024

« Applications will be 2ccepted ONLINE through the GATE 2024 Application Portal which can be accessad fram
the GATE 20124 website.

« GATE 2024 score card will remain valid for THREE years from the date of the announeement af results.

« Candidates with B05. BV Sc. and 8 5S¢ |Agriculture. Hortitulturs. Forustryl degrees can alsg appear for
GATE 2024,

« GATE 2024 will be held =t zevers| contres spread across more than 200 cities/lowns in Indiz anly.



3.Important Dates

BATE Online Application Processing System (G0APSI opens

Store Cards available for download by paying 2 fes of
ﬂt%ﬁhwﬁﬁpap#

The dates mentioned sbove are liable to change



&.

Pattern of Examination

Particulars

Durahion
Hﬂ‘ﬂﬂiﬂ' 2] dhflll-i

Sections:

Types of questions

Test of abilities

mulm

Distribution of marks in all papers
excepl AR. CY. DA, EY, GG, MA, PH. 5T,
XH and XL

Distribution of marks in papors AR, TY.
DA, EY. GG. MA. PH, ST, XH and XL

Marking schame

Negstive fratis

Datails
Computar Based Tost (CET)

3 haurs®

3 lest pagers

Goneral &phtuds {GA) +
Candidzte's Selactnd Subjectis

() Mulfiple Choice Qusstisns (MCO)
(i3] Hulhp{eﬁeiﬂt:t Qusstions IMSQ)
{e} Nurmarizal anTm (NATS

lz) Hecall
i) Comprehansion

icl Application
{d) Analysis and Synthegis

N0 [Geseral Aptitudal « 55 (Subject] =45 Ouestions

Gonerz| Aptitude: 15 marks

-Enginearing Mathematics®": 13 marks

Subjzct Questions: 72 marks
Foial 100 marks
{**¥Eincludes an Engineering Mathamalics section XE-A of 15 marks)

Goneral Aptitude 15 mbrke

" Subject Gusstions: 85 marks
[Total: 100marks

Questions carry sither 1 mark or 2 marks

(For 2 wiong answer 1o an MCDL there will be nogative marking.
For 2 T-mark MCOL tﬂwrﬂhnmwhlmam
Likawisa, Inrlh-n:ki HEﬂ.M\dI hdﬂ!:.thclhr;mmwnr.

“Thaes is na nagative marking for wrang answers to MSU ant NAT

(iestiod

Thardis o patial aiking for Sy i

*Pwil candidates with benchmark disability more than 80% are eligible for compensatory ime of one hour Pwi
candidates with less than 40% disability and havino difficulty in writing are eligible for compansatory bime

subject to produchen of 3 cortificate 3= stated mn Appendi=l of the guidelines ssued by the Mimsiry of Social

Jushce and Empowerment




5. About GATE

Graduate Aptitude Test in Engineering (EATES 1= a national-leyel examination condocted jointly by the Indian
Institute of Sceace (ISe), Bengalury, and =oven Indian Institutes of Technelogy (T Bombay. IIT Delbr, (T
Guwahzl, IIT Kanpir, 1T Kha=gmr. 0T Mzdras. and IIT Roorkes) on batalf of the National Coordination Board
(NCB-CETE. Demartment of Hioher Education, Minstry of Educztion (Ma5, Govarnment of ind:

GATE is conducted 25 2 computer-basad test ICAT) and evaluates the camprehensive understanding of the
candidales in various underoraduate subjects in Enainezring. Technology Science, and Architecture: and bpth
undergraduate and post-graduate lavel subjects in Humanities and Science GATE 2024 will Featurs 30 towy
papers, distributed over four days The sxamination dates for GATE 2028 3re February 3. & 10 and 11, 2024
GATE 2024 examination will be conducied: in soveral gifiss aorpss Indiz 'GATE 2024 will not be conductsd in
contres outsids |ndiz -

The GATE score reflacks the relative performarice lovel of this candidate in'a test paper. GATE 2024 scorewill be

valid for THREE YEARS fram the date of anmouncement of results. Quslifying in GATE 'is usatil for secking

admission and/or financial assisiance to:

(il Master’s programe and direct Dectoral programs in Engineanng/Technology fArchitecture: and

(i) Doctoral programs in ralevanl branches of Enpmesring/Science/Technology/Architectura/Himamnties. in
msbhidiony supported by MaE and other govorniment sgescies. Evan in'colloges and inshtotions thal admit
siudents withaut MoE melamhip!;sms&anbhip..EhTE gualificabon may be useful Further mony Public
Sector Undertakings (FSUs) have basn using the SATE score m fher recruitrment poocess

5.1 GATE Adminimiration

GATE is sdmimsstered by Indian Insinute of Soience (I15c). Bengalury. and seven indian Institutes of Technotogy
(T Bombay 1T Delh, IT Cuwahat, T Ranpur, IT Bharagpur, T Madras, and T Baarkesl. which are collsctively
ratartad fo 25 rones: Far sdministrative purposss, the sxamination cibies n India.are segregstad into theas snht
zones GATE opershiens insach zons-ars mansgsd by the Tonal GATE Olfice, Each year one of the-sight zonsl
msbiutas 15 desigrnatad a5 the Organising Instituts (005, which will be responsibile for the overall coordinztion
and conduct of the exam, Indian Institute of Science (HSch. Bengaluru is the Dreanismg Institute for GATE 2024

Table 1 gives the details of the zonal structure of GATE with contact details and the examination cities whene
thetost eantres will be available

Table 1: Zonal structure of GATE and tentative list of examinalion cities/towns.

Lonal GATE Office Tentative List of Examination Cities/Towns

| Gujarat Ahmedabad, Anand Bhavnagar, Bhuj. Gandhinagar, Jamnagar,

Tone-2 Mahsana Bakat Sural Vadodara Vapi

T Bomhbay ,H:.'Iura:hh'r Ahmednagar, Akola, Amravati, Adrangabad, Baramati

Powai. Mumbai - £00 074 |Chandrapur, Dhule. Jalgaon. Kolhapur Latur, Mumbai Nogpur, Nanded,

Email: gatecfficei@iith sc.in 'H zshik, Navi Mumbza-Thane Panwel-Ragad Puns; Ratnagin, Sahgamnar-

Phoneno DZ-25T4AT0AR | LoneShirdi, Sanagll. Satara; Solapiir Yasa-Palobor Wardha: Yavatmal
iGoa: Gea



Zona-1

T Delin

Hauz Khas, New Dolhi - 110 014
Email: gata@adminitdsc.in
Phone no= 011-24591749

Zone-&

HT Guwahati

Guwahali - 781 039
Email gafe@iig.acin
Phone nos.
(0351-2587751 /2582755

Zone-5

T Kanpur

Kanpur - ﬂlﬂ‘li
Email: m

Bﬁ&ﬁ?ﬂ:ﬂuﬁmﬁm
Zune-&

T Kharagpor
Kharagpur - 721 302

Email patecnlinefaim sithgp ac.in

Phane nos.-
03227282091 /2872005

Zonw-T

T Madeas

Channai - HIHIEIE

Email gatediimac,in.
Phone no- 04£-22578200

Lone-8

IIT Roorkes

Roorkes— 247 $567
Email galoEtrat.in
Fhoneno_ 01332-284531

‘Haryana: Faridabad, burugram, Hisar

Jammu and Kashmir: Jammy-Samba Senagar

Ladakh: Loh

‘Madhya Pradesh: Indore: Uyan

‘Now Dathi: New D=lhy

‘Rajasthan: Ajmar, Alwar, Bikaner Jaipur, Jodhpur, Kotz Sikar, Udmpor

Ultar Pradush: Geeater NOIDA Mathura
{Arunachal Pradesh: llsragar

| Assam: Bbrugarh. Guwazhatl, Jorhat. Silehar, Tezpur
Bihar: Ehagalpur. Muzalfarpur, Fatne Pumnis

| Jharkhand: Bokarg Steal City, Dhanhaed

‘Manipur: lmaphal '

| Maghalaya: Shillang
| Mizaram: Aizawl
Magaland: Bimzpur Kehima

Sikkim: Ganglok
{Tripura: Mgarials

Wast Bengal: Assnsal Durgaplr. Burdwan. Kalyani Siliguri

>lhm=ﬁ=dnh:mupd. Geralior. Jabalper: Szpar. Satns
‘Ultar Pradesh: Agra; Aligarh. Aliahabad, Sureilly. Gorskhour: Shanst.
‘Kanpur, Lucknow, Yamnas

\Andhra Pradesh: Eluru. Kakinzda-Surampatem. Rajamahendravaram

| {Rajahmundry). Srikvlam. Tadepallipudem, Viayawads,
Yizkhapatiram, Voaanzgaram

'Chhattisgarh: 2hilal Bilaspur. Baipur

| Sharkhand: Hazzthag lamshedpur Banchi

Ddisha: Balasore. Bhubsnzsewar, Brahmapur: Cutizck. Dhenkanal
Kakzlpur (Puri), Rourkeiz, Sambalpur

Wast Bengal: Bankurz, Berhampur-Murshidabad, Hodahly, Howrah,

| Kharagpur-Midnapur. Kolaghal Kelkata. Suri {Birbhium)

-Andbra Pradesh: Chiraia; Chittoor, Guntur: Kadaga, Nellore. Ongois.
Tirupat

‘Rerata: Atappuzha. Aluva-Ernakutam, Attingal, Chengannur, Kanprapally,
Kollam. Kathamangatsm. Kettayam, Muvatiupuzha, Thiruvananthapuram
Fnﬂﬂi:hlﬂf Fuduﬂnnrr:

‘Tamitnadw; Chennal South, Chennai West Coimbatore. Cuddaiore.
Dindigul. Ihnmmngn-uagmmﬁ. Madurai, lhnﬁdd.mhnwm
‘Salam, Thanjavar, Theni, Thoothuludi, Tiruchirapalli Tirunstveli, Vellore,
'Ifhﬂdlumar

Hlmd,&wmt.wqmq:l
Harr:ru Ambalz Kurukshetrs

Himachal Pradeshr Bilzspur, Hamirpur, Ksngra Mandi. Shiml=-Solan

| Pdnjab: Amiritzar, Bathinds, falandhar Ludhianz, Mokali-Chandigarh,

| Batialz, Fatkankol

|Ultarakhand: Dehradun Haldwan Rborkae:

Ultar Pradesh: Ghazabad, Mogrul Moradabad Muzatfarmagar NOIDA,
i Saharanpiir



6. Opportunities with GATE Qualification

To avail financial 2seistance (scholarship/assistantship) fora pestgraduate program, the candidate mus? first
s=ours afmission to 3 program in one of the tentrally funded matitutes. through a process that miay ke specific
to the institute. Depending an the nerms sdopled by the institule o3 department of the institute. candidates
mz be sdmiiled ||:]'rr=|=_-@|:'t|.1,|| into 3 program, bosed on their performance in GATE only, or bassd on they
performance in SATE and an admission test andfor intervizsw conducied by the department to which they have
applied and/er the candidate's academic record. The MeoE guidelines prescnibe a minimum of 70% weighiage to
the performance in GATE and the remaining for the candidate's performance in the tast/interview andlor
atademic recrd. Hmva the admitfing institutes could -145-9 prescribe 3 minimum passing mark in the test/
interew

Candidales aro advized fo sechk complele debails of the admission procedures =nd the zvajlabilily of MoE
scholarship/assistantship from the correspending admitting institules The eriteria for postgraduals admisdion
with scholarship/acsisianizship varies from one Inslituts to the othér The managiément of the pesigraduate
scholarshiplassistantship [s dlso the responsibility of the admilting institute: Reservation of saaks for different
categorias will be 36 per the policias and norms of the admitting rstitute and Government of lhdla rules. The
atfmitting instituta may slca specify the mimbar of condidatos who will ba provided financial Fszistanee
(2cholar=hipl il admission i secursd. Qualification in GATE iz 3l=b 3 manemiim reginremoent ta apply far varbus
fellowships awarded by many government drganisations

Difforent fypes of scholarships and sponsorshup opoortunities:also sxstfor forsign nationsls: Oetals may be
obizined fromnearby indan Mission or from the website of |ndhan Councel for Cultural Relztions

Saveral Public Sector Undertakings (PSUs) have been usmg GATE score to shortlist candidatesfor recruitment.
Dunna the past fow years. the FSlis that have used GATE scores in their recruitment process ars: BRarat Heavy
Electricals nmted (BHELL Bharst Sanchar Nigem Lmytad (BSNLL Coal India Limited {CIL) Centre for Railway
Information Systams (CRIS), Chenab Valley Power Prajects Limited (CVPPLL Damodar Valloy Corparation [OVCH
Eiectromics Corporation of India Limited ELILY, Enginesrs India Limited (EILY, Gas Authonity of Indis Limited
{GALLY, Indian Oil Corporation Lirmited (1OCLY, Mazagaon Dock Shipbuilders Limited (MRSLI, Mational Alumimium
Company Limited (NALCO). National Highweays Authority of India INHAD, NLC India Lsmited (NLCILL National
Minesal Development Corporation (NMDC) Muclear Power Corporation of India Limited INPCILY National
Thermal Power Corporation (NTPC). Oil and Natural Gas Corporation (ONGC), Power Grid Corparation ol India
(PELIL), Power System Operation Corporation Limited {POS0CO), Rashirmz lsmat Nigam Limited RINL)

Birvet rezruitmant to Broup-A level posts in the cantral governmant such as Seniar Field Officer (Tele), Senior
‘Ressarch Officer ICryplo) and Senior Research Officar (SKTT In Calnnat Secretarial, Government of India_ ls nove
being done based on GATE score The details of the scheme of recruiiment are usually published in naticnal
nuvﬁpipqrs;'fmplumunl News/Rozgar Samachar by the cont=rned autharity

Other organisations may aldp utilise GATE 2024 store in their racruftment prozess



7. Pre-Examination Activities

« Candiates must ragister and fill the application via ONLINE made ONLY 2t the GATE 2024 wehsite. Uploading
cortifcales/dacuments must also be done i the DNLINE mode only. Candidates should NOT-send printed
capise of thair application farms or documents to St er any of the zonal BATE offices

= The application feet miust be paid electronically (zradit card. dabit zard, NEFT. UPL o= ) If 2 candidate wishes
to appear for TWD tes! papars, the foas to be paid by the candidate will be TWICE of that mentioned for a
cingle papur

= Admit [arde for GATE 2024 woild be Jvaildble for downlozil on the GATE 2024 wohuite. Printed copizs of the
Adimit Card=s will nét be posted to the'candidales

« The candidzte sl appear at the GATE Examimation Centre on the date and tme specified i the Admit Card

» Haguasis for: chamge m the Centre or-Location or DalalMime spocified in' the Admit Card will not be
antortzingd.

« n 2l matters concerning GATE 2004 the docision’ af tha GATE 2074 Organismg Institute will be finsl and
bindmg on 3l the spplicants.

« For candidstes appearing for the Goology and Geophysics (G6) and Humandes and Social Soences (XH)
papers sgnarate score and ankmg will be provided based onthar salection of sections

« Bartinn-wise score and ranking will not be provided for the athor 1est papars:

7.1 Eligibility for GATE 2024 )
Bator= filing the apphiestion, candidates: must ensire that they meet the educationz! ebigitulity crtena of GATE
2024, A candidate who s currently studying m tha third or higher years of any undargraduate degree program
ar who has already completed any government approved degree program i Engineering/Technology!
Architacture!Science/CommercefArts/Humanities is eligible to 2ppear for GATE 2024

Tha iu!lﬂﬂhiq F*m,fnﬁsjnrul Sotieties oy Institulians mndu:tﬂ;rrﬁnmin?t's invarious fialds of engineanine

« The institution of Erginaers (indial (1E

« The institution of Civil Enginaers (ICE)

« The instituticn of Etl!!trﬂﬂil_;:- and Tﬁllsﬁnm}mliun Engine=rs [IETE]

« The Aerenautical Socioty of Indiz (A=S)

« The Indian Instilute of Themicl Engineers. including Palymer and Enviranmantal Group UICKE)

« The indian Instilute of Matals (M)

« The indizn Instituto of Industrial Enginger< (Bl

Candidstes who poszess cortification from zhy of the profosdional socisties must enoure that thoze
sx=minalions are approved by MoE/AICTESUBCIUPSE as equivalent 1o B E /B Toch /B Arch /8 Planning '

Candidates wheo are pursuing their gqualifying d=gree or obtained the degree from countries other than India
mibst be curremly in the third ar higher years or mus! have completzd thair Bachaler's degree (of duration‘al
lezét 3 years! in Enginearing/Technology/Scince [ Architeclurs/Humanitiss, Dstalls of eligibility criteriz are
given in Tzbhle'? Il 2 candidate is pursuing any higher degries or has already oblained 3 degree highsr than that
miehtioned m the Tabla 7. the e andidate will be zllowed ta appear-fir GATE 2074,

Candidates with B.Sc./B.A./B.Com_ degress desirous of seeking admission to Master’s programs m [15¢, [T
NiTz. and other OFTle miay rofer to JAM-2024 Exammation organized by Indian Institute of Technology Madraz.

ECTE Fak 5= Bougaiara "



Degrea/Program

B. Arch,

B.Sc. |Research)/B.S.

Pharm. D. lafter 10+2)

M. Sc/MA MM CA or
equivalant

int. M.E./M Tech. (Post-8.5c.}

Int. M.E./ M.Toch,/M.Pharm.
or Dual Degree (after
Diploma or 10+2)

B.5¢./B.A/B.Com.

Int. M.Sc.fint. B.5./M.5,
Profassional Socioty
Emunﬂm {equivalent to

B.E./B Tech./B.Arch )

B.Se. (Agriculture.
Horticulture, Forastry)

‘Bacholor's degres in Enginearing / Technolagy

‘Bachelor's dagree of Architecturs (5- yaar coursa)
TN zval Architecturs L&~ year coursslf

‘Dagres program in Engineering/Technalogy

ntegratad M Scoor S-sear mtegrated BS-ME

Table Z: Eligibility Criteria for GATE 2024,

Deoscripbion of Eligihle
Qualifying Degroe/Examinaticn 'gml‘ﬂ';m*" .
Currantly in the-3= year or

(& years after 10+2 or 3 years after B.Sc./ hegher or already complated

‘Diploma in Engineering/Technelogy)

Curranily in the 3= year of

Plining (8 yass tourse) higher or 2lready complaled

ssﬁaﬂm:lnfsuﬂqgt@'in Stionce IPntll—Ehplnm‘a? . Curranily i the 3= yosr or

-4 yoars after 10+2) higher oralready complated
, Curre mtby m the 3raj gn I Sen]

& years degres pragram, consisting of mternship & yaar or alraady

or residancy training, durning third year enwards comiplated

Dégras holdars of MBEBS /EOS/BVSe and Sthf s TH or higher

these wha are in the S &M/ 7* semester or semasler or already

highar mmua‘ﬂ m:;!': program mnpmed

‘Master's degresn any branch of AdsfScence/ Currently m the first vearor

‘MathematicsfStabistics/Computer Applicabons or | lugher or already

equivalent Completed

‘Post-8.5¢ Integrated Master’s degree programs E:‘:-E- il _'“-“"E"EWW 2

m Engmeering/Technology (4-year program) ! t:“d"”' =y

Curronily in the 3= JAn/
Hanyaar or already

Intearaind Master's degres program or Bual

[S-year programl mm;!gmd
‘Bachelor'd degres in 2ny branch of Sgienca [ Currznily in the 34 year or
‘Arte || Commeece {3-vear programl Already complated

Currently m the 37 yearor

Srogcam higher or slready
complated

8,E78 Tach /B Arch equivalant exsaminations of

hui-ﬁiwulﬁnm I‘Emrﬁl!dilrlllﬂﬁlﬁﬂ Cﬂm;rlﬂﬂi SEtm.Aur

AICTE fe.g. AMIE by Institutian of Enginesrs-India, eguivatent of such

:mlﬂihymalﬂﬁhhﬂenfﬁﬂlﬁmm_mdnﬁﬂd professional courses

=0 on)

Curranily m the 34 yaar

L-yaarproghtam aralready complated

‘Enrolments with professional bedies and institutions 25 par MHRD OM (No. 11-15/2011-AR (TS} with
permanent recagnition up to 319 May 2013, stand recogmsad  Fondly ses circular E-No. 13-5&6/PCI0EL-Mode/

AICTEZ2020, Dated 23rd November 2820 and Public Notics issued by AICTE for clarification,




B. List of GATE 2024 Test Papers

Tabla 3 shows the kst of tost papars and codes for GATE 2024 A cand:‘daj‘g._is allowad to appezr in OME or TWE
test papers. Howeser the combiration of iwno =pers must be chozen from tha Ust given m T2ble & For 2 paper
sanducted mmultiple sessons. 3 candidats will be mguired te apoear tor the eaaminstion in ane of the s=ssions

Fart-B1 lArchitectura]
Part-B2 (Planning]
=4TE £2& 115 Bangalorn

Pari-B1 (Surveying 3nd Mapping]

Fari-81 [Gesloay)

omily
Table 3: List of GATE 2024 tesi papers and their correspanding codes.
Test Paper Code Tast Paper Cods
Aerospace Epginearsmg AE  Geciogy and Geophysics = A
#gn:u!.tunl Engme-n-rlnq AR Imstremanistion Engmesrmg IN
Emmgﬁl-:ak Enmnﬂermug BM  Mechanical Esgimeanng ME
Biotachnalogy BT Mining Engineering MN
Civil Enginzaring CE Maetallurgical Enginearing MT
Chemizat Engineesing - CH  Navil Archilecture and Marme Enginesring  NM
Computer Sceace and information Technobogy LS  Petroleum Engmeastng =
Charmistry. B  Physics M
Uata Scionce sl Artificial Inlellgente B4  Production and Indusirial Enginesring #
Electronics and Commumication Enginesring: EC  Staushics 5T |
Elagtrical Enginsering EE  Textiile Engireoripg and Fibre Scionee T
Environmental Science & Eaginsening ES  Engmearing Sciences ||
Ecology and Tvblution EY Humanitizs & Social Soences XM
Eeamatics Enginesting GE®  Life Sciences AL
*XE Paper Sections Code *"XH Paper Seclions Code ***XL Papar Sections Cade
Erigl'imhl‘n'lgllhﬂ:inmh i tice A Hnamﬂng g and Comprehansion a1 ‘Chiernist 11- o
{Compulsery) |15 marks) 7 ICompulsary) (25 marks) . (75 markal
Any TWO optional Any ONE eptionz| Arvy TWO optianal

saclions |2x35= 70 marks) section {60 markal sections (2230 = 40 marks)
Fliid Machanics. B e €1 Suchemisiry a |
Mztenzis Science L ‘“English £2 Botany B
Solid Mechanics D Linguistics €3 Microbiology B |
Thermodynamics E  Philosophy EL Foology T
Englhuing F Paychology €5 Food Technology U |
Food Tachnology G Sociology L6
Atmaspheric and e '
Ooesne Sciences
AR Pa:pnr Sections EGE Paper Sactions 2846 Paper Sections
Partp [E_” e PariA (C eeiry) EFEEi-ﬂ'!E__ S



The syllabes for tha test papers = grven on Fages 31-128 of this Information: Brochure. Chocsing the
appropratoe test papar while: filing the GATE apolication = the responsimility of the candidate. Candidstes ars
gypected o appear m papers approprsto to the discipbine of ther guablifying degree. Howeves, candidatos are
ales froe to chooze any one or the allowed set of two paeers of SATE 2024 -3s pes thewr admission or
gmpioymesnt plan, while kesping m mind the ebgibility critenz led out by the institutions o which they would
like to seek-admission or smployment

It 2 candidate files multple applicatons for 2 test papar, only one of them will ke considered, and the others will
b rejected without any refund of application fea

8.1 GATE 2025 Two-last Paper Combinations

Candidstas opting to appear in TWO test papers must have 2 primary choice of paper and = secondary cherce of
paper: which can be chosen from the allowsd combinations given in Tabls & Certzin combinations listed in the
t=ble- may be remowed at 2 later date if thore 2re scheduling constrsints. in which case, the fee paid tow=rds the
sacand paper will be refunded to the candidates. If at 2 fater date. naw two-panar combinaticns are annauncad,
candidzies will be oiven an apporiunity 1o add 2 test paper subject to paymaent of the requisite fee. In view of
infrastructure and scheduling constraint=. the examination centre for candidate o anpear for the <econd paper
may be differant (but in the same oily) than that Tor the first paper. No respansibility ks assumed for any. legal
ohligaton: arising out of thig iszup

Table &: Allowed two-paper combinalions in GATE 2024

Codeofthe  Codes of Papers Allowed as  Code of the Codes of Papers Allowed as the
R N E e Bung P Secoridary Papec
AE TEMEXE BE AR.CE LS ESGE
AL CE GG GE
AR TE6E IN  BMECEEME
BM ETIN MA CS. DA PH. ST
87 BM XL ME  AE DA IN.NMPLXE
€E AE AG AR ES. GE NM.XE MT XE
cH BSPEXE NM  CEME
£5 DA EC GE MA PH ST pE CH
EY XE XL PH  (SOAECEEMAXE
oA 5 EC EE MA ME BH ST XE 2 ME XE
EC TS, DA EE. N PH ST CSDAMAXH
EE D& EC.IN, PH XE AE CE, (H, CY.DA ME MT, PH, 7|
& EoHeE st
EY b1l XL BT.CY,EY



9. Distribution of Marks
Total Marks Y00: Total Timea: 3 hoyrs?

Exch test mammT 5 for 2 tobal of 100 maris. 8l tost papsrs have 3 Goneral Aptiude (GAY saction for 15 marks
The remmning 65 marks cater to lhe subizol chosen by the candidate Table S shows the distribution of marks in
warious tost mpers of GATE 2024

Table 5 Distribulion of marks in various lest papers of GATE 2024,
Subject: Subject:

Compulsory Dplional
Section Section(s)

Total
Marks

General Aptitude

PaperCone (GA) Marks

AE A, BM, 8T CE.CH. CS.EC.EE ES.IN,

ME MN. MT. NM| PE. P TF. Subjectmarks m ,_ . _
thess papers includs quesbons on 15 B85 — 160
Engineenng Mathematics (13 marks), which

CYBAEY MA FLST 15 i = 100

AR Part A j= Common. and Compulsory. Par
B1/82 can be selected during the exam.

B1 ~ Architacture:

82-PManning

GE Part A 1= Commaon and Compulsory. Pari
“B1/87 can be salected during the exam
Bl -Sorveying and Mapping.

B2 - Image F"ﬁ:ute&ainu and Analysis

G6:Part A is Common:and Compulsary, Part

81/82 must ba chosen at the ime of N _

application. 15 5 &0 100
81 - Gaology

82 - Geophysics

XE: Section A |Emginsering Mathematics! s
Common and Compulsory. &pphcants rnust
soloct any TWO ofthe othor sactlions duritig
the exam.

*H: Section B1 |Ressoning and

Cunpr#mmni is Emmnﬂd

Compulsory, Applicants must sslect sny 15 5 &0 100
ONE of the athir zections 2t the timea of

aﬂuﬂmhum

15 40 % 100

15 55 30 100

15 15 2x35 100

KL= Section P {Chemistry) is Common and
Compuleery. Apphitants must select any 15 25 2x30 100

TWO of the other sectionsdurmg the axam.

*Pwil candidatas with benchmark disabiidy more than 40% are elipible for compensatory ime of one hogr. Pwll
candidates with loss than 40% disabiity and having difficulty m writing are etigible for compensatory ime

subject fo prodoction of a certificate as stated m Appendix-| of the guidslines 1ssued by the Mimsiry of Social
Justice and Empowsrment (F No. 20-6/2012-BE-Hl, dated 10th August 20775
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10. GATE 2024 Online Application

Tabla 1 gives 3 tentative list of the &sam cities (zone—wse! mwhich GATE 20124 exammination |5 schedulad to be
teld. A candidzle can choose three cities from thelist given in Table. 1, with the three choizes chosen from the
s3me GATE 2024 zome. f 3 candidate chooses a particular city (in a parficular zone) as the first chome, then the.
szcand and third choices of the city will also herestricted to the same zore o= the first. Bocmmss of operztional
consiraints, the GATE Organising Institule reserves the right to sdd 2 new city or remove an eaisting ene and
allot 2 ity that may nat be from any of the choices =lectod by the andidate

10.1 Application Process

Application for EATE 2024 rmurst be submitted online through GATE Online Applicalion Proceszcing Syslom
IBOAPS) accessible from the GATE 2024 website: by payina the preacribed application foe The phatagragh
signatyre. phote 10, and carfificalos such as SCIST/Pwd/Oyslekia wherewsr applicable. mus{ be uplosded
during the enline zpplicstion The zccopted photo identificztion cards 3re Asdhaae-UIE Aadhzar Virtual @
Gavernment issued |0, Passport. PAN card, Vister 1D card. and Drivirig Licerse_ Candidates must produce the
safme origital valid photo identificstion card during the sxaminstion for verification purposes, failing which the
candidate may not be allowad to appesr for Lhe examination '

10.2 GATE 2024 Application Fos

Betails of the applicabivn fes per candidate por paper are given in Table & Payments most be mado anlins by
using net banking/debit card/eredil eard/allet/UPL: Candidales 'sre adwised 1o :ensire that E-COM transaction
facility 1= onabled for ther credit/idelnt cards before proceeding with fes psyment The apptication fee is not
transfirabie: [t & not sefundable éxcept when a:certain two=papsr combinabon 1= removed by GATE H24
Orgamising [estriute: Thees are no mternational centres in GATE 2034 Forsion natonals ar indisn nationals
dustrogs of appearma for the sxam will have to travel to lodiz to sppear for the test:

Table &: Dotails of application fee per tast papar.

1 Regular Ferod | ‘Extandad Pariod
{August 30 to {September 30 1o
. Sgptember 25, 2023} (ctober 13, 2023)
Forale/SCIST/Pwil candidatos | 2900 1400
Al other l:andﬁhtes ml:hldlnu ' : '
foraign nationals i : =N

*Pwil stands for Persuns with Bunchmark Disability. Only those candidates with beschmark dissbility (greater
than 40%) are elimble for fes concession For benchmark disabilities, plesse consull hupsi//
Iﬂ@|ﬁﬁﬁr®w!ﬂm&ﬂﬁaﬂfiﬁ!ﬂﬁiﬁﬂﬁﬂiﬂgtE?_Lﬂlﬁﬂf and hihl:r.ﬂ.ﬂ-‘i@ﬁﬂﬁf&.ﬂh‘?ﬂf
unload/uploadiiles iles/ Corrippndum-08-02-19.pdf

The application fes does nat include <orvice chargoes, proce<sing fees, and any other charges that tha bapke
may levy. For twe papers the fea payable will bs twife that of 2 <ingle paper

10.3 GATE 2024 Websile

Tentatively, by the last waek of August 2023, GATE 2024 wabsile hitps://gated 024 ise ae inl will contsin the link

lo the GATE Online Agplication Precessing System (GOARS), which enables 3 candidats o

= Apply for the exzminstion

» Uplead pholegraph signatore phote [0, and estagory cortificale (SC/ST/Pwl) drd/or Deslowic cortificate. 3=
applicablis.

= Pap lhe applcaticn fee through the isted eletiromie paymond modes.

« Check the stafvs of the application form: Received. Under scrutiny,  Accepted, Delect status Status-after:
rentification, rajectod with valid reasons, afc

+ Download Admit Card,

« Wigw answors, imariis, and GATE score:

» Dawnload GATE Score Cards

ESTE i, = Eangaiony i




10,4 Regisiration

A candidate muost first regster by oroviding full namie, valid e-mal address. mobile number and by choosng &
password. Al communication will be sent o this 2-mail 2ddress and mebile number Only one registration par
omait address 15 allowsd. Mo changs inemail.or mobile nambar will be enteriamed at a jator stage.

10.5 Enrolment ID .
Each registration will be provided with 2 unigue Earolment |21 which will be commuomcated to the candidate by
e-mail. The Enretment 1D will ba needed for reference in future communicatien pertaining to the examinztion

10.6 Password _ )
The candidale must chanze 3 password duning enrciment and will be reeded o log m te the szount |l is
recommendid to chooss 3 pessword that cannot be guessed sasily Tha password must be kent confidential:

Aftar registration, GATE 2024 spplication must ke filled and submitted online only Candidates =v= diszouraged
from filing applications through 3 third party. If the applicatien is filled by 2 thind party, it &= the responsibility of
the candfidate o ensure that the dals submitted is correct.

The fallawing data will be ruquired while filling the enline spplication farm:

« Perzanal details {name af the candidate. dats of birth, mobils numbar, name and mobile number of parent or
guaridian, etc 1. The name of the candidate in the application form must be exartiy the same as that i the valid
phote {0 which the candidate must preduce in ariginal whils appearing for GATE 2024 examination at the
cantre. Candidales Sre advised 1o gnsure that the date of birth provided in the application form matches
exzclly with thal mantioned in the phata 10

« GATE 2024 scorecsrd will be issued 2= per the nams enterad in the applicstion form. Prefiies/litles sich a5°
MWr IShri/DriMrs./Smit/Prof.iCapt IMaj/LL/Col ele. mus! ol be used.

+ Bddrocs for communication including PIN code

= Eligibility degres details

» Colleas nameo and addross with PIN code

s Choee of GATE paperis)

s Chmece of CATE exammation citics

« Good quality image of the canoudate’s pholograph conforming to- ke spetications

« Good quatity Image of the:cantidate’s sirature conforming to the specifications

= Scanned copy of valid phota Identity Documeant (D)

« POF copy of Categery (SC/ST) certificats (i 2ppheabla)

« POF copy of PwD Cortificata (if pplicabla)

= POF copy of Dystexie Cerbificate (f applicahlel

= Mot-boniong/dabit cardferedit cand P fwallot details for foe payment

GATE 202& Application Processing System (GOAPS) allows the candidate to enter the data, save partially filled
form. logout and resume filling the farm by logging in again. The enline application process is salf-explanatory
an] yser-frmndly.

Hofom pn:lﬂe-ﬂinq te paymenl. the candidale s atvised to ﬁhnﬂ: tha ﬁi_l_Ed—iri_ appli=tion form for any evors
Once tha candidate clicks “Submit and Proceed 1o Payment” button, no chanaes can be made to the application
Bafore submilting the gnline anplication form. the candidate will be asked o read and accopt 2 declarstion that
the details furnished are correct and that Risification of data will atsdl appropriate consequences

10.7 ldentily Proof/Phala I}

Candidates must specify one of the fallowing valid pheto Identity Documents (IDis) during the enline application
process and enter the document pumber Aadhas—UID. Aadhaar Virtual 10, Government issued 10 Passpart
DAN Card. Veter |0 or Oriving License: On the day of the sxamination. the candidate mist brina the original 10
prooi logether with the GATE 2024 Admit Card. The photo ID must clearly show the name, photo, 1D number, and
date of hirth.

For intornational eandidatos appoaring al centree in‘india. ONLY a valid Pazsport/Covernment issued ID/Driving
Licanse will ba atcepted 34 the reécognisad identiheabion decument



10.8 PwD Candidaissand Scribo Belsted Gmdelines
GATE 2024 will follow the goverpment regulstiens with regard te PwD candidates: hitpsaf/
dizalitystairs govinl/uplosd/uplnadhilosilecs Gudeline=-29 08 2018 pdi and https:/idisabilitysitsirs govind
upload/uplaadiilesifiles/Corngendum-08-02-19,pdf

& Person with benchmark Dissbility (PwDi or 2. dyslenic candidata has theopltion of-avalling scribe assis=ne
durng the G8TE 2024 examimztion. The candidate mest exercise thos option at the timeof filing the zpplczhon

Pwl and Dyslewc candidates can sither arrange their own scniba ar request the GATE Organising Institute to
arrange for a panel of scrnibes The assistance that the scribe can rendar to the candidate 5 limited ta reading
the mstructions and tost paner dioplayed on the computer screen varbatim and in mouse-clicks, if the candidate
is not abls fo do so. The serbe shall nol trarsiste/intarpretfemphasize the Tost Paper conlents te the.
tandidzts

10.9 Scribos arranged by Candidates

The =cribe MUST NOT be a candidate fur 3 test papar in GATE 2024, According to the Government of fndia (Goll
guidelines in cases where the andidates have opled 10 bring thair scribe, the qualification of the scribe sheuld
be one stup below the qualification of the candidates taking the examination. IF PwDiDyslexic candidate have
apted for their own stmbe 'but thoy do not bring their own scribe. then it will nol be poszible te arranga 3 new
scriba Hanorarium will net be paid in the seribe arranoed by the PwliDyelexic candidate

10.10 Scribes arranged by the GATE Drganising Insiiluls

GATE scribes will b used for thode PwilDyslesic andidates wht havea privri opled for GATE scribids. The
guslification of the scribe Srranged by GATE will NOT be more than the mimimum eligibility criteria of GATE
However the qualihcation of ke smmibs must ba matricdlation (105 or above: If there Zre Y candidates whao
requirs scribie; a panol of (Y+1) seribas will be made available sl the axam eantre so thal every candidate can
have:an altermative scribo b8 choose for the service= A PwDiDysiexic (6r similar learning diszbility) will be
preserted with TWO seribios from this panel The: éandidate must choose one from thése lwo =tnbes
Candidates will NOT be pormutied o bemg their own scribe il they have atready apted for scribes fo e arranged
by EATE

10.11 Assistive Devices

Pwll candidates arecpermtted fo use assistve dovices such as Abscus, Braille slate: Wheslrhsr stc They may
arrange for the davices on therr own and brng them @ the sxaminsbion, BATE Orgamsing Inshtute cannat
provide any assistiva dovices: Candidates will ke given-an opbion ta wiew the cortent on tho computar scresnina
magnified font (zpproximatoly T.7%x.0or 15x), Pwll candidates: are encouraged to visit the Exam Centro 2 day
before the examination to familtanss themselves with the arrangements:

10.12 Componsatory Tims

Candidatas with 2 scribe can avail the compensatory time of one hour. As per GATE guidelines. Pwil/Dyslexc
(simitar learming disabillies] candidates with Scribes are sligible for a compansatory time of 80 minutes
Compsnsatory time of &0 minutes will be provided automatically which may be checked on the candidale's
cansyle

PwD candidates. with cartam benchmark diszbilities that Umit the spesd of wrifing. can reguest for
compensatery time during application. On-spo! roquests for compensatory time 21 the examination hall will net
be entertained. For compensatory time. please censult hites/ dizatnlityaffaiz govin/unload (upleadfilesifiles!
Euidelines-29_ 08 _2018.ndf. hites U/ disabilityafiairs gexin/uplozd/uploadfiles files/Carrigandum-18-02-19 pdf
and https i /disahilityaffairs. i loadfiloe Tiled Vikaeh3 20HdmarB 00 mdnlina S 70 10-B-22.

10.13 Supporting Decuments

« Cafegory (SCIST/OBCTEWS) Certificale

Candidates whe balong to SCIST calegory mist upload = valid docomantary proof 1fer svalling concession in
application fee). Certificates issued anly by the authorised offitials will be considarad valid (refer lo &ppendix A
fera list of Authoritics Empowered 1o lssus SCIST Cartificate) Merassary lansl actian will be mitiated for any
wrongdoing of misinlormation. The same documenl may be reguired to bs subrmitted tn the sdmilbrg mebtule
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which zlso:has the oous of verdyng the candidate’s SC/ST cerficato. OBC-NCE and EWS candidates ars not
raguired to submitfapkoss any category certificate while filimg theonline soptication form

* Person with Disability (PwD) Certificate

To avail tha anplication fes concession under the Parson with Disahility (Pwd) categery, the candidztes shauld
sttach = recently obiamed and valid PwD ceclificats 1ssu=d by the compstant zutharity, The same decumenl may
be requrad to besubmitted to the admitting metitute during admissjen

» Cortificate of Dyslexin _
To avail the sarvices of 2 scnibe. dyslexic candidates should attach 2 valid dyslewc certifieate 1ssued by any
stithorised Dyslexia Assaciztion (refer to Appendix A for Authorities Empowered to Issue Certificate of Dyslesial

GATE 2024 spplication reguires that zandidate’s phatograph and mignature files be uploaded onfine accarding lo
the following specifcahions

. Phnlmph Requiremants

= EATE 2024 Admit Card and Scora Card wnll contain the same photograph that you have submittad at the
timie of applizdtion

* Upload 2 good quality, colour phatograph of passport size (35 om width « &5 om height) with the face of
the czndidale covering AL-70% of the photagragh

* The background of the photograph must be while'and nal contain any othier objects or perions

* Tha photograph musl show the frontal face view looking directly into the caméra and must show the
forehead. ayes:nose. and chin, The face in tha photograph must not bie coverad with objects such as caps.
hats! sungiasees colournd glasses eic. Normal spoctaeles for wivion carrestion are allowed I the
eandidzta normally wears spoaciatles. 3 phetograph with glsre on tho glasses iz not accepizble: Il theplare
cannol be avorded: the spediacies must ba rommioved.

* Photograph £3a ba m JPEGIIPE formal with minimum: z=pect ratib of 0.68 and maximum 3epect ratio of
B:8%. Aftor croppmy the pholograph, the face must cover 68-70%of the im=ga:

= The maximum pixe! resolution s 230:x §90 prels and themimmum resolution 1= 200 = 240 pixels, The fils
size must bo mmmurnof = kBand 2 maximum of 1 ME,

* Tha face must b visihisclaary and nof covered by any cioth or shadow

= Photogrzphs not adharing to the specified criteriz could lead to repection of your GATE application, and the
zpplication fes will nol be rofunded

* Head povenngs are:not permitizd axcept for religioes reasans; but the fzcial features from battom of chup
to the top of forehead and bath edges of tha face must be clearly shown.

Table 7 shows samples of acceptable and unaccentable photegraphs.

« Signature Spoecifications

« Upload =n imene of your signsture in JPEG/ PG format of sie with an aspect ratic Iheght - widthiaf 1 R
whizz the value of R can be between 275 and 3.75. After zropping to the mentioned size, the area of the.
signature must coesr 70-80% of the image
The sianatyre of the candidale must be in biack or dark blue colourink enly
The file sire must be 2 minimum of 3 kB and maximurn of 1 ME
= The maximum picel resalution is 590 = 180 pixels and the minimun resalution s 250 »« 80 pixels
* The sianature must be signed anly by the applicant and not by any other person
I tho candidate’s signatura duee nol match with the signaturs 2t the time of the sxaminztion the applicsnl
could be dizqualified

Tahls B shows samplos of dignatures thal are accoptable ahd dnaccaptabls.



Tabls 7: Samples of acceptable and uneccepiable photographs:




Tablo 8: Samples of accepiable and unacceptable signatures.

Accoptable Signatunes

Al i v Alhvicc ke o

Unpcoaptahleé Signaturas

Signatura in other than biue or black ink Signature outside the bax

I I

Signalure smaller in size Smm:mindnu’qmmubu:
L\
= X |9 X
Signature in dark background Signature in typing

SANNANDHI 2%

Signature in CAPITAL letiers ‘Signature in initials

S o AeDHT. P8 Sh. X

Bafors submitting the GATE 2024 Application Form, the candidats must onsure that all the details and all the
necessary supporting documents are fillsd or uploaded An appheation once submitted cannot be changed or
edited.

10.14 Application Foo Pzyment Options

The GATE 2024 application portal directs candidates to the payment gateway. which provides options for fee
payment — Nt baniing/debit card/credit card/fwallet/UR. The fee amount and bank charges will be shown to
the candidale. and they will have to confirm and pay Once the payment is suecessful the candidate will be_
radirected to the GATE 2024 anplication portal. from whars the pdf copy of the submitted application farm can
b dowminaded.

IT the candidate has a difficulty due to paor internet connection or pewer Failure problems, for sxample and the
candidate s not cerian whether the paymant has besn processed ar not, thea the candidate shauld check the
status of framsaction from the bank account and atso login back to GATE 2024 applination porial after some time
and check the status of the payment



If the payment was recewed, thecandidate can contmae prmting the application: foom: ' If the payment 1= not
racaryed by GATE 202%; 3 lresh paymanl most be mitiafed. in case the fee smount has been debsted/deducicd
fram the kank zcceunt. but 2n acknowlodpement for fee paymest has not:keen raceived from GATE 2024, then
the money will be creditad back to the candidata’s zoeount within 15 day=.

In ca=s of muthre peyments made due to tachmical glitches, with respect to one appiication. the sxirs fee pand
will b2 roturned (credited) to the came bank account withim 15 days In case 3 payment confirmation has not
beon reeamved, the candidate 15 2dvised to initiate 2 new payment withoot waiting far the refund of the earlier
payment. to complete the application submission process within the deadline. Candidates are advised to apply
and complete the payment well ahead of the clesing date to aveid problems dus to lasi-minuie resh.

1015 Application Serutiny and Rectification

GAIE 2024 appliations will be szrulinimad for accursty of the dats. which include vesification against the.
upleaded supporting documents, clarity of the photegragh and sigrature. If sverything is found to be in arder.
the applicafion will be accopted Otherwise, the defecis will be marked and intimated to the candidate by email
ar SMS for reciificabon within 2 stipulated Sime frame. The siatus of an application will be updated after
scrutiny by the respeztive mnal GATE offices The status of the candidate's application can be checked anytime
by lagging into the EATE 2024 account. Candidates must promptly reciify dafects in thoir spplication within the
stipuiztad time. Candidales 3ra advisad (o legin to the Application Porial and cheek the siztus of thy dolects
from timz Lo hme

1016 Admit Card
Admil Cards can DNLY be downloaded from the GATE 2028 websits in the first weak of January 2024
Admil Cards will NOT e ==ni by pdsl or email

LCandidates must bring 2 printad copy of the Admil Card on A& paper to thetexafmnalion for verifiealien alomg
with a valid driginal photo Identity Document, sgetified during the filling up of the ealine application. The Admit
Card m valid if a0d gnly if the candidate’s photograph and signaturo aro cloar. Canddatos aro adviced lo prmt
the Admit Card on A& size paper usmg a laser printer. preferably m colour. GATE 2024 Admut Card and Crigmal
1t proof are essemial bor entry mio the sxammaton hall

Candidates are advised to reqularly check the CATE 2074 website for latestupdatos



11. GATE 2024 Examination Related Information

A virtual stienhific caleulator will be available on the computer strean. Calculators, mabile phones. Slus-lopth
devicos, slectronic/commumiration devices wallets, booke papers, Inese sheals dats or handbeoks, tables
pon/pencil bax/pouch. aralog/digital/ smart watthes zre sirictly prohibited in the exam halls and candidates
found in poszdasion of auch devices will be dizquaslified regardloss of whather they uze tham or nol, GATE 2024
Drgzni uln-g Instituts will not be responsible for s..a.fe—guatllﬁq the candidates’ parsdnal balongings.

& coribble pad will Fo provided to the eandidates Tor rough work The candidsio: must write tholr same 2nd
registration number on ke dcribble pad before using Il A eandidate can possess only one szribble gad 3| any
poirt of Umio. Before taking the socond scribble pad, the: first seribble pad MUST be réturmad 1o the invigilator.
The zénbblo pad in the cantidabe’s possession musl be returned to the invigilator-at the end of the sxaminzton,

Syllzbim for-the loch papers. grevious years GATE guestion papers and mock sxamimalion links togother wilh
thevirtual scentific calcotator will be accessibls through GATE 2024 wsbsite

Al tast papers of GATE 3028 will be ol three hours duration (fogr- hours m case af candidates availing
compansatory fimw), consisting of 6% guestions for:a tofal of 100 marks. Affer the sxammation duration has
alapsad; the sxsmimation will torminats zdomaticaliy

Candidstos will b2 permitted to occupy ther slictizd s=ats &40 minutes before: the:schadulsd start of the
exammation. Candidates ean login and start reading the mstroctions 20 pinuies bofore the start of cxaminzbon
A candidate will not be permitted to login after 30 minotes from the schaduled start of the examination
Candidates will NOT be permitted ta leave the examination hall bafore the scheduled end of the exammation



12. Details of GATE 2024 Test Papers

12.1 Types of Ouestions
GATE 2024 test papers contuin questions of three types: Multipls Choice Questions IMCOs): Multiple Salect
Questions IMSQs) and Numnorical Amswer Type (NAT)

Multiple Choice Duestions (MCQ) carry 1 or 2 marks sach. Each MCQ will have choize of four answers. out of
which ONLY ONE choice is correet, For 3 wrang answar chosen in 3 MCQ. there will be negative marking. For 3
1-mark MCQ. 1/3 mark will be deducted for 3 wrang answer, Likewize for 2-mark MCO, 2/3 mark will be
deducied for 2 wrong answer '

Multiple Selecl OQuesiions IMSO) ey 1 ar Z marke oach Each'MSO will have cheire of four answers out of
which ONE or MDRE than ONE choicsls) is / are correct. There i ND negstive marking for = wrong answer in
ME guostions. Howevar. hera ts NO Eﬂlﬁ;l{.mdit lor chaoding pariizlly eofract combinations of answers

Numaerical Answer Type (MAT) questions carmv 1 of 2 mzrks sath. For NAT guestions. the answar i< 2 signed
rzal numbier. which must be antersd by the candidale using |he wvirtual pumeric keypad on the maonitor
(heybesrd af the computar will be dizabled). No thoicos will ba chown for these typas of guostions The answer-
can be a number =uch 2% 10 or=104an integer anly). The answar may be in decimals 5= well for examplo 10.1

(one dacunal] or 10.00 (two decraaslsl ar=10.001 (three decwmals]. The sterm of tho NAT gueshon will indicaie the
number of detovmal placos thal musl be specihicd m Ythe anewer. Candwdates are adviced to round <ol anly at the
end of the calculation and not at infermpdiate stanes of the calomiation. Theso s RO negative rarking for =
wrong answar in NAT queshaons

12.2 Categories of Questions

The queshions in 3 test paper 2r= designed to-25=935:the following abilies:

= Recall: These questions:are:hased pn fzcls, principles. formatse or laws of the discipline: The candidate s
expacted to be able to obtan the answer-either from memory of the subject or 3t mest from a short
computation,

= Comprehension: These questions lost the candidate’s understanding of the basic cancepts =nd require the
candidzte to draw simple conclusions from fundamental ideas

« Application; These questions test the candidate’s applicability of knowledge either through computation or by
Isgical ressoning.

+ Analysis and Synthesis: In these questions, the candidale is prasented with datz. diagrams, images. st that
e=quire snalysis befors answering 3 question, A Synthesic guestion might reguirs the candidate to compare.
two ar mars pieces of information. Questions in this catzgony could, for example, invole the candidate boing
able o recognise unstated 2ssumptions, or separating useful information from irrelerant infarmation.

The questions may be 2 mix of 2 single standalone statement/phrase/data based questions, combination of

ophions, or malch the given ilems type.

12.3 Distribution of Marks and Quesiions
Evory tesi paper has £5 questions carmying = tolal of 100 marks. aut of which 10 questions carrying 3 total of 15
marks will k2 on Eensral Aptituda {GAL which iz intended to test typically language and analytical skille

In test papers AE AG BM. BT, CE. CH. C5. EC.£E. ES. GE. IN. ME. MN_ MT. NM. PE Pl znd TF. the Ganeral Aptitude
saction will earry 15 mizrks and 'the remaimng 85 marks aro dovoled to the sibject compotianl out of which
Engingering Mathemalics will carry 13 marka

EE has a comman and 3 compulzory section. namely, XE-A [Engmoering Mathamatics), which carries 15 marks:

In lectpandr= AR CY DA EY 6. MA PH. 5T %H and XL the Goneral Aptitude seclion carries 15 marks and the
romaziming B marks are devoted 10 the subject composent.



* Genoral Aptiude (GA) Quesbons
lo 2l test pspers; BA guestions: carry a tofal of 19 marks. The GA section moludes § nuestiens carryng | mark
each and 5 questions carrying 2 marks sach;

= Architecture and Planning (AR} Tas! Pzpar

Apart from the Gansral Aptitude (GA) section, the i2s| paper conssts of twa parts Part A (60 marks! and Bart 8
125 marks), Part A is compulsary for all the candidites Part B contamns two parts: Part B1 {Architectiore) and
Part B2 APlanmingl. Candjdates will have to attempt queshons inPart A and questions in either Part B1 ar Part
82 The choicz of Part BY or Pari B2 can ko made durmg the axaminaton

Bart A consists of 39 guestions carmyng 3 total of &I;I mazis 1B guestions camying. | mar-i each and 21
gusstions sarrying 2 marks each. Bart 81 (Architectura) and Bart B2 (Planning) comsist of 18 questions =ach
carrying a tatsl of 25 mark= 7 questions carrving T mark each and ¢ quastions carmymg 2 marks each

» Geamatics Enginearing {GE} Tes! Paper

Apart from the Guneral Aphituds IGA) section. the queshion paper consists of two parts: Part A (55 marks! and
Part B30 marksl Bart A — Engineening Mathematics and Basic Geomatics is compulsery for all the candidales.
Fairt Brontaine twa eamponent= Parf Bl (Survoying and Mapping) and Past B2 (image Processing and Analyele)
Candidstes will have to attempl questions in Part A and guestions in sither Part B1 er Bart BZ The cheice of
Fart B or Part B2 =n be made during the sxaminatian. '

Farl & vonsists of 34 gueslioss carrying 2 lokal of 85 marks: 17 questions carmying 1 mark gach and 19
guestons carmying 2 marhs each. Parl B [Surveying and Mappingl-and Part B? (Image Fi'uc'esairag and Analpsis)
conuis! of 19 questions each. carrying 3 lotsl of 30 marks 8 questishs carrying 1 mark esdch 'and 11 questions
carrying 2 marks each '

» Geology and Geophyaics (GG) Teat Paper

kpart from the General Apliluds (GA) sechan tha GG gueshion papér consiste df two parts: Part & 25 marks]
and Fart 8 (60 marks). Part A 15 compulsory for 3!l the candidates. Part B confams bwo componenats; Part 81
(Geotogy) and Part B2 (Geophysics). Candidates will have to:attempt guestions from Fart A and questons from
gither Part B1 or Part 82 The choice of Part B1 or Part B2 must be made 2! the time of filling the online
application lorm and cannot be made in the examination hall.

Part A consists of 14 guestions carrying:2 tatzl of 25 marks: 7 qeashons carrying 1 mark each =nd P questions
carrying 2 marks esch, Part B (Goology) and Part B2 (Geophysics) consists of 35 quesiions each, carrying 3
total of 40 marks: 18 questions carrying 1 mark each-and 21 questions carrying 2 marks ==ch,

» Engineoring Scizncas |XE) Test Papors
A candidate appearing in the XE paper must answer the following:
« Cenaral Aptitude (GA) zarmang 2 total of 15 marks
« Section A — Enginearing Mathematics (Compulsory): This section contains 11 gquastions carmying a totsl of
15 marks 7 questions carmying 1 mark esch, and & gquestions carrying 2 marks esch
= Any twa o XE Sections B through H: The choice of two sections from B lo H ¢can be made during the.
saamination aflar viewing the guestions. Only two ophicnal ss2tions cn be answersd at a ime. A candidate
wishing to change the optional sechion during the examinatien must first desslect one of the previousty
chosen optional sectinns (B thraugh HI, This step will clesr the answess. but there will be 3 messsge
waming_the candidate that the answers to the section belng desalested will he deleled Only after the
candidate confirme will the snewer= be doloted and the cection decalected Each of the aplisnal ections of
tho XE pager (Sections B through Hl contains 22 guestions c=rrying a toial of 35 marke ¥ questlons catrying
1 mark 2ach (sub-tntal ¢ marks) and 13 guestieng =armnng 2 marks gach (gub-tatzl 74 marks).

= Humanities and Social Scizncas (XH) Test Papars

A candidste appearing inthe XH paper must anower the following:
« General Aptitude {GA) carrying 2 total of 15 marks

i, =
-



= Saction B1 —Rsasoning and Comprehonsion [Compulsery); This section contains 14 questions carrying 2
totat of 25 marks: 7 geestions carryimg 1 mark aach {sub<$otz] T marks) and 9 queshons carrying 2 marks
szch (sub-total 18 marksl

« Any ona of ¥H Sections C1 to C& The choice of section from €1 to C& must be made at the time of filling
the enline application form, Candidates cannot request for 2 change of section during the examination.
Each of the aptional sections of the XH paper (Sections C1 through (&) contains 39 quastions carrying = total
of 60 marks 18 questions carrying 1 mark each and 21 questions carmying 2 marks sach A candidate
wishing to change the sptional section during the sxaminabion must first deselect one of the previously
chesen optional sections IC1 through C8) This step will cloar the answaors. but there will be 3 message
wamning the candidate that the answers to the section being deselected will be delated.

» Life Sciences (XL} Test Papors
A onifidate sppearing i the XL paper mUst answer the following

«» Genaral Aptitude (GA) zarmang 2 total of 15 marks

. Section P — Chamistry (Cempulsory): This section contains 17 questions carryng a total of 75 marks:

@ quesiions carrying. 1 mark ach (sub-total 9 marks) and 8 guestions Grrying 2 marks each (sub-total 16
rmarks)

« Any two ol XL Sections 0@ through U: Tha choice of tweo zections from O e U can ba mads during the
srzminzbon sfler vowihe the guestions, Only TWO splionzl sechions =20 be answerad 3l 2 bme. A candidate
wanting io change the aptionzl section musi Hrst dosalect one of the chasen oplional =ections 10 to U). Each
ol the optinnal sections of the XL paper Sections O throunk U) canlzins 19 questions carrying a okl of 30
marks. B quastions carrying 1 mark 2ath and 11 guestions earrying 2 marks each. & candidats wiching o
change the optiosal sechon during the ekamisdtion musi firsl desalecl one of the presmously chosen
optionzl sections {0 theough UL This step will clear the snswers) bul there will be 3 messaga warning the
candidate thal the Snswers o this seclion biging desslected will be daleied

Ousstion papars from previous GATE exams (2007 o 2023) can be downleadad from the Downleads ab of the
GATE 2024 waksis



13. Post-Examination Related Information

Aftor the GATE 2024 egminations conclude, the candidates’ responses will beavailable in ther GATE 2024
azeount for dewnload. The answer keys will also be displzved on the GATE 1024 website. Candidates may
sutmit thair contests wgainst the anmwer keys during the specified dates subject to paymant of a F2a. Onca the
evslustion is finalized, GATE 2024 resulls will ke asnounced, Qualified mndidates can download the Scors Card
from their GATE 2024 aczount. '

13.1 GATE Score

After evaluafing the answers. the actual (raw) marks chlained by 3 candidale will be considersd for computing
the GATE score For multi-ze<sion test papers. the raw marks abtained by the candidates in different sszsione
will b converted to normalised marks For that particulsr tes) paper. Thus, raw marks flor sipgle seeding
pipers) or normalized marks (for multi-zession test papers) will be used for computing the SATE score bazed
gn tha qu_:l.iﬁr:lrlﬁ m=rks

13.2 Calculation of Normalised Marks for Multi-Sassion Papers

In GAFE 2026, some lest papers may ' be conducted in multiple sesnions. For such papers. a suitable
normalization is applied to take ints 3ccourit any variation in tho difficulty levols of the question papdrs across
socsioni. The pormialization = done bBaced dn the aoctimphion thal it molh-=sssion BATE papers the
distribwition af abilitiey df eandidalas v the zame seross the se=sipns This sssuimiplion s reasonable sinea the
number of candidates apgeanng in mulli-session papers will be:large and the procedure for allocation of
candidates lo sessions 1= random, Eurther, the number of zandidztes allotted m esch session of the mufb--

SASSI0N DEPLT {5 comparanls

Based on these considerations the followmo formuls 1= used for csiculstma the normalised marks tor the
mit-sesson papsrs

The normalised marks of the ;™ candidate in the (' session. denoted by .ﬁﬁ are rampuled =&

—_

o M-
r.j_mjl_"H:u

(M — M)+ H,:

whare:

M s the actual marks obtained by the j* candidate it the |™ seqsisn,

M¥ is the avarage marks of the top 01% of the candidates considening all sessrons:

M} s the sum of meah and standard daviation marks of the ndidates in the paper considering all sessions,

H" 1% the:avarage marks af the top 0.1% of the candidatos in thed™ sossion: and

Mh. ts the sum of the mesn marks #nd standard desiztion marks of the i™ soesion.



1323 EﬂFuIIIinn of GATE Score for All Papsrs
The GATE 2024 score will be computed wsing the formula gwer balow.

GATE Store =8, + (3, — 8}

M'-—M‘
M

i
where:

M i=the marks obiamed by the candidate {actusl marks tor single session papers and normalised marks for
multisession papsrsl

M_ s the qualifying marks for the Sensral Category candidate wn the papar

M, i= tha mean of marks of top 0.1% or top 10 (whichever i4 larger} of the candidates who app=ared in'the paper
im case of multi-session papers including 2l sassions);

."F.|| = 350 is the score sesigned 1o Mq and
5= 900 is the s¢ore sssigrist to M,

in GATE 2024, the qualifyina marks M, far the genaral catenory candidate in each suinect will be 25 marks (ol
af 100} orw + . whichever, 5 larger. where g 15 ths meanand = is the standard devistion of pesdive marksof
ait thecandidates who sppearsd for the test paper.

13.4 GATE 2024 Results and Score Cards: _

FATE 2024 results:will boannounced on the GATE 2024 website. EATE Z024 Scors Cards will be svailabic for
downlead by the qualified candidates Hard copses of the scors card will not beasued, It 15 recommanided that
an eloetronic version of the Score Card be preserved by the candidates for future ece. After May 31,2025 and
until Becember-31. 20624, 3 fes ol T 500 [Rupses fiva hundred only) pertest paper per candidate will bo levied
for obtaiming the Score Card. From fanuary 12025 onward, Scors Cards will not ke ssued for GATE 2024
quzbfied candidatas:

13.5 Contact Information

Candidztas are as=igned 3 zZone 2t the time of application, based on the firat chace of the.exam gity. The zanal
GATE gffice contact dotals are available mn Table V. Any quenes regardmg the anplication, sxamination centre,
Admit Card; and results are handled by the respoctive GATE 2024 zonal mstitute in consuliation with the
Grganising. Institute. Candidates are encoursged to look up the freguently ssked guestions (FAOS! on the
website If 3 query is nol resolved even aftor going through the FAls, then they mzy cantact the zonal GATE
gifirs




Appendix A: Certificate Issuing Authorities

Authorities Empowered to Issue SC/ST Certificates

« District  Magistrate/Additionsl District Magistrate/Collestar/Deputy Collector/Deputy Commissionar /
Additional Deputy Commissiones/ 1 Class Stipendiary Manistrate/Gity Magistrate/Sub-Divisional Magistrate!
Taluk Magistrate/Eresulive Magisfrate/Eatrs Assist=nt Commissioner.

« Chief Presidency Magisirate/ Additronal Chief Presidancy Magistrate/Presidency Magistrate.

« Revenue Officer not belsw the rank of Tahsildar

+ Sub-Divisional Uificer of the ares where the Candidate and/or herihis family normally residas.

« Adminisirator/Secratary to Administrator) Developmoent Officer Lakshadween [slands) Certibicate issued by
ammhwuﬁﬁﬁlm[lﬂﬁfbﬂmiqpiei ' ' '

Porsen with Disallity (Pwi) Categery

In erdar 1o svail applicalion fee concecdinn under the Pwi calegery the candidates should sitach 2 recontly
obtained proper Pwi cartificate. which s raguired lo ' be submitied to the Sdmitting indtilute 3l the time of
admission Benehit would ba given Lo those who hawe banchmark disability e not less than 40% imigairmenl
iraspective of the type of diszhilily. The onus of verifying Pwl cortificate lias with the-admitling institute. The
GATE Committes i= NOT recponsibla for any incorract deelasration of the PwD status of candulatos

Authorifios Empowersd o Issus ‘Cortificate of Dysloxia®

A copy of tho certificata of Dyslexic condition should be uploaded 3t the time of anline registration to avail the

sarwnices al scnbe: Such = certificate can be:obtamed from any Bystess Sssooation Some of them aee listed

bolove:

« Dystexia Trustof Kotkata, Divya Jalan, Arunz Bhaskar 3. Dover Park. Kolkata - 700018

« Dyslexia Assocation of Andhra Pradesh (DAAP), 3-4-494/1. 1= Fleor. Macherls Gastrofogy Hospifal, Reddy
College Aoad. Barkatpura, Hydarabad Talangana SO00027

« Madras Dyslexiz-Association, 94 Park View, 1% Ftoor, & N, Chetty Read, T Nagar. Chennai—600017

» Maharashira Dyslexa Assocsation, 03, Amit Park Bldg. L J Road. Beonar. Mumba 400683,

« The Enfll‘ﬂlﬂﬂ Associstion of India, MZ-&7. The Canter Siage:-Mall Pot No 0. Bleck L -S=cior 18 NODA
231303

Pw( candidates may consult Unigue Disability /0 scheme. nf Ministre of, Sagial Justice and Empgwerment,
Governmant of India for more mformation,

ECTE Fak 5= Bougaiara ¢



Appendix B: Code of Conduct for GATE 2024 Examination

Candidztas appearing for GATE 2024 must stnictly cemply with the followmg code of condust

« Candidates appesring for GATE 2024 sxaminztion must crry Admit Card and origmal valid phato-identity
proaf tused 3t the time of registration) inside the exzmimmtion hail

« Seribblo pad will be prowided 1o the candidate for rough work in the sxamination hall by the invigiistor
Candifates must write their name and reqistration numbar on the scribble pad before they start using it The
candidats cn possess only ane scribble pad at any point of time. Before 1aking the next scribble pad. the
previous seribble pad must be returmed to the inwvigitator. Any scribble psd i the pos=ession of the candidate
must be returned 1o the invigilaters after the.end of the wamination.

« Cimying mobile phenos leven in the switched-of mode) watches of any form and caleylaters inside the
examination hail iz strictly prohibitod

« Camyng any slegtronlclcommunication devices, wallots, papers. lopee =heale ponlpopzil boxfpeaich =nd
printed or hand-writlan textusl materiale inside the examinatisn hall is siticily prohibilad

= Al mgans and modss of communication. verbal or otherwise among the candidsies inside the sxamination
kaill are stricily prhibited.

« W any of the prohibited scts or items listed sbove is detected duiring the ekamindtion. it will autormaticslly lead
to eancellation of candidature. Resultswill ot be-declared for such candidatos.

« The GATE Examincbion Bady comprming Organesmg Institute’ ahd Zondl mstiutes will not take any
respansibility regasdmg sdlety and decurly of mobila phonesfalectronic dowices/any kikd of valusbie=
E=ltnging to candidaton

« Capdidates must not tamper with the compater spd the related hardware provided m the sxamimaton halk
Candidates found tamporng the: cemmeers will hawe thar candidsturs capcelled summanly. In addibon,
apprapriate izoal sctivh may bs mitizted agamst such candidates

« Candidates found wsirg unfar means and nol complying with the code of condoct and sthics of GETE 2028 wiil
have ther candidature cancellsd regardless of whather they have bean allowed lo complete theizaxaminzation
ar not. Appropriate l=sal =ction may ke inthatad agamstall such esndidztes,



14. Syllabus of Test Papers



GA  General Aptitude

Verbal Aptiiudo
Basic English gramimar: tepses, articles: adjectives, prepositions, conjunctions, verb-noun agreament. and other
paris of speach Basic vocsbulary words. idioms. and phrases i context.

fizading and comprehension, Narrative sequencing.

Quantitative Aplitude

Data imterpratation: data graphs (har graphs pie charis and ether graphe representing datal, 2- and 3-
dimensiorml plots. maps. and Ebiles Numercsl computation amd astimation: ratios. percentzgos, powers,
exponanis and |logarithms, permuistions and combirations. and senes Mensuration: and geometry Elementary
statistics and probakulity,

Analylical Aptilude
Lagic: deduction and induction, Analogy, Numerica! relations and 'masuninq.

Spatizl Aptitude
Transformation of shapes: trapslation, rotation. scaling. mirroring, assambling. and groupifig papec folding
cuiting. and patierns in 2 and 3 dimensions.



AE  Aerospace Engineering

In each of the following subjecic. the topics have bedn divded inlo bwo categonies— Core Topics and Special
Topics. The corresponding sections of the gquestion paper will contain 90% of the questionson Core Topics and
the remaining 10% on Special Topics.

Section]: Engineering Mathematics

CoreTopits
Lingar Algebra: Vector slgebra, Matrix aloebra. systems of linear equations: rank of 3 matriL eigen values and
gigen vectors

Catculus Fonctions of single vansbie. limits, continuity and differentiabiity, mean value thesram. chain rule.
partial derivatives. maxima and minima, gradient. divergence apd curl direciional derivahives. Integration, Lire,
surizce and volume integrale Thegrems of Stokes, Gawss and Breen.

Differential Equations: First arder linear and nonlinear diffsrential equations, higher ordar Linear 0OEs with
constant coefficwents, Partial differential eguations and separstion of varmables methads

Crocial Toplcs
Fourier Sarjes, Laploce Transforms, Hun{eﬁcﬁ miethods for finesr and nonlinear 2lgebraic equstions, Numerical
ntegration and differentiation. Complex analysis, Probabidity 2nd stetistics,

Section 2 Flight Mechanics

Cara Tepies [Basics)

Atmaosphere: Propertics, standard atmosphere  Classification of aircraft Awplane Uhixed wing =ircrafi)
:unﬁ@mﬁun il vanous pariz Pressure altitude, equivalant. eslibrated, indicsted air speeds: Primary ﬂlgh-‘l
instruments: Altimeter, ASI, V5! Turm-bank indicator Angle of attack, sideslip; Poll pitch & yaw cantrols
dsrodynamic forces and moments.

furplane performance: Brao pelar; take—off and landing: steady climb and descent. absolute and service ceiling,
range and endurance. load factar. urming flight. V-n diagram, Winds: hesd. 1ail and crass winds

Static skatility: Sahility and control dervatives: longitudinal stick fixed and freestzbility; horontal tail position
and size: direchonal stability, verbeal il posihion and: =izi; (3teral stabidity, Wmg dibedral, sweep & posifion:
hinge mamenizs, slick larzes

Spociol Topics
Dynamic stabibity: Eules angles: Eguations of motion. Decoupling of longitudmal and lateral-directional
dynamics: longiudinal modes. |atoral-directional modes.

Section 3I; Sp=ce Dynamics

Cora Topits
Cantral force metion, determination of traciory and orbital pericd in simple cases. Kepler's laws. estape
velocity:

Spocial Topies: Nane



Sochion &; Asrodynamics

Core Topics
Basic Fluid Machanics: Conservation laws: Mass. momentum and energy (Integral 2nd differentmal formd,
fhimensjonal analysis and dynamic simitarity,

Potential flow theory: sburces. sinks. doublets. ling vortax and their superposition, Elemantary ideas of vistous
flows including boundary lzyers.

Airfoils and wings: Airfoll Romenclzture; Asrodynamic coefficionts: [fl. drag and morment Kutba—Jloukoswhi
thegram, Thin airfail theory, Hufiz condition, starfing wartex Finfle wing theary: Induced drag. Prandtl bifting line
thesty, Critical and dr=g diveroence Mach number.

Compressible Flows: Basie concepts of compressibility, One-dimensional compressible Mows. Isentropic Hows,
Fanno flow, Haylogh low. Normal and obligue shocks Prandti-Mevyer flow: Flow through nozzles and diffuters.

Special Topivs
Wind Tonnel Testing: Measurement and visushzation techmgues. Shock - boundary layer mterachon,

Soction 5 Struclures

Core Topis

Strength of Matenals Stress and stram: Three-dimensional transformations; Mohr's circle, principal stressas,
Three-dimensional Hooke's law. Plane stress and strain. Faflure theares: Maxnimum stress, Trescz von Mises.
Steami onergy. Casfigligne's princmples. Stabeally detsrmnnate’ and indetorminate frussss and boams. Elsstic
Hexural huckling of columns

Flight vehicle stroctures: Characteristics of ameraft structures and materials. Torsion bending and shear of
thin—wallad sactions: boads on @aincraft

Structuyral Dynamics: Free and forced vibrations of undamped and damped SDOF systems Free vibrations of
und=mped E—BEF systems

Sporizi Topr's
Yibration of beams. Thoory of ela<ticty: Eguilibrium and compatibility equabons. Ary's sirass funchion.

Section & Propulsion

LCors Topics
Basics: Thermodynamics, boundary layers, heat transler, combustion:and thermo chemisiry.

Lormthermodynamics of aircralt engines: Thrust, efficiency, range. Braylon cycle

Engme performance: Bamet. turbojet, turbofan, turboprop and turboshaft engimes. After-burners.

Turbamachinery: &xial compressors: Angular momentum, wark 2nd compressien. charactenstic performance
af 2 single-axiat compressor stage. #fficency of the compressor and degree of reaction. multi-staging.

Centrifugal compressor: Stage dynamics, inducer, impallar znd diffusar,

Axial turhine=Stage porformance,
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Rocheds: Theest equation and specific impulss. rocket performance. Multi-staging. Chemical rockois.
Darfarmance of ol 3nf liguid propallznt reckets,

Spacial Topics
forathermodynamics of mon-rotatmg prepulsion componsents sech g5 intakes. combustor and nozzle: Turbme
blade coling. Compressar-turbing matching Surges and stall



Soctien 1: Engineering Mathematics

Lirear Algobrz Matrices and delerminantis lingar and orihogonal transformiations. Ciley Hamilion (heorom,
- Bgen values and Bigen vectors, solutions of linear equations.

Calculus Limil. continuity and differantishility. pariisl derivatives: homogenaous function — Euler’s thaorem an
homogeneous funclions, fotal differentiation. maxima and minima of funchion with severs| independent
varizbles sequences and senes — infimite sories, tests for convirgence: Founer. Taylor =nd Maclaurm savies

Vappor Calewlie: Vertor differopiiztion, scalar and veclor point funcliens, vector differantial operators — del
_gradient: diveroence and curl physical interpretations-line. surface and valume integrals, Stokes. Gauss and
Green's theorams.

Differential Fqualions Linear-and non-linear first order Ordinary Bifferential Equations (DDE). hemagensous
differential eguations, higher order linear 0DEs with constant reefficients: Laplzre transforms and their
imvarse; Partizl Differontial Eguations— Laplacs, heat and wave equations

Frobability and Statistics: Mean, madian, mode and standard deviation; randem varizbles, Poissan, normal and
binomial distributions: correlation and regression analys:s.

Numerizzl Mathods Solutions ef linear and nen-lingar algebraic equations: numernical integration - repezoidal
and Simpson's rule; numerizal salutions of ODEs.

Sechion 2: Farm Machinory

Mochine Design [I-i?ﬂ]gn and selection of machine elembnts - gears, pulleys. chains-and sprockets and beits,
overload safety devices used in farm machinery, messuremant of force, siress. lorque. spuad displacamant znd
accelerstion on machine elements - shefts, couplings, keys. bearngs and knuckle jomis.

Farm Machinary Soil tillage. forces acting on 3 tillsge ool hitch system= and hilching of tillage implaments;
functional requirements, principles of working, consinection and eperation of mamual, ammal and power
operated eguipment far tillage. sowina. planting, fertilizer application, inter-cultivation, spraying. mawing, chaff
cutting, harvesting-and threshing calculation-of performance parametors - field capacity, sfficiency. apphcation
rale and losses; cost 2nalysic of implemente and racilors.

Soction 3: Farm Power

Sources of Powsr Sources of power on the -farm — buman, animal, mechanical. electrizal wind, selar and
bramass) o-fueis.

Farm Power: Thermodyramic principles of LL. engines; LT sngme cycles; engine components; fuels and
combustion] lubrcants and iker properties; |.C. engime systems = fusl, coolng, lubrnication. ignstion, electrical.
intakz and exnoust =clechion, ocpersbion. ‘mainténance and repair of 1L onbings: powdr officiencies and
messurement; calculation of power, torque, tuel consumption, heal load and power losses; performance ipdey.
cost anzlysis of implements =nd tractors

Trattors and Powdr tillers: Type, selechion, maintenance and regair of Faciors and power tillars, tracier
clutches and brakes, power transmission systems — gear trains, differential final drives and power take-off:
mechames of tractor chgssis: traction theory: three pomt hitches - free link and restrained link operzhaons:
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stearimg and hydrautic confrob systems used m ractors; tractor tests and performance; uman ebmnesnng and
cafely considerations in design of Facter aa'rtl-agril.'i.llh.E'aL implements.

Sechion &: Soil and Water Conservalion Engineermg

Find Mechanics: Id=al and real fluids, properties of Huids: hydrestatic pressure and its measurement; eontinuity
sguation, kmematics and dynamics of flow, Bemooill’s theorem, laminar and turboient flow in pipes. Blarcy-
Weistach and Hazew-Williams egustions. Moody's diagram, flow through orifices. weirs and notches; flow in
open channels. dimensional analysis — concepts of gzomalric dimensionless nimbers.

Soil Mechames: Enmnsanng properties of oils: fundamentsl defimbons and relstiorships: mdex propecties of
soils permeability and seepage analysis; shear strength, Mohr's cirele of stresz active and pasawe earth
pressures, stabifity of slopas, Terzaghi's one dimensional soil consnlidation theory.

Hydrolohy, Hydrological cycle and measurement of s components, moteorologicel parameters and thair
mgi'.mménl: analysis of pregipitation data: runoff estimation; hydrograph analysis. snit hydrograph theary
anid application; stream flow measurament: fleod routing. hydrologics] reservoir and channel routing. Infittration
—indices 2nd squations, drought 2nd its classification.

Surveying and Laesling, Mga_:w.uiwrr—.nnl of distance =nd area. instruments for survaying =nd lsvelling: chain
suryeymg. melthods of traversing; measuremont of -angles and bearmgs. plene table surveying: types of
levelling: the odolits traversing: contoanng; total siation. introduchon to GPS survey, computation of areas and
volime.

Sntl and Water Erosron; Machames of soill erosion — wind and water erosion: so)l sreson types, factors affscting
wromon soil loss estimation: biologrcal and engimeorng measurss bo control ercmom, terrdces and bunds:
vegelative waterways: gully control structures. drop drop inlet and chute spillway= earthen dams

Watershed Mansgoment Watershed characternzation and land use capability classficabon: water budgetng in
watershed, rainwater harvasting. check dams and farm ponids.

Section & Irrigation and Drainage Enginesring

Soil-WaterPlanl Ralztonship. Water requirement. of crops consumplive use and evapolranspiration,
measurement of infitbrztion. soil moisture =nd irrigation water infiltration.

Irrigation Water Conveyance and Application Methods. Design of irrigation channals and underground pipelines,
irmgation scheduling. surface. sprinkler and micro irrpation methods. desion and evaluation of irmigation
methods: rrrigation efficiencies.

Agricultural Drainage: Orajnage coefficient. planning. desion and layout of surface and sub-surface drainage
systems, leaching reguiremant and slimity control, irrigstion and drainage water guality_and relisz; non-
conventicnal drainags system

Groundwater Hydrology. Groundwater occurrence, Darcy's Law, steady and unsteady flow in canfined and
unconfmed aguifers, groundwater exploration fechmgues, overview of groundwater recharge estimation and
artihcial rechame technigues:

Wells and Pumps: Types of wells. steady flow through wells design and canstruction of w=ter wells,
clzszification of pumps: pump charactoristics; pump selechon and insizilztion,



Seciion & Agnculiural Process Engineering

Engmmeenng properiies of agriculiure prodece Physiczl thermal fnictional rheological and electnical
proparties.

Evaporation and Drying  Concentration znd drying of liquid foods — svaporatars. tray, drum and spray dryers,
bydrothermal treatmanis; drymag and milling of coreals. pulses and oilzesds; drying kineties; psychromstry —
properies of air-water vapor midure.

Sizo Bedughion and Matenal Handimg Mechanics and snergy remurement m swe reduction of agnculture
prodoce; particle size analysis lor comminuted salids; size separabion by scresning: thadization of granular
nlids-preumabc, bucket screw and Bell conveyino. cleanwig and gradmg effectivensss of separahon:
contrifugal separation of solids. liq_l_J_in"_: and gases homogenization. filiration and membrane separation

Processma of Agrcillure Produce: Procéssing of sseds. spices fruiie and. vegelables: value addition of
agriculbire produce.

Storage: Systems: Controlled and modified stmosphere sforage; penshable feod storage. godowns, s and
grain silos. packaging material and machines.

Soction 7: Dairy and Foed Enginesring

Heat =nd Mas<s Tranofor Stoady stale heat transfer in conduction, copvection and radiation, rangient heat
transfor in simple geomelry: working principles of heat sxchangers. diffusive =nd convective mass transier
simultancgus heat and mass transfer in aaricultural processing operations: matanal and energy balances m
food processing systems; water activity, sarption and desorphan isotherms.

Breszrvation of Food: hinet'ﬁ.i of microbial dezth — pasteurization and sterilization of milk and other liguid
foeds; presarvation of feed by cooding and frocsmng: refnigarstion and cold storage basics and applications



AR  Architecture and Planning

Part A: Commaon

Section 1: Architecturs, Planning and Design

Architactural Graphics: Visual compositon in 20 and 30 Computer application in Archidtecture and Planning;
Anthrepametrics: Drganizstion of space: Circulztion- horizontal and vertical: Space Siandards. Universal design.
Building byalaws: Codes and stand=rds

Seclion 2 Construction and Managemenl

Project management technigues e.g. PERT, CPM atc,; Estimation and Specification; Professional practice =nd
ethics; Form and Structure; Prnciples and dosign of disastor resistant structures; Temporary structures for
ranabilitation

Section 3: Enmvironmentzl Planning and Design

Matural and man-made ecasystem; Ecological prncipies; Environmantat considerztions in Flanning and design:
Environmantal pollutfon- typos, causes, controis and abatemaont strategies: Sustainable dovelopmant. goalz and
sirategies, Climate change and built environmént: Climate responsive design.

Soction & Urban Design, landscaps and Consorvation
Historical 2nd modam examnles of wrban design: Elements'of whan built environment — urban form, spaces,

structure; pattern, fabric. texturs, gram eoto; Concepls and theonses of urbzn design; Principles, tools and
techniques of urban desion. Public spaces, characier. spatial qualitios and Sense of Place; Urban design
intervenbons for sustamable development and transportation; Development controle — FAR donsities and
bullding byalaws; Urbkan renewal and conservation; herftage conservation; historical public spaces end gardens:
| sndscape dosigne Site'olanninag.

Seciion 5: Planning process

Salient concepls. thearies and principles of urban planning: concents of cities - Eco-City. Smart City; Concepts
and theories by brondsoling planners  ond desigrers: Ekistics: Urban sociology, Social Economic and
gnvironmental cost benefit analysis; Methods of non-spabial and spatal data analysis; ﬂe'u'gl_nprnnnt gindalines
such as URDPH.

Sechion & Housing

Housng typologies: Concents, principles and examples of neighbourhood. Residential densities; Affordable
Hausing; Peal esizlo valualion.

Section T: Services and Infrastructure

Fiie fighting Systems: Building Safoty and Seturty systoms] Building Management Systoms: Water trestment
Water supply and distribution system. Water harvesting systems: Principles. Planning and Design of storm
wiater drainags system Sewags  dispozal melthods: Methods of solid wasle mansgament - collection
transpartation and disposal; Recycling and Reuse of solid waste: Land-use — transportation - wrban form intor-

raigtionships; Design of roads, mfersechons, grade separstors and parkmo areas, Hwerarchy of roads and (ousl
of service; Para-transits and olhermodes of transportabion, Pedesirian and stow moving tr=ffic planmng.



Part B1: Architecture

Sechion B1.1: History and Contemporary Archilecture

Principles of Art and Architecture; World Hisiory of Architeciure Egyptian, Greoc-Roman classics| periad.
Bizantine Galhic, Renals=ance. Baroque-Rococo, etc . Recon! trends in Contemparary Architecture Al nouvesil
Art Doco_ Eclocticism; International styles Post Modernism. Doconstruction in architectore, ate  infisenco: of
Modern art and ﬂesfgn in Architsciurs: Indizn vernacular and traditional rchitecture. Onentzl Architecture;
Worksof renowned national and internabonal architacis.

Soction B1.2: Building Construction and Structural systems

Building construction technigues, methods and detafls; Building systems and prefabricabon of ‘building
glemants. Principles® of Modular Coordination Construction planning and equipment. Building material
characteristics and applications, Principles of sirength of materials;, Alternative building matenals.
Fuuni:lj:nnﬁ'[lesi_gn of structursl elements with differant matorials; Elastic znd Limit Stats desion. Structursl
systams: Principles of Pre-stressing: High Biss and Long Span structures. gravity-and lateral lead resisting
Iystoms

Section 81.3: Burlding Services and Sustaimability

Solar architeciure; Thesmal, visual and scousbic comfort m bmlt eswronments; Matural and Mechamcal
venlilation in’ buildings Air-Conditiohing svstoms; Sustainsble building strategies: Building Performante
Simulation and Evaluation. Intelligent Building= Waler zupply. Sawerage and drainage sysisms, Sanitsry
fittings and fixtures, Plumbing systems: Principles of internal and extornal drainags system; Principles of
electrification of bulldings; Elevators and Escalators - standards and uses.

Part B2: Planning

Section H2.1: Regionz| and Seitlement Planning

Begional delinzation; settlement hiersrchy; Types and hierarchy of plans; Vanous schemes and programs. of
centrat governmant: Transit Oriented Development (TOD), SEZ. SRZ otc,; Public Barception and user behaviour:
Mational Hogsing Policies, Programs and Schemes; Slums.-Squstters-and jnformal housing: Standards for
housing and community Fagilibies; Housing for special areas and needs.

“Seclion B2.2: Planning Technigues and Managemanl

Application of 615 and Bemote Sensing techniques in urban and regional plannina: Tools and technigues of
Surveys — Phiysical Topegraphical Land use and Sociv-economic Survieys, Urben Economics. Law of demand
and supply of land and ds use m planming Graphic presenteiion of spaizl dats; Locat s=lf-governance.
Panchayahra) mstiufions: Planning Legisistion and implementation — Land Acquisbion Act PPP etc: Decision
support system and Lamd Information System: Urban qan-gm-phr and ‘econometrics; Managemend of
Infrastraclure Projects, Bemography and equity m planning

Sechon B2.3: Infrastructure Planning

Process and Principles of Transporfation Planning snd Traffic Enginesring, Read capacity and Travel demand
torzcasting: Trafhic survey metheds, Traffic flow Analysis; Traffic anzlyses and desian considarations; Traffic =nd
transpart management and conirel m urban zreas; Mass franeporizbion planning: Intelligent Transportation
Systems: Urban and Rural Infrastructure System Networi



BM Biomedical Engineering

Enginsering Mathamalics
Lmear Algabra: Mabrix algebra, systems of lnoar equabons, Eigenvalues end Eigenveciors.

Caleuli= Mean valus thesrems, thearema of integral caloulus. partial derraativas, maxima and minima. multiple
intenrals “Foumer seres. veclor idontites, ine surface and volume inlegrals. Sioles. Gauss =nd Grean's
thearems

Diifeezntial squations: First arder linezr =nd nonlinear differsntial enuations. higher order lingar diffcrentizl
equations with constant coefficients, mathod of soparshion of vanables, Cauchy’s and Euler’s eguations, mitial
and boundary vaiue probiems. and solution of partial differsntial equstions

Analysis of complex varables Analytic funciions, Cauchy’s integral thearem and integra! fermula. Taylor's and
Laurent's:series, residye theoram,

Erobability and Stalistics: Sampling theorams. conditioral probability,. mesn, median. mode and standard
deviation, random variables. dizcrete and continuous distnibutions: normal, Poisson and binomiz| distributions.
Tesis of Sinificance, statishcal powsr analysis and sample s=e estimation, Lmear Regresswon and correlation
amalysis;

Numericsl Methods: Matrie imversion. numencsl solutions of nonlinear algebraic equations. kerative methods
for =alving differential equations numencal intearation

Elsctrical Crrcuits

Voltags and currsnt sosurces— independent. dependent, ideal and practical; e-1 relatisnships of resistor; mducter
and capacitor; transiant anzlysis-of BLC circuits with de excitation! KirchoM's laws. superpositicn, THevenin,
Narfon. masimum powee transfer and reciprocity theoscems, Poak, aversge and rms walues of ac guantities.
apparent. active and rzactive powers, phasor analysis, ii'npc-dann =nd admittance, sevies =nd parallsl
resgnance, realization of basic filters with R, L and € elements, Bods plot

Signals and Syslems

Cantinuous and Discrete Swenal and Systems - Parjodic. 2 perodic and impulse signals; Samplmg theorem:
L aplace and Fourer transforms; impulse response:ol systems: transfer funchon. frequency response of first
and socond order linear time inwarian! systems, convolubion, cerrelation. iscrate time systems = impulse
responze frequency responsa, OFE Z - iransiorm: basics of HR and Tl filter

Analog and Digital Electromcs

Basic characieristics amd applications of dioda, BT and MOSFET; Characleristics and applications of
operational amplifiers - difference amplifier. adder. subfractor. integrator, differentiator, instrumentation
amplifier. buffer, filters and wawveform generators. Number systoms, Boolean algebra; combmational logic
circuits - arithmetc circuits, cemparsterss. Schmitt ‘trioger, encodar/deceder, MUNEEMUN mulb-vibraters:
Sequential circuit=— [Stches and flip Nlops. state diagrams, shift registers and counters: Prnoiples of ADC and
DAC: Microprocessor- architecture, interfacing memary and input- output devices

Measurements and Control Sysiems:

51 units, systematic and random ermors in measurement. exprassion of unceriainty - acguracy and precision
index. propagation of errors PMME, M| and dynamometer type instrumenis: ' OC polantiometar; hridges for
mezsurvment of B, Land €. 0-meler. Basics of cantral system - transfer function.



Sensors and Buomnstrumentation

Sensais - rosislive, capacitiva, induttive. piezsdlectric. Hall effech slectro chemical oplicall Sersor signal
conditioning circuits, application of LASER in sensing. and therapy Origin of hic polentials and their
measuromant technigues - ECG. EEG, EMG. ERG. EOG. GSR. PLG. Principles of measuring blood pressure. body
temperziure, volume and flow m arteries, vains and ’EiE.SLIE".-i. resmiratony l'I'lEBﬁl-IrEIT‘IE_.'I'l!'_"i and eardizc output
messuremenl Operatng principle of medical equpmentsphygmomanometer, ventilator. cardiac pacemaker
defibrillator pulse eximeter hemodialyzer Electrical Isalation (optical and electricall znd Safely of ‘Biormedical
Instruments.

Human Anatomy and Physiology
Basivs of call, typas of tissues and organ syslems: Homeostagis Bas=icz of aman systems - miusculoskalatal
respiratery, circulatory, excretory, endocring, nervous, gastro-intestinal 2nd repreductive.

Medical Imaging Syslems

' E_asii: physics. Instrumantation and image formation technigues in medical imaging medalities such a5 ¥-Ray.
Computed Tomography. Single Photon Emession Computed Tomography, Pesitron Emission Tomography.
Magnetic Resenancs Imzgng, Ultrasound.

Biomochanics

Kinematics of muscles and joints - free-body diagrams and equilibrium, forces and stresses in joints,
bmmechanical analysis of jemts, Bait analysis; Hard Tissoes - Defintion af Stress and-Strain, Beformation
Mechames. structure and mecharcal propertios of bone = corfical and cancellous bonest Safl Tiszoes =
Structure. functione material properties. visco slastic properbies. Maxwell & Vaight medeis: Biofluid mechanics
- Flow properti=s of blsad in the intact himan cardiovastular system

Biomatarials
“Basic properties of bicmatarials - Matallic. Ceramic. Palymeric and Composite: Fundamental characteristics of
implants - biocompatibility. bioactoaty. biedegradability. Basics of drug delvery; Basics of tissue engineermg.
-Biomateral characterization technigises - Rheology, Atomic Ferce Microscopy, Electron Microscopy.
Transmas=son Electron Microscopy Fourer Transform Infrared Spectroscopy.



BT  Biotechnology

Soction 1; Engineenng Mathematics
Lingar Algebra Makrices amd doterminants; Systems of linear equations: Eigen valuss and Eigen voctors,

Caleuius Lymits, continuity and differantishifity; Partial dertvatives. maxima and mumima; Sequences and senes;
Teszt forconvergentce.

Diferenptial Eouztions: Limear and nonlinear first order 0DEs; hghar order O0Es with constant coefficients:
Cauchy's and Evlers aguahons: Laplzce {ranchorms.

Probabulity =nd Siatistics; Mean, median, moda and standard deviation; Bandom variables; Peisson, normat and
inomial distnoutbions; Correlation and regression analysis:

Mumernical Methods: Salotion of linear and nonlmear algebraic equeations; Integration by trapezoidzl and
Simpsan's rele; Single step methed for diffzrentizl equations

Section Z: General Biology

Hiochemustry. Biomolecules - structure and function; Biologicat membranes - structure, membrans channels
and pumps, molecular mators. action peotenstial and transport processes, Badic concepts and reqgulation of
metabelism of carbohydrates, bpids amino acids and nucleic acids; Photosynthesis. resmiration and electron
transport chain, Enzymes - Classificsbion, catalytic and regulatory strstogies: Enzyme kinetios - Michzalis-
Menten equation; Enzyma inhibition - compabitive; non-competifive and uncempetitive inhibition,

Micrabiolagy: Baclerial classification and diversily, Microbial Ecolday - microbes in marine. fresh water anid
terresing] ecesyslems. Micrabizl interaciions, Vinuses - strucfure and classfication: Methods in microbiology:
Microbial growth and nutrition; Nitrogen fixation; Mi‘l:mhi’;l[..ﬂ.iﬁ-!;lﬂs and hast-pathogen mlerzctions, Antibjolics
and antimicrobiz!l resistance,

Immunolegy: Innate and adaptive immunity, humoral and esll medizted immunity; Antibody strudure and
function; Molecular basis of antibody diversity. 7 cell and B cell develepment: Antinen-antibody reaction.
Complement. Brimary and secopdary lymphoid nrgéﬂx I-l_;rj—nr”iuﬁlﬁi:nmggtiﬁilitr complex [MHC), Antigen
processing:and presentstion; Palyclonal and moneclonal antibody; E-Egulahuﬁ of immune response; Immuneg
tolerance: Hypersensiivity: Autoimmonily: Graft versus host reachon: InimumsEabhon and vacomos.

Section 3; Gonelics, Collular and Molecular Biology

Ganelics and BEvolutionary Siology; Mendelian inheritance: Gene interachon; Complementstion; Linkzge.
recembinabion and chromasome mapping. Extra chromosomal inheritance:. Microbial genabrs— transformaston
lrsnsduction and conjugstion, Herizontal gene lrensfer and lransposable elemdnts: Chromosomal variation,
Ganelic dizorders, Population genelics. Enigenatics, Salaction and inheritance; Adaptive and neutral evalution.
Geanetic drift: Species and speciztion.

Coll Bwlegy: ‘Prokgrvebic and sukaryotic eoll structure; Csll cycla and cell growth controll Cel=coll
communication: Cell signalling and signal iransduction. Pest-franslational medifications: Protein trafficking, Cell
death and autophaay. Extra-cellular matrix.



Muolecutar Bulooy Molecular struchure of genes and chromosomes, Mulstions and mutsgenesis; Regulation of
gene prpression Nucleid acid = replication. ransoiipticn. splicing, ranslation-and their regulatory mechanisms,
Nan-coding and micro RNA RNA interference. DNA damage and repair

Sechon & Fundamenials of Biological Enginearmg

Enginesring Princples: Appled o Bologicsl Sysiems: Matenal and energy balances for reastive and noan-—
roathve syatams; Recyoie, bypass and purge proces=es; Stoichiometry of growth and:product farmation; Begres
of raduction electron balance and theoretical oxygen demand.

Clzssicsl Thermmodynomices and Sieenmergeics: Laws of thermodynamics; E;Dlull-un thermodynamics: Phass
onullibria, reaction eguilibriz: Ligard binding: Membrane potentizl Enarpetics of metaBole pathways, exidation
anid reduction resclions

Transport Procecses Newiomon and Aon-Newloman [luds. fluid fow = Iminar and torbulent: Moang in
bicreactors. mixing lime: Melscular diffusion and film theory, Oxygen transfer and uplake in bioreactor, kua and
it= measurement Conductive and convective heat transfer LMTD, overall hoat transfor coefficient Heat
exchangers

Seclion & Binprocess Engineering and Process Biolechnology

Bjorzaction Engineenng, Rate law, zero and first ordar kinetics; Idesl roactors - batch, mixed flow and plug flow:
Enzyme immobslizabon. diffusion effects- Thiele moduolus: effactiveness factor, Bamkoshler number; Kinetics of
coll growth. substrate utilization and product formation; Sturchured and unstruciured modets; Batch fed-Balch
and camtinuous processes; Micrekazl and enzyme reactors, Optimization and <rale up.

Upstraam and Downstream Processmg: Media fermulation and optimization: Stenlization of air and med:a:
Fittration - membrans fiitration, ulira filtration; Cantrifugation— tigh spead and uitrs; Cell disnsphon; Principles
of chromatography = ion exchange, gel filtrabion hdrophobic interaction, affinity. GC. HPLC and FPLE; Extraction.
adsarption and drying.

Instrumentation-and Process Control Pressurs, tomperature and How measurement devices; Valvos: First order
and second order sysitems: Fesdback and feed forward controf; Types of .controtlers — proporiional, dervative
and integral control tuning of controllers.

Soction & Plant, Animal and Microbial Bintechnology

Dlznts Tohpotency. Regenoration of plants. Plant growth regulators and slicitors: Tissue culture and cell
suspenson culturs system - methodology, lanstics of growth and nuttient optimization; Production of sscondary
maetabohites; Hary root culiure; Piant prodocts of indestral imporiance; Artificial seads; Somacional varniabon;
Protoplast protoplast fusion - somatic hybrid and cybrid: Trm:-j,genil: plants —dirsct 3nd indirect methods of
_gene Irmnsier techniques; Selection marker and reporter gene; Plastid transformation.

Ammzls Callure media compasition and growth conditions; Anymal coll and tisses pressrvation; Anchorzge and
non-anchorage dependent cell coffure: Kinshics of el growih, Micro & maccoecarrier tulturs, Hybndoma
tecknolégy: Stem cell tochnology, Animal cloning: Transgenic animals; Knock-out and knock-in animals:

Microbes Preduction of biomass and primary/ secondary matabolies - Emluﬂl& bioplastics. industrial enzymes.

antibiotics; Large seals production and purification of recombinant proteins and metabolites; Clhinical-: food- and
indusirizl-rmcrobiology. Screening sirategres ter new products.
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Seciion T: Hecombmant ONA technology and Mher Tools in Biotechnology

HBecombinant DNA technology: Restriction and modification enzymes; Vectors - plasmds, bacteriophage and
other viral vectors; cosmids, Ty plesmid; bactenal and yeast artificial chromesomes: Expression vectors; cONA
and genomic DNA [braryv: Gene molabon and clomng, strategies for preduchon of recombinant proterns:
Transpesgns and gene largeling.

Molecuiar boois: ‘Polymerass cham peaction; DINA/RNA labelling and seguencing: Souikern’ and northern
blotting:  In-zitu hybridization. OM& fingerprinting, BAPD. RFLP, Site-directed mulaganesisi Gene transfer
technslogies: CRISPR-C2=; Ransonsing =nd biczensore

Analyiical tools-Principle=s of microscopy - fght, eloctron, Auorescent nd confacal -Priviciples of speciroscopy =
UV, visibla €D, IR, fluorescence, FT-IR. M5, NMR, ‘Elactropharesis. Mitro-arrays, Enzymatic aszays
Immunaassays - ELISA, RIA, immunohistochemistry, immunoblotting; Flow cytometry, Whaole genome and ChiP
soguencing

Computational toels: Bioinformatics resaurces and search leols Sequence and struciure databases; Sequence
anzlysis - sequence file formats, scoring matrices. abigrmant. phylogeny; Genomics, proteomics. metabalomics.
ene prediction; Funchional annotation; Secondary structure and 30 siructure prediction; Knowledoe discovery
in biochemical databasas! Motagenomics; Matabolic engmeerng and sy<toms bidlogy.



CE  Civil Engineering

Soction 1; Engineenng Mathematics
Lingar Algzbra: Mabrix algebira: Systems of lingar equations, eigen valles and eigen vectors.

Calcuius Fﬁn{hm‘rﬂ oi-=smgis vanabls; Limit, contimuty and differentizbiity; Mean valus theorems, local maxma
and mimma; Taylor serrec: Evaluation of defmite and mdefintte integrals. applicabon of definite intagral fo'obtam
area and wvolume! Partizl derivatives: Total derwative. Gradienl Dworgance and Curl Vector identitios;
Direchional derieatives, Line. Surface and Volume intograls.

Ordinary Differantial Equation (DDE: First order (linear and non-tinaar] equations; higher crder linear equatiors
with canstant efficients, Euler-Cauchy 2quations: initial and beundary value problems

Fartial Differantial Equation (FDE): Fourier sories: Separation of varables: solutions of one- dimensional
diffusion equatiom; frst and second order ono-dimensional wave equation and two-dimensional Laplace
equation

Probability =pd Stati=tice Sa.m.;:l_li.nq theerams, Conditional probability, Descriptive slatistics — Mean, medizn,
moda snd standard deviztion: Random Variables — Discrete and Continubus, Poisson and Normat Distribution.
Linear regression

Numerizal Methods: Error analysiz. Numerical solutions of linear and nan-linear algebraic equations; Newtan's
anid Lagrangs polynomiats, mimericsl differanbiation; Intﬂ_gml.'rbn by trapezoidal =nd Simpson’s rule: Single =nd
miti-ztep methods for first order difterontiat egustions,

Soction 2: Struclural Enginsering

Engifisering Machanics System of forcee free-body dizgrams eguilibrivum 2quations, Iniemal forces in
structures; Frictions and its applications, Centre of mzss; Free Vibrations of undamped SDOF system,

Salid Machznics Bending moment and shear force in statically determinate beams. Simple stress and strain
relationships, Simple bending theery, flexural and shear stresses shear centra: Uniform torsion,
Transtarmation of stress; bucklmg of column, combined and direct bendmg stresses

Struchyral Analysie Statically determinate and indeterminale struttures by force/ energy methods, Methed of
superposition; Anslysis of trusses, arches. beams. vahles and frames; ﬂiﬁpb-:ﬁmnrr‘l‘ mathods: Slope dgﬁb{liﬂn
and mement distribution methods: Influence bines; Siiffness and flaxibility methods of structural analysis.

Construction Materals and Management Censtruction Materials Structural Sizel — Composition, matsrial
proparties and behawigur, Concrete - Constituents. miox design. short-tarm and long-term propertios
Construchon Management: Types of consiriction projects; Project planming and network anaiysis - PERT and
CPM. Cost s<timalion.

Concrete Structures Working stress and Limit sizts design concepis; Desaan of beams. slabs, columns; Bond
and development length: Prestreszad concrete beams.

Steal Structures: Working stress and Limit siate dosign concepts; Besign of tension and compression members,
beams and beam- columns, colemn bases; Connections —smple and eccentric: beam=column connectione. plate
g:irdnrs and trussas: Concept of plastic analysis -beams and frames.
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Seciion 3; Gestechmcal Engimesring

Spil Mechanics Three-phase systom and phase relationships. mdex properfies; Unified and Indian standard sojl
cisssification system; Permeahility - one dimensional flow, Seepage through seils — two - dimensional How, How
nets uplift pressure. pipma. capillarity, seepage foree; Prmople of effechve stress and guicksand condibon:
Compaction of zoils Dne- dimensional consolidation. ime rale of cansolidation, Shear Strepgih, Mehr's sircle.
effectve and tuila_!. shear strength paramelers, Stress-Sirain charactaristics of tlays and sand: Siress paths

Foundation Engineering. Sub-surace investigations = Drilling bare holes, sampling, plate load test standard
penetration and cone panelration tests, Eaﬂﬁ'prg;:urn theories - Rapkine and Coulomb. Siability of slopes —
Finita 2nd infinite siopes, Bishep's method: Stress distnbution in soils — Boussinesg's theory: Pressure bulbs.
Shallow feundations — Terzaghi's and Meyerhoff = beanng capacity theones. effect of water table; Combined
foating and raft foondation; Contact pressure; Settlament snalysis in sands and ciays: Deep foundatioos =
dynamit and static Fermulae Axial load capacily of piles in sands and clays: plle lead test, pile under lateral
loading, pile group efficiency, negative skin frictian

Seclion & Waler Resources Enginsering

Fluid Machanics Properbes of fluids. Aind staties: Continuity ‘momentum and energy equobone and: their
applications; Potential flow. Laminar and turbulent flow, Flow in pipes. pipe melworks Concepl of boundary
layer and its growth; Concapt of bift and drag.

Hydraulics: Forces on immersed bodies: Flow measursmbnt in channels and pipes: Dimenrsional anzlysis-and
hydraulic similitude. Channel Hydraulics - Energy-depth relationships, specific energy, critical flow. hydraulic
jump, uniform flow. gradislly variad fiow and water surface grofiles.

Hydralogy: Hydrologic cyele, precipifation. evaporation ovapo-iranspiration. watershed infiltration unit
hydrographs, hydrogragh analysis, reservoir capacity, fload estimation and muting, surface run-off modals,
ground water hydrology - steady state well hydraulics end aguifers. Agplication of Barcy's Law.

lrrigatior Types of irmgatioh sysisms and methods, Crop watar mﬁ;ujr?lm'nis - Duty, delta evapo-iranspiration,
Gravity Oams and Spillways. Lined and unfined c=nals. Design of weirs on permeable foundation; cross
drainege siutures;

Section 5: Envirenmental Engineering

Water and Waste Water Quslitv and Treatmznt Jasics of water quality-standards — Phvsical chemical and
hiological parameters Water guality mdax. Unit processes and operations; Water roguirement: Water
distribution system; Drinking water traatment.

Sewerage system design. gquantity of domeslic wastewaler, primary and secendary treatment. Effluent
discharge standards. Sludge disposal; Reuse of treated sswape for different applications.

Air Pollution: Typas of pollutants, their sources-and impacts, air pollution ceontrol - air guality standards, Air
guality Index and limit=

Municipat Solid Wastos: Characterishes, gorieration. collecthion gnd transportation of salid wastes, anginsarad
systems tor solid waste management (reusef recyelo, anoergy recovery, ireatment and di.:ql_-r_.lsai}.



Seciion & Transporiation Enginesring

Trznsporiation infastrocture: Geometric design of highways - crosssechional elements. sight distaneas,
monizontal and veriicat alignments.

Geametric design of railway Track — Speed and Cant
Concopt of airport runway length. calrulations and corrections; taxiway and exit taxiway design.

Highway Favamants: Highway materials - desirshie propasties and tests: Desmable propertes-of ituminous
paving mixes: Design factors for flawble and rigid pavements: Design of flexible and rigid pavement using IRC
cades.

Trafhe Engimoonng: Traffir stodies on flow and spesd, peal hour factor. accidont study, =tatistical analyes of
traffic data; Microscapic and macroscopic parameters of traffic flow, fundamantal relationships, Traffic signs,
Signal desian by Webstor's methed. Types of ihl:nr';qgt:tim Highway capacity,

“Spction 7: Goomatics Enginesring

Principles of surveymng. Errors and their adjustment; Maps - scale, coordinate systern: Distance and angle
measurament-- Lovelling and trigonometric fevelling: Traversing and tmangulahon survey. Total stahon:
Harizaral and verfical curves.

Photogrammetry and Remote Sensing - Szale. fiving height. Basics of remiote sensing and GIS.



CH Chemical Engineering

Soction 1; Engineenng Mathematics
Linear Algabra: Matrix 2igebra, Systems of linear equations, Eigen values and cigenvectors.

Calculu= Functions of single variable, Limit. continuity and differantiability. Taylor serics, Maan value thaorems,
Evzluztion of definite and impropsar inlﬁgrﬂ:;, Partial derwvatives, Tnf_;ldéﬁ\raihe, Mzxima and minim=s, Gradient,
Divergence and Cuerl, Voctor wentitias, Direchional denvatives, Line; Surface and Yolume intzgrals Stakes, Gauss
and Grean’s theorams.

Differantial Cauabons: First order egozbions (linear and: nonlmear), Higher arder linear lifffﬂl‘ﬂ!‘lﬁill equations
with constant cosfficcents. Coauchy's and Euler'= sguatons, Imisal and boundary vaive problems, Laplace
lreasforms, Solubions ef gne—dimensional Feat and wave equations and Laplace squation

Complex ¥arzbles Complax number, polar form of complex nembar, triangte ineguslity,

Erobability and Statistics: Dafinitions of probability =nd sampling thearems. Conditional probahility, Mean.
median, mode-and standard deviation, Random variables. Poisson, Normal and Smomizl distributions, Linear
FEgreEssion analysm

Numerical Metheds Numencal solutions of linear and non-linear algebrasc equations. Integration by trapezeidal
and Simpson's rule. Single and multr-step mathods for numericat solution of differential sguatons.

Soction Z: Process Caleulstions and Thormodynamics

Steady and unsteady - stale mass and snergy balances mcipdmg muliphass, mult-component, reacting and
non-raacting systems. Use of lie components; eoycle. bypass and purge calculations, Gibb's phase rule and
degres of freedom analysin

First and Second laws df thermodyniamics. Applications of first [aw/to elose and opeh sy=tems. Second law and
Entropy. Thermodynamic nn::pﬂﬁleu of pure substamres Eguation of State z2nd residual properties properties ol
mixtures partial molar properties. fugacity, excess properties and achiwily cosfficients, phase eguilibria
predictng VLE of systems; chemical reaction equilibrivm

Section 3: Fluid Mechanics and Moechamca! Oporations

Fluid statics surface tansion, Newtonian and non-Mewtonian fluds. transport propertiss, sholl-balances
including diffarenbsl lorm of Bamoulll squation and snargy. balance. equation of cdnbninty. equatitn of motian
squation of mechanical energy, Macroucopic friction faclors, dimersional apalysis and similitude, flow through
pipeline systams velonity profiles. flow melers. pumps and compressors. alementary boundary layer theory.
flow past immersed bodies mcludng packed and fitndized beds, Turbulent flow, fluctuating velocity, unversal
wvelocity profile and pressure drop:

Particie size =nd shape. parficle size distribution. size reduction and classifcstion of solid particles. free =nd
hindared setthng; zentmifuge and cyclonos; thickening and classification, fHltration. agitstion znd mixing:
conveying of solids.

Section & Heal Transfar

Equation of energy, steady and unsteady hest conduction. convection and raciation. thermal boundary layer.and
hoat transfer coefficionts, boiling. condensabon and evaporabon: types of heal sxchargers and evaporstors and
their procoss calculationes: design of doubls pipa. shell and tubs hoat exchangers, and ingle and multiplo effect
evapoTaLors. | |
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Seciion &: Mass Transfer

Fick's [aws, molecular diffusion in fluids. mass tansfar coéfficiends, film penatiation and sirface renewal
thegries. momentum, heat 2nd mass transfer analogies, stage-wize and confinuous contacting and slage
officiencies. HTU & NTU concepls: design and operation of equipment for disfilistion. absorphion. leaching.
liquid-liquid extraction, drying, humidification. debumidification 2nd adsarption, membrane separations {micro-
fiitration, altra-filtration, nana-fitrabon and reverse csmosis).

Soction & Chemical Bozction Engineering

Thearies of reaction rates; kinstics of homogeneous rmactions, interpretstion of kinetic data, single-and multiple
rozchions in ideal roaciors, Wivetics of enzyme reachons (Michashs-Mentonand Moned modelz), nor=idedl
reaciors. residence time disfribution. single parameter medel, nondisothermal r=actors; Kinelics of
heterogenaous calalytic reactions: diffusion effects in catalysis; rate and performance equations for catalyst
deactvation

Section 7: Instrumentation and Process Control

Measuromont of process vanabios: sensors and transducars: PHD agupment symbols; process modeling 2nd
linearization, transfer functions and dynamic responsss of vanpus systams. systems with inverse response,
process reaction curve, controller medes (B Pl. and PID); control valves; transducer dynamics: analysis of closed
loop systems including stability. frequency response, controller tuning. cascade and feed forward control

“Saclion 8: Plant Design and Economics

Principles of procass economics and cosi estmation including depraciation and total annualized coat, st
indices, mats: of relurn. myback p_ﬂﬁb:l, discountad ¢ash How, aptimization in process :I'-E-irgn angdf sizng. o
chemzal engineening eguipments such 3s haat sxchangers and mulbistage centactors:

Section ¥: Chemical Technology

Inarganic chemical industnas (sulfuric acid. phesphoric acd, chlor-alkali industryl, fertilzers (Ammoniz. Urea,
SSP and TSP, natural products mndustries (Pulp and Paper. Sugar. 0il and Fats); petroleum refimng and
petrechamicals: polymerizalion industries (polyethylene, polypropylens, PYC and polyester synthetic fibets).



CS  Computer Science and Information Technology

Soction 1; Engineenng Mathematics

iscrete Mathematics. Prapesitional and first order logic. Sets relations. functions. parial erders and |attices
Menoids. Groups. Eraphs connectivity. mziching, clouring. Combinatories: counting. recurmence relafions.
~genarafing functions

Linear Algebra: Maoincos, determinants. system of linezr egushons. ocigenvalues and egenvectors; LU
decomposibon.

Calculus Limits; continuiiy and differentability, Maxima znd minima, Mean value theorem, Integration,

Probability 2nd Statistics: Random variables, Uniform, normzl, expanastial, Poisson and hinamizl distributians.
Mean. median, mode and standard deviation Conditional probability and Bayes thearem,

Section 2: Digital Logic
Boalean algebrz Combinatianal and sequential sircuit=. Mimmization. Numbar representations and computer
arithmeatic (fived amd Hozhing point),

Section 3; Computer Drganization and Architecturs

Machme instruchons and addressimg modes. ALLL dats-oath ard control unib Iestruction pipelimyg, prpeline
hazards. Memory hferarchy: cache main memeory and secondary. =lorage, /0 interface (inlerupl and DMA
made).

Soction &: Programming and Data Structures
Programiming it C. Recursion. Arrays: siscks, gueues [nked lists, troes. bmary sedrch trees. binary heaps,

graphs

Soction & Algonithms

Searching. sorting, hashing: Asymptobic worst case tme and space-complaxty. Algorthm design’ fschmigues
g;riie'd‘,', dynamic programming and divide-ang-conguer. Graph tFaversals, minimum spanning bees, shertest
paths,

Section & Theory of Computation
Ragutar: expressions and finite. automata: Contaxt-fres grammars and push-down automatz. Regular and
context-free languages. pumping lemma. Turing machines and undecidability.

Section 7: Compiler Design

Lexicel analysis, parsing, syntax-drected fransizbon. Runtime envmronments. Intermediate code generzbon
Local opommuisation. Data flow analyses: constant propsgation, Dveness analysis. common sub expression
eliminzhion.

Soechion 8 Operating System
System calls, processes. threads. inter-process eommunicabion, concurrency 2nd synchramizatmn. Deadisek
EPU and 110 scheduling. Memory management and wvirtusl mamory, Fide systems:

Seclion 9: Dalabasos

ER-modal Ralstional model relational algebrz, twple clcolus. 501 Integrity constraints. normal forms. File
organization, indexing (e.g. B-and B+ trees) Transactions and concurrency contral.
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Seciion 10: Compuinr Networks:

Concept of layerisg: 051 and TCP/E Prolocol Stacks: Basics of packet, cimuit-and viatual cimmuit=witching; Data
link Layer: framing, error detection. Medium Access Control Ethernet bridging, Routing protocsls shortest path,
flsoding, distanca vector and link state routing; Fragmenistion and IF 2ddressma. (Pvd. CIDR notation, Bass of
IP suppart protacols (ARE DHECB ICMPL Network Address Translation (NATY: Trﬁpﬁp-nﬁ layer: flow control and
congestien control; UDR TCP sockets, Application layer protocots: DNS. SMTP-HTTP-ETE Email



CY  Chemistry

Soction 1; Physical Chamsiry

Structure: Pastulates of quantum mechamics. Operators. Time dependant and time independent Schrodinger
equations. Born interpretation. Dirac bra-ket netation, Particle in= box: infinite and finte square wells; concept
af tunpeiling; particls m 1B, 70 and 30-box: applications. Harmomo oscillstor: harmonic-and anharmoeme
potenhals: Hermitle polynomials! Retabivnal motion: &ngular momentum operator=. Rigid rotor:. Hydrogen and
hydrogen-like atoms: z2tomic orbitals. radial distribution function. Mult-electron atoms: orbital apprasimation,
electron spin; Pauli exclusion principle; sister detorminanis. Approximation Methods: Variation methed and
saqular determinants. first order parturbation Ieﬂmiqm.li Atomic units. Molecular structure and Chamiczl
bonding: Bern-Oppenhaimer apprommeticn; Yalence bond theery 2nd linear combination of atemic orbetsls -
miglecular orbtal (LCACG-MO) thoory. Hybnd orbitaic Applicabons of LCAG-MO theory toHy, Ha: orbital theory
(MO of homo- and hﬂi&rnnuﬂi}_ﬂi" diatemic malecules. Hi.ll:h_l!_! approximation and its 2oplication to Fnnular

n —electron systems

Group theory: Symmetry slements and sperations: Poinl aroups and character tables Internal coordinates and
vibrstional modes: symmetry adapted linear combination of atomic arbitals (LCAD-MO), construction of hybrid
oritals using symmetry aspacts,

Spectrottopy: Atomic specirescopy; Russell-Saundars coupling; Term symbols and spactral details; origin of
solection rules. Rotational wibrational, electronic and Haman spactroscopy of diatomic and polyatomic
maotecules Eme broadepung. FEinstein's cosfficeents Relationship of iransition moment mtegral with mofar
sxtincton coefhicient and oscillator strength. Basic principles of ‘nuciear magnetic recdnance! gyromagnalbic
ratio: chemical shift. nuclear coupling.

Equilibriem: Laws of thermodynamics: Slandard states, Thermochemistry Thermodynamic functions and their
ralationships: Gibbs-Halmholtz and Mazwall relations. Gibbs-Oubem egqualion. van'l Hoff sgquation. Criteriz of
spontanaity and equilibnum. Absolute entropy. Partial molar quantities. Thermuodynamics of mixing, Chemical
polental Fugnfiﬁ, activily and sutwily coulfficient= ldeal and Non-ideal solutions. Ramult's Law and Hanry's
Law, Chemical sguilibna. Bependence of equilibriem censtant on temperature and pressure, lonic mability 2nd
conductivity, Debys=Hickal limiting law. Oebyo-Hiockal-Onsager cquation -Standard’ elecitrode poteniizls and
electruchemical cells.  Nemnst Equation and its application. relationship betwesn Elactrode potentizl and
thermodynamic quantities. Potantiometric and conduct metric fitr=tons Phase Tule. Clausivs- Clapeyron
eguation. Phass dagram of one component systems: COp. Hi0. 5; two component systems: liguid- vapour, bguid--
liguid ard =oalid-liguid sysloms. Fractional dishllation. Azeotropez and oufectics. Statictical thermodynamics:
micro canonical carmonical and grand canonicel ensembles, Bolizmann distribution, pariition functioss and
thermedynamic properiss.

Kinefics: Elementary, parallel opposing amdl consecutive reactions. Sisady sigte approximation. Methznisms of
complex reactions Unimalacular reactions Potential eneray surfaces and classical trsjectaries. Cancepl of
Saddle points, Transition siate theory Eyring equation thermodynamic aspects Kinetics of polymerization.
Catalysis concopts and eneyme catalysis Kmetic motope effects. Fast reaction kinetics: relaxation-and flow
methods Diffus:an controlled reachons. Kinebcs of photochem:cal and photo physical processes.

Surfaces and Interfaces Physisorption and chemisorption. Langmuir, Freundlich and Brunaver—Emmett-Teller
{BET) isotherms Surface catalysis Langmui-Hmshelwoed mechamism. Surface: tension. viscosity, Ssif--
Z=spmbly. Physical chenistry of colloids ‘rmicelles and macromolecules.



Seciion 2; Inorganic Chemasiry

Main Eroup Elements: Hydrides, halides, omdes, oesacids, nitrides, sulfides — shapes and reactoaty. Strocture
and bonding of boranes, carboranes. silicenes; silicates, boron nitride. borazines and phosphazenss. Allstropes
af carbon, phosphorous and =ulphur: indusinal synthoss of compounds of mam groop elemonts. Chenusiry of
noble gases psudohalegens and interhalogen compounds. Acié-baso concepts and principles [Lowis,
HBrensted, HSAB and scid-base catalysis), ' '

Transition Elements Coordingtion chemistry — strfocturs and isomerism, theones of bondirg VBT, CFET, and
MOTl. Eneroy leve! disgrams in various crystal felds, CFSE applications of CFT, JahnTeller disloriion.
Elgetronic spectra of transition metal compleres: spectroscopic tarm symbols. sslechion rules. Orgel =nd
Tanabe-Sugano diagrams. nephelauxatic offect and Racah parameter. charge-transfer spectra. Magnetic
groperties of transition matal complews Ray-Dutt and Bailar twists: Reaction mechamsms: kinebc and
thermadyramic slability, substitutian 2nd redex ractions. Metai-melal multipls bond.

Lanthanides and Actinides: Recovery, Perjodic proparties; spectra and magnehic properties:

Grganomatailics: 18-Electron ruls; metal-alkyl, metzl-arbonyl matal-olefin and metal- tarbene complezes and
metallocenes. Fluxicnality in organometallic complaxes. Types of orpanometallic reactions. Homogensous
tatalysiz -- Hydrogenabion. hydroformyiation, scehe aod synthesis. metathems and olefin oxidahon.
Haterogenapus catalysis - Hscher- Tropach reaction, Zisgler-Natta polymerization.

Hadinsctwity: Detection of radioachivity, Decay provesses. half-life of radimactive stemanls; fission and fusion
BrOCESEES.

Siomorgznic Chemastry: lan (N2~ and K-} transport, axygen binding: transport and utiization, elsctron transfer
rozchion= rutrogen fxabion, metallsanzymes contaming magnesivm. molybdonum, iron. cobalt copper and Inc:

Solgs: Crystal systems and |atlices; Miller planes, erystal packing, crystat defecis, Braog's law. jomie crystzls,
struciures of AX. A% ADENy type compounds. spinols. band thaory, metals and semiconductors:

Instrumental Mathods of Ansiysiss UVonisible, fluerescence and FTIH spectrophotometry, NMB and ESR
speciroscopy, mass spactrometry, atonuc absarption spectroscopy, Mosshaver spectroscopy (Fe and 5ol and
E-ray erystallography. Chromatoaraphy including GC and HPLC. Electroanalytcal methods- polaregraphy. cyclic
voltammatry, lon-selective slectrodes Tharmaanalytical methods

“Section 3: Organic Chemisiry

Sterecchomistry: Chiraliy and symmetry of organic molacules with-or withoat chiral centres and determimation
of thour dbeolute configurations. Relabnve storcochomistry in compounds having more thon one sterzogenic
zentre. Homolopic. snantiofopic and dizsterectopic atoms. groups and faces. Stereoselective and starecspecific
synthesis Conformational analysis of sryehic and cyclic compounds. Geometrical momerism and optical
isomertsm. Configurabonal and canformational effects. atropsemensm, and neighbourmg group parficipation
an reachvity and sslectivityf specificity

Roaction Mechanisms: Basic mechanistic concepts — kinetic versus thermedynamic control. Hammand's
postulzte and Curlin-Hammelt pnnciple. Msthods of determining: rezction mechamsms through kinetics.
identfication of products. mtermediates and isotome labelling. Lmear frec-engrogy relationshp — Hammatt and
Taft equatinriz Nuclsophilic and elecfrophilic substitution reactions (both aromatic and aliphaticl Addition
reactions to carban-carbon and :m‘h.n.n—ﬁetémalum (N and D} multiple bonds. Elimination reaclions. Reactive
intermediates — carbocatipns, carbanions, carbepes, nitrenes, arynes and free radicals, Molecular
rEarrangemanis

=
=



Orgamc aynthesis; Synthesis; resctions, mechamems and setectivity mvolving  the  lollowing classes of
compourds —alkenes, slhynes arenes, zlechois. phenels. aldehydes. Katones. carboxylic acids, esiers, nitmles,
halides. nitro compounds. amines and amides Uszes of Mg, L Cu, B. Zn. P 5 S and Si hased reagents in arganic
synthesis. Carbion-carbon bond formation through upling resctions - Hock, Suzuki. Stille. Sonogoshirz.
Negishi, Kumada Hiyama, TsueTrost olefin metathesis and McMurry, Concepts of multistep synthesis -
ratrosynthetic analysis. strategic dicconnections, synthons and synitheticegmvalents. Storm sconomy and Grean
Chemistry, Umpolung reactivily = farmyl and acyl anicn equivalents. Selectivity in organic. synthesis — chemo-,
regio- and ﬂﬂﬂﬂ'ﬂmﬂﬂﬁl‘f Protection and deproteciion of functional groupe Concepts of asymmetric synthesis
- reselulion [inciuding enzymatic), desymmetrization and use of chiral audiliares, organocatalysis. C=rbon-
carbon and carbon-heteroatom bond forming resctions throwgh enplates (incleding boron enclatas), enamines
and silyl enot ethers. Stereoselective sdiibon to:C=0 groups {Cram, Pretog and Fetkin-Anh modelsh

Paricyclhs Reactions and Photochemistry: Electrocyclic, cycleadditien and sigmatropic reactions. Orbital
correlations —FMD and PMO treatments, Woodward-Hoffmann- rule. Photochemishry of alkenes, arenes and
carbonyl compound=. Photoooadabion and photoreduction: Di-m-miethane rearmangement. Barton-MeCombie
reaction. Norrish type-l and Il cleavage reaction.

Rowroryclic Compounds; Structurs: preparation, propertias and reachons:of furan pyrrois, thiophess, pyridine,
indole. quinoline and Isoquinoline.

Biomolecules: Structure, properites and reactions of mono— and:d=sacchandes, physicachemical properbes of
Jrmno 3cids, chermcal smihezic of pephdes. chemical siructure detormmalion of pephidecs gnd protoms,
structural festures of protsins. nucleic acids lipids sterods terpanaids. carotenods and alkaleids

Expermental Tochnioues m Orgome Chamstiy: Optieal rotabon (polarmmetny). Applcabons of vanous
chromategraphic techniguas such as thin-layer, column. HPLC and GC. Applications of UV-visible, IR. NMR and
Mazss spectrometry in the structural determination of organic molecules.



DA Data Science and Artificial Intelligence

Probabilily and Siatistics: Counting [peemutabion arid combinations). probatulity axioms. Samiple space. avents.
indepandent everts. mulually exclusive events. marginal conditional and joint probability, Bayes Thesram.
conditional sxpaciation and variance. mean. median, mods and standard devialion, correlation =nd covariznee
random varizbles. discrete randsm varizbles and prohability mass functions upiferm, Bernoulli, binamial
distribution, Cantinuous random variables snd probability distribution function, uniferm, sxpenantial. Poissan.
normal standard nermal. t-distnibution, chi-squarad distributions. cumulstive distnibution function. Conditional
20F. Cantral limit theorem. cenfidence interval, z-test t-test. chi-squared test.

Linear Algubra: Vector space subspaces. limear dependence and indapantdence of wectors: makrces, proiection
mialriy, orthogonal matric idempotonl matrix, partition matric and their properties quadrabie forme systems of
lirear equations and solutions; Gavssian eliminatisn. sigenvaluss and eigenveciors, determuinant, rank. nullity,
projections LU decomposition singular value decompasition.

Caleulus and Optimization; Functions of = single varmble, limit. continuty and differentiability, Tayler series.
marimz 2nd minmma, optimiz=tion myvelvng = sinagls vanzble.

Programming, Dats Structures and Algorithms: Programmung in Python, basic data structures: stacks: gueues.
Imhked lists. tread. hash tables: Saarch algonthms: bnear search and binary search. basie =arting algorthms:
saloction sort bubble sort dnd insorlion sort divide and conguar. mergesort quicksort introduction to graph
theary, basic graph algorithms travarsals and shortest path

Database Manageman! and Warehousing: ER-model. relshoral model relational algebra. tuple calzulus. SOL.
integrity constraints. normal form, file organization, mdewing. data types. data transformation such as
normalization, discretization, sampling. compression; data warshouse modolling: schema for multidimensional
data models. concept ererchies, measures; categorization and computations.

Maching Learning: (i) Supervised Learmning regression and classification problems, smpla linear regrossion,
miultinle linsar regredésion, ridgs regression, loaistic ragression, k-noarest neiohbour: nave Bayes classiher
linear discriminant analysis, support vector machine, decizion treas. bias-vanance tradeoff, cross-validation
mathods such as lozve-cne-out IL0D) cross-validation, k-folds cross-validatan. multi-layer percestron. fesd-
torward neural netwerk, inl Unsu;sawls;d. Learning: clustering slgorithms, k-means/k-medoid. hissarchical
clustering, top-down. bottom-up: single-linkage, multiple-linkage. dimensionality reduction. principal
component analysis.

Al: Search informad, umnfermed. adversanall logic. propestional, predicate: reasomng under unceriamiy
lopics- — conditional independence representation, exacl inference through varizble elimination, and
approximate inference through sampling.



EC  Electrenics and Communication Engineering

Soction 1; Engineenng Mathematics
Linear Algebra: Vector space. basis; linear dependence and independence, matrix 2lgobra. eigen values and
mgen vectors, rank; solution of lndzr aguatiens - sgstence and unicuERess.

Galeulis: Mean value theorams. thearams of intearal calculus, avaliation of dufinits and mpraper integrals.
partial dervatives. maxima and minima, multiple integrals. bne: surface and volume intearzls. Tavlar senes.

Diffeezntial Equations: First order equations (lnear =2nd nonlingari, higher arder lingzr differontial equations.
Cauchy’s and Eulor's equations, methods of solution using variation of parameters, complementary function and
particular integral. partal differsntial eguabons, variable separabls method. mitial and boundary wvalue
problems:

Vector Analysis: Vecters in plane and space, vector operations. gradient, divergence and curl, Gauss’s, Grean's
and Slekas’ thegrems:

Complex Asalysis; Analytic funchons, Cauchy's intzgral theorem, Cauchy’s int=gral formula: sequences. senes,
convergence tests Taylor and Laurent senes. residoe thearem.

Probabibity .and Stabstics: Mean, medizan, mode. standard devishon, combinatorizl’ prakability, probability
distnbubons, hinomial distribution. Poisson distnbuton. exponaniial distribution norma! distnbubion, jomt and
eondiional probabality.

Saoction 2: Networks, Signals and Syslems

Cirzuit Anzlysiz: Node and mesh analysis. superposition, Thavenin's-théorem. Norlon's theorem regiprocity.
Sinusoidal steady siate analysi= phasors. complex power, manimum power transfer. Time and frequency
dumain analysis of linear circuitss RL. RC and RLC circuits. sslution of network equations wsing Laplace
transfarm.

Linear 2-port netwark paramalers, wye-dalta ransformation
Continuals-fima Signals: Fourier series and Fourier fransform, sampling theorem and applications.

thiscrete-fime Sigrals DTFT. DFT. z-transform. discrefe-time processmg of contmutus-time: mgpats LT
systoms. deliniboh and properties. calsslity, stabilily, impulse response, convelution, poles- and zuroes,
frequency response, group delay, phase delsy

Sechion 3! Eleclronic Devices
Energy bands in inlrinsic and eatripsic semiconduclors: eguilibrium carrier concantralion direct and Indiracl
band-gap semiconduciore

Carriar Trarsport  Diffusion current. drifil  current, mobility and  resistivity, genaration and recombination of
carriers. Poissan and continuity equations,

P-N junction fener diode. BT, MOS cagacitor, MOSEET, LED, photo diode and solarcell

Soction &: Analog Cirouiis:
Dioda Circuits: Clipping. clamping and reciifiers.



BT and MOSFET Amplfiers: ﬂtasmg, AC roupling, small ssgnal anabysis. fraguency respense. Currest mirrors
and differential amplifisrs:

Op-amp Circuits: Amplifiess. summars. differentiators. intearators. sctiva filters, Schmitt triggers and
oucillator=

Section 5; Digital Circuits

Rumbier Hopresoniztions: Sinary, infeger and Aoating-pomt= numbars, Cembmatonal cimomis: Sooiean algebrs,
minifmization of functions Gsing Boolean idantities and Kamaugh map. logic gates and thelr satic TMOS
implamantations. anthmetic circuiis, cade converiers, multiplexers, decoders

Sequential Crcuite: Ealches and Mip-flope ¢ountars, shafi-regmstors. fiite: state machmes propagation delay,
satup and hald time critical path delay,

B5ts Converters: Sample and held circints, ADCs and DAC=
Semiconducter Memones HOM. SEAM, DRAM.

Computer Organzation: Maching instructions and addressing modss. ALU, datz-path and contral unil
instruction pripelining,

Section & Control Systems

Basic control systemn components, Feedback principlec Transfer function. Block diagram ropresentation; Signal
fiow.graph; Transient and steady-state anatysis of 171 systems; Frequency response; Routh-Hurwitz and Nyguist
stability criterta; Bode and rooi-locus piots: Lag, lead and lag-lead compensation:- State vanable mods! and
soliution of state aquation of LTl systems.

Soction T: Communications
Handom Procozzes Aute correlston and power dpectral donsity, properties of whito nmse, filkermo of random
signals throdgh LT systems:

Analog Commamnications: Amphiude modutation and demodulation. angle modulation and demodulation, spectra
of AM and FM. supor helorodyne receivars.

Informatinn Thaory Entropy, mutual information and channel capaofy theorem.

Digital Communicatiens: CM, DPCM, digital medulation schemes (ASK, PSK. FSK. QAM), bandwidth, intar-
zymbol nterforance, MAR ML dotection; matched fitter receiver. SNR and BER. Fundamentals of error
correciinn. Hamming codes CRE.

Section 8 Electromagnetics
Mawwell's Egusuons: [ifferential and miegral forms and ther mterpr=iabon. boundary condibons, wawe
aquation. Fﬂgnl'_ln_g vecior.

Hlang Wsaves and Propertos: Hofloction and rofraction, polarzation, phase-and group valocity, propaostion
through varous media, skin dopth

Transmisgien Lines: Eguations charactenstic impedance, impedance matching. impedancs transformation,
S-paramaters: Smith chart Rectangular and cocolar wavesurdss: Uoht propagation in:optical fibers, dipote and
manopole antennas. linearantonng arravs.

"
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EE  Electrical Engineering

Soction 1: Engmesring Mathematics
Liresr Algebra: Matrix Algebra. Systems of inear equations. Eigen values. Eigen vectors:

Calculus Mean value theorems. Thesrems of integral calculus. Bvaluztion of definite and impraper Integrals
Barbal Dermigtves Makrea and  memma, Mulbple wmilegrale, Fourier =eries. Veclor wentities. Dircctional
derivatives. Line integral Surface integrzl, Volume: infearal Stokes's theorem Gauss's thedrem, Divergence
thestem, Green's thearsm, .

Differental Eguabons: FRist order sgustions (linear and nonlmeari. Higher drder linear differential equshons
with F_ﬁnsl;ml: coafficionts Method of variation of paramelers. Cauchy's equalion_ Eular's equation. [nitial ;md
boundary valus problems. Partial Differantial Equations. Method of separation of variables

Comiplex Variables: #nalytic funchions, Cauchy's integral thearam, Cadchy's imegral formuls. Taylor serigs.
Layren! series, Residug theasem, Solution integrals

Probability =nd Statistics; Sampling thearams. Conditional probability. Mean, Median, Moda, Standard Devigtion.
Harrdn_m variables Dhscrete and Conlinuous distributions, Poisson disiribulion, Marmal disiribution, Binamial
distribution, Corralation analysis, Regression analysis.

Section I: Electric circuits

Natwork Elemesils: ideal voltage and current sources, depandent soures. R, L € M slements; Netwark solution
methods KLL KVL Mode and Mesh analysis, Metwerk Theorems: Thevenin's, Norton's, Superpusilinn and
Maxmuem Power Transfer theorem; Transient response of OC and AL networks: smusoidal steady-state
analvsis, resonance, bwo port networks, balanced lhres phass oircuts, star-deltz transformation, complox
power 2nd power factor in AC circuits

Section 3; Eleclremagnelic Fields

Coulomb's Law,. Electric Field Intensity, Electnic Flus Density. Gauss's Law. Divergence. Bleciric fisld and
potentisl dus to paint. line, plane and mhﬂriﬁ:_li chame distribution=: Efect of dizlectric medium, Capacitznce of
simple configuralions. Biok-Savart's law. Ampere’s law. Curl “Faraday's law. Loreniz force Inductance
Magnetomotive force, Baluctanca. Magnetic circuits, Self and Mutual induciance of cimple configurations.

Sechion &; Signals and Systoms

Hapresentation of continuows and discrete time signals: shifhing and scaling properties. linear tme imvarant
and caussl systems, Feiifier series represantation of comiinuous 3l discrete ime periodic signals sampling
thegrem. Applications of Fouriar Transform for cantinuous and discrete time signats. Laplace Transform and 2
transform. M S valus, sversgs value calailation for any genoral periadic waveform,

Section 5 Eloctrical Machines

Single phase transformer equivalen| circuit. phasor disoram, open cirowit 2nd short circuit tests, regulation and
efficiency; Three-phase transformers connechons, vector groups. parzllel operzhion; Auto-fransformer
Elactromechamcal energy conversion principtes: D0 machimes: separately excited: semes and shunt matoring
and generating mode of operaton and ther charactenstics spoed contrel of de mators; Throe-phase induction
machines: principle of oparation. types perfurmance lerque-speed charactaristics no-load and blocked-roter
testz gqafma_lm! circuit, starting and speed confrol; Operating principle’ of single—phaze induction motors.
Synchronous machines: cylindrical and zalient pols machines, performance and charactenistics, regulation and
paraliel operation of generators. starting of synchropous motors: Tvpes of tosses and afficoncy calculations of
oleriric machmes.
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Seciion & Fowwr Sysioms

Basic concepts of electricsl power generation. AL znd OC transmission concepts. Modeals and performance of
transmission lines and cabies, Economic Load Dispatch (with and without considering, transmission losses),
Sories and shunt compensation Electric field distribution and insulators, Oistribution systems. Per-unit
quantibes, Bus admittance mabrie. Gauss Sesdel and Newtop-Raphson load flow methods, Veltage and
Frequency contmol, Fowsr factor correchon, Symmetrical components, Symmatncsl and unsymmetnca! fault
analysis, Prirgiples of over-current, differential. directionsl and distance protection. Dircuil breakers. System
stahility cancepts, Equal atea erilarian,

Sachion T: Conirol Sysloma

Mathematical madelling and representation of systems. Foedback principle. transfer functicn, Black dizggrams
and Signal flow graphs. Transient and Smﬂﬁy.—lstala aralysis of linear time invariant systems. Siahility analysis
using Routh-Hurwitz and Nyquist criteria. Bode plots: Root loci Lag Lead and Lead-Lag compensators: B Pl'and
PI0 controllers: State space modei, Satubon of state equations of LTI systems.

Section 8! Elactrical and Eloctranic Measuremants

Bridges and F:'ﬂtﬂn‘imh‘:‘ﬂi_ Mzasur=ment of voltzae current. power, energy and pewer facter; Instrument
transtormers. Digital voitmaters and multi-meters. Phass, Time and Frequency measursmant: Dscilloscapes.
Errgr analysis.

Seciion §: Analeg and Digital Elocironics

Simple dinde cocuriss clipming. clampmg. reciithers. Amplifiers: bigsing, equivalent ommut and freqeancy
response. ascillators and feadback amplifiers, aperational amplifiers characteristics and applications single
stage active filters. Active Filters: Szllen Key, Buttorwoth. YCOs and timers, combimatorial and sequential logic
circuits; multip’ﬁm.r_s, demultiplexers. Schmitt triggers. sample and hold circuits, A/0 and O7A converters

Soction 10: Pawer Eloctiramics

Static V-1 characteristics and firmg/gating circuits for Thyristor. MOSFET. IGST: OC to OC conversion: Buck, Boost
and Buck-Boost Comverters: Single and three-phass configuration of uncentrolled rectifiers; Voltzoe and Current
commatzted Thyredor Based convertars: Bidirectional 3¢ 1o dt vollage =aurce converters: Magnitude and Phase
of line current harmonics for urcontrolled and thyrstor basad converters: Power factor 2nd Distortion Factor of
AL to DL converters Single-phase and three-phase voltage and current seurce inveriars, sinusoidal pulse width
modulation.



ES Environmental Science and Engineering

“Spclion 1: Mathamatics Foundation
Line=r Algebra: Daterminanis and matrices, 5}‘;:!_:!1!15 of linear equations, Eigenvalues and sigenvectore

Calcolu= Funchions: Cimil. Contmuity, Diferontizbiity, Local maxima' and mimima, Taylor :series, Testz for
zonvergence Definita and indefinite inteprais. Application of dafinite integral te obtain srea and volume Partial
amid toizl dervatives

Diffarential Equalions. Linear and non-linear firsl order ordinary differantial ‘sguations-(0DEE Higher order
lingar OOEs with constant coefficients. Cxuchy's and Euler's equations, Laplace transferm and its applicationin
salving linear O0Es.

Probability 2nd Statistics: Deseriptive statistics. Measuremean) of central tendancy, Dispersion. Skawnees and
kurtosis, Probability concepts Conditional probsbility Bayes theorem Risk and relisbility. Probability
distributions, Carrelation, Single and multiple regression medals. Hypothasis testing (t-test. F-test. chi-square
testl,

Sochien 2: Environmentsl Chemistry

rundamentals of Envionmantz| Chemistry: Covalent and jomic-bonding; Chemical 2quations. concentration and
aetivity: Skructime and chermmustry. of oroanic moletules: Radicactivity of oloments: Chemical equilibria:
Thermadynamics and kinelics of chemical reactioss.

Frmcoles of Water Chemistry: Water guality parameters and ther measurement: Acd-base sguilibna, Buffer
solution: Carbonate system, Solubility of gases in water, Comploxation. precipifation. and redox reachons.
Inorgame a.nr.l urgnnitmhmihantimwéler 2 their spﬂ-:ialipn.

Sail Chormetry. Organie mattar, mirogen. phosphorous, pal3ssium, £alion exchangos capoctly, baze shturgtian
ant sodium abserption ratio.

Bimosphenc Chemustry: Compesition of the atmosphers: Beactivity of frace substances in the stmosphare;
Urban atmesphete—smon and particulaie pollution; Chemistry of ozone formation: Chemistry of stratosphara:

Sochion 3: Environmental Microbiology

Prokaryatic and Eukaryotic Microargansms: Characlaristics of diverse groups of microerganisms; Classification
of microorganisms: Microbial diversity; Plant-micrabe and stil-microbe interactions. Rele of miCroorganisms in
wastewater freatment. bioremediation and bisgeachemicat cycling.

Call Chemisiry and Cell Biology: Structure of proteins. nucleic acid IDNA & ANA), lipids. and palysacchandes.
Bonds in biemolecules: Stersmisemerism in tiomoleculss Struclure of cell Structure and function of
cytoplasmic membrare, cell wall, outer membrane: glycocalyx. chromosomes. endospores. storage producis.
mitogchondria snd chioroplasiz.

Microbizl Metabolism: Anabolism and catabolism; Phosphorylation. Slycolysts; TCA cycle: Elactron transport
gham, Fermentation: Anaerobic respiration: Energy balanees; Enzymes and Enzyme kmetics

Growth and Controf of Microorganisms: Bactenal netntion and growth; Speotic growth rate and doubling time:
Monod's meodsl; Types of culture media; Baich and centinuous culture; Effscts of- envirenmentzl factors on
growth: Control of microbes using physical and themical matheds:
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Microbinlogy and Hsalth: Pathogens and modes of transmission, Indicator ergamsms; Quantification of
califerms using MPN and membrans filiration techniques.

Section &; Water Resources and Enviranmantal Hydraulies
Global Water Bacaurces: Structiurs ' properbies and distribibon of water: Water quabity; Threalz e waler
rasaurcas, Water consaervation.

Surface:Watar Resources: Hydrolpaical cycle and water balance - precipifation; mnfittrabon, evapotranspirabion,
runalf: Flow hydrographs: Unil hydrographs: Siageﬁscha-rqa relaticnship. Reservair capacity. Resarvoir and
channal routing, Surface run-off meodels Surfare water management, Rain water harvesting a2nd storsge

Groundwstder Hossurces: Geologie formabons o= aginfers! Vadose and saturated zonos: Confmed and
unconfined aguifecs and thoir paramoters - pﬂrns'tr permeability, transmiscivity. and starage coalficient
Darey's law and spplications: Sleady siate well hydaulics.

Environmantal Hydraulicss Concepts of mechanics, Propertias of fluids, Pressura mezsurement. Hydrosiahc
forte an surfaces. Buoyasicy and flotation; Laminar and turbulent flow; Flow throuagh pipess Pipe networls.
Houndary |ayer theory, Forzes on immersad bodies. Flow measursment in channels znd pipes: Kinomatics of

fiow; Continuity, mamentum and energy 2quations; Channel hydraulics— specfic enoray, cribical flow, hydraulic
jump, rapid and graduaily vaned flow; Design of lined and unlined channels.

Soction & Water & Wastowater Treatment and Maznagament
Water and wastewster quality parsmeters: Eutrophication and thermal stratificaticn in Iakes; River poflution —-
Oxwgon =3g curve.

Water tr=atmant methods — screening. sedimentztion with and withowt cosguistion, fillation, desalination.
disinfection; Watsr distribution and shorzge

Baint and nor-point sources of wastowatar;: Population forecasting methods; Design of sewer and starm water
sawers, Dewer sppurtenances; Prelimumary, prmary, secondary and farbiary sewage lreatment Sludge
generation procossmy and disposal methods: Sewaoe farmmg.

Sources and characteristics of industrial effluents; Concept of Common Effluent Treatment Flants {CETE):
Wastowater recycling and zoro higuid discharge.

Kinetics and reactor design: Mass and enargy balance. Order and rate of reactions. Batch reactors; Complotoly
muxed fiow reactors. Plug flow reactors.

Soction & Air and Noise Patlution

Struetore of the 3tmosphers: Natural and snthropedenic sources of pollutien: Almosphenic Sodrces, sinks
transpart; Indaoe-zir pollution; Effect= on health and environmesit, Alr pollution geso< and pariiculate matter;
Arr quality standards, Primary and sscondary pellutanis Crilena pollulaniz. ambient =d soume standards, air
quality mdices, visihility.

Particulate Pollutsntss Measurement and control methods, Conirol of parficulate air pollutanis using
_gravitational settiing chambers. cyclone separators. wet collectors, ebric filters [Bag-heuse filter], electrosiatic
precipitstors (ESP)

Gaszous Pollutants Measurement and conirol methods: Control of gaseous contaminaniz shsorpton.
adsorption, condansation and combustion; Cantrol of sulphur oxides, nitrogen oxides. carbon monoxmide, and
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hydegcarbons: Wapour-bgind and vapour=solid eqgumbibna; Eiffusion, Fick’s law: and interfacial mass franslec
Automotive emission conbrols, fuel qualily, diesal particulate filters. catalytic convertors

&ir Quabity Management: Fomnt. ine and area sources; loventory; Influsnce of meteomlegy - wind rose dagrams.
stalility, mixing heighl tapography. disparsion modeiling. monitoring.

Norza Pollubion: Sources; Health effecis; Standards; Messurement and centrol metheds.

Section 7; Solid and Hazardous Wasle Managemant
Integrated salid waste manzagement: Waste hierarchy; Bules and regulations for solid waste managament m
India.

Municipal zolid waste mammgement Sources, oeneration, charadieristics, colledtion smd transporiation. wasts

processing: and dispozal (including reuse options. biological msthods. snergy recovery processss and
Landfilling).

Hazardows waste management: Charactaristics. generation, fate of matenals m the emwmrenment. treatmaent and
disposal. Soi contamnation and tsaching of contamumnants info groundwater,

Management of bicmedital wasts, plastic wasteand E-wasto ﬂﬁumes.-genmii;n and characteristics; Waste
management practices incleding storage, coflection and transier

Soction 8: Glohal and Regional Envirenmental lssuss
Glokal effects of air pollution: Greenhowoso gases, global warmmg. climate change. urban heat slands. acid ram,
ozone hoia.

Ezology =nd various ecosystems. Bisdiversity, Factors influsncing increase i population, eneray consumption.
and envirgnmantal degradation.

Section 2 Environmental Managemant and Suslainabls Development
Ervmonment2l Monzgomont Systoms ISO18000 semes; Emnmonmentad  Audiiing: Enwironmental Impact
Assessment; Life cycle assesament; Human kealtth nsk assesamant

Erwiranmental | aw = Palicy ﬂ'h}le-z:ﬁm.' Polluter pays principle. Preczutionzry principle: The Water and Air
Arts with amendmants; The Environment (Protection) Act [EPA) 1984; National Green Tribunal Act 2010
kational Enviroamient Policy. Prmcmples of International Lavw and Intornabonsl treaties

Enargy and Enviranment: Energy Sources; Geerview of resources and reserves: Renpwabls and non-renewable
anergy sources: Energy-Environmant naxus.

Sustainable Dpvelopmant: Befinrtion and congegts of sustamable development: Systamabls dovelopmentgoals:
Hurdles to sustainability: Enviconmznt and economics:
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EY  Ecology and Evolution

Seclion 1; Exology

Findamental Concepts Abiotic and biotic compananis, scales (population. speciay, community, stosystems,
biomes); miches and habitats

Population Ecology: Population growth rates (density dependest/independents mets. populstion -scology
[eotomzation, porsistence. extimction, patches, ources, simks)) age—structired populabons.

Interactions Types (mutualism, symbiosis, commensalism.  compotihon, parasitism. predation. stel,
ecophy=ziology (physinlogical adaptations to abiotic envimament), prey-predator interachions (Lotka-Veltera
equztion; et |

Commumity Ecology; Community assembly, organization and succession; species richness, evoanness and
divorsity indices. species-area relationehips: thoory of sland bwopeography

Ecosystems Structure and Function: Trophic levels apd their interactions: nuirient cycles primary and
socamidary Erodushvity

"Saclion 2: Evolulion

History of Evalutippary Thoughl: Lsmarekism: Barwinism, Medern Synthesie

Fundamentals: Variation; heritability. natural salection; fitness and adaptation; types of selaction Istabilzing.
diractional, disruptive)

tiversity of Lite, Onoin and histary of (fe:on-earth; diversity and classificabon of Iife: systems of classification
[eladistlics and phenatic)

Life History Strategies Allocation of resotrcss: Tradeoffs; r/K seleciion. semelpanty and iteraparity
Interactions: Co-evalution {co-adaptations, arms race. Hed Oueen hypothesis. co-speciation), ;afizr—s_rﬁdaiur
interactions (mimicry, crypsis. stcl

Pooulation and (uantitative Gesetics Oroins of genstic -variation, Mendeltan genotics: Hardy-Wemnberg
oaullibrium: drift: selecton lone-locus twio-zlieles medelll populabien genabe structire (panmrtia, gene Mow
Fsih, polygenic traits; gens-snvironment interactions {phenotypic plasticity). heritability

Molecular Evolutian and Phyloganetics: Nautral theory. molecular clocks: rates of svolution. phylogenatic
reconsiruction; moleculer systomatics .
Miucreswolution: Soacies concepts and spaciation: adaptive radiaban; conyergence; biogeography

Soction 3: Mathematics and Quantitstive Ecology

Mathematics and Siatistics in Ecolegy; Smple funcbons (inear, guadratic. exponential, lsgarithmic: etc); concept
of derfvatives and slape of a function: permutations and combinahons: Basie probability {probability of random
evonts, sequances of events. olf), Trequency distributicns and their descriphive stalistics (mean, vanance,
coefficiant af variation. comrelation, glcl.

Statistical Hypothesis Testing: Concept of p-value: Type | and Type Il error, test statistics like t-test and Chi-
square test basics of Linaar regression and ANOVA

Soction &; Bohavioural Ecology

Clzssicsl Ethology: Instinch: fived acbon pafiers: imprinting; learnt behavior: proximate and ultimate guestions.
Sensary Ecolegy: Neuroethology; cemmunication (chemical atoustic and visual signaling); racagnition systams.
Faraging Exalegy: Foraging bahaviour, aptimal foraging theary

Bopruduction: Cost aof sex; serual dimarphism, mate :fmii:é. saxual solection {funaw&y salection. good-genes.
handicap principte; etc); sexval conflick mating systems; parental cars.

Social Living: Costs and bessfits of groopdiving (incledng responses to predators), offect of competition
[scramble and cordest) on group formatios dominasce relzlionships: sisociality: kin-zelsction: albuism.
recipracity, human hohaviour
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Section 5 Applisd Ecology & Evolution

Biciversily =nd Conservation Importance of conserving biodiversily, ecosysiem senvices, lhraks (e
bicdivarsity. invasive specias, in-sifu conservation lendemism, bindiversity hotspots, protected areas). ar-sity
consarvation. conssrvation genatics (ganetic diversily, inbreeding. deprassionl. DNA Fngsrprinting. and ONA
barcading

thiseass Toology and Evolution: Epidemiciogy; zoonotic diseases; antibiotic resistance: vector Confeol Plant and
amimal breeding Marker assisled breading genietic basis of economically imporiant traits.

Global Climzts Change: Causes; consaquences; mitigation
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GE Geomatics Engineering

Part-A (Common). Enginecring Mathematics and Basic Geomatics

Engineering Mathemabcs: Surveying measurements Accuracy Pracision. Most probable valuo: Errors and their
adjustments. Rearession anatvsie. Cormelation mefficient Least square adiustment, Siabistas| somficant value,
Chi sguare test. . ' -

Famaote Ee-riimg_' Basic concept; Blectromaanetic spectrum. Spectral signature, Hssqtutinnjsrﬁpas:tml. Spatial
Tempaoral-and Radiometnic, Platforms and Sepsars, Remote Sansing Datz Products - PAN, Multispeciral
Microwave, Thermal, Hyperspeetral Visusal and digral mtarpratation mathods

GNSS: Principls used. Components of SNSS, Dats collection methods, OGPS. Errors in abservations =nd
rorr=ctions.

BIS: Infroduction, Datz Sources. Data Moduls and Data Structures Algorithms, DBMS. Creatian of Databases
(spatial and non-spatial), Spatial analysis - Interpolation, Buffer, Overlay, Terrain Modeling. and Network
analy=is.

Part-B); Surveying and Il{ap-pmn

Map<: impariance of maps o enginesrina projects, Types of maps Scales and uses, Plolting arcuracy. Map
shest numbenng. Coordinate systams- Carfesian and geographical. map prulmimﬁ. map d=tum - M5L_ Geoid.
spheroid, WGS-84

Lang Suyrvayng: Vanous Lavels Lajl.reﬂing methods. Compass. Theodolite 2nd Total Stetion and their uses,
Tachometer. Trigonometric levelling, Traversmg: Triangulstion and Trilzteration,

Aorizl Photpgrammetry. Types of photographs, Flying height and scale. Relief (heightl displacement
Stersoscopy, 3-0 Modal, Height determination using Parallax Bar, Thgital Elevation Model IDEM), Stope.

Parl-B2: Image Procossing and Amalysis
Datz Quantization and Processing Sampling and quantization theery. Principle of Linear System, Convolution.
Continuaus and Discrate Fourier Transform.

Digitall fmdge Processing: Digital weage characteristics: image histogram and dcattergram and  their
sigmficance, Vananco-Covariance matnx, Cdrrelation matrix and ther-signikicanco.
Fadipmstric and Geornetnic Corrections ﬂegtsﬁmh&n'and:ﬁesamnimg:tﬁrhmquaa

Image Enhancement; Contrast Enhancement Linearand Non-finear methods: Spatial Enhancement: Noise and
Spatial filters

Image Transformation: Principal Componeant Analysis (PCA), Discriminznt Analysis. Calour transformations (RGB
- |HS, CMYK], Indices (Ratios, NDVI, NDWI).

Imape Segmentation and Classification: Simple techniques.



GG  Geology and Geophysics

Part-A: Commaon Section

Earth and planetary systom— terresiral planots and moens of the solar sysiem: sire shape. mternal sbrociure
and composition of the earth, concepl of isostssy, elements of seismology — body and surface waves,
propagation of body waves in the earth’s interion. Heal flow within the earth. Bravitatinnal field of the Estth,
geam=gnetism  and n;llermagnetrsm. continental - drift plate tectonics — rE}.EtiiJ-nih'p with earthquskes.
wiriczmesm and meuntam kaeldimg; confinental and eceanic crest—composition; siructure and thickness:

Westhering amd soil formation: landforms or=ated by river. wind. glacier. atean and vol=noes

Basic structural geoloay - stress. sirain and material response: briftle and ductile deformation. nomenclature
and classification of folds and faults

Ceystallography — basic crystal symmelry and concepl of painl groups. Mineralogy — sllicate erystal sbructure
anid determinative minerzlegy of cammaen rock farming minemal=s

Patrology of comrnan ignesus, sadimantary and metamarphic rocks.

Geologiczl time scals; Seachronpleay and absclute time. Stratigraphic principles: major stratigraphic divisions
af Indiz

Mineral; ceal and petrolewm resources of India.
Introduction to remote 2ensing

Engineering properties of rocks and soils.
Elementsof hvdrogeology,

Pringiples and applications of gravity, magnatic, gbechi!;ill alectromagnetic, seismic and radiometric methods of
prosgecting for oil. minerzt and ground water; introductory well loaging.

Part-BY: Geology
Geomgrpholegy: Geasmorphic processes 2nd agents, development and evelution of landferms m contineptal and
oceanic sethings; tectonic geomorphology,

Struttural Geolsgy: Forces and mechanism of reck deformation: primary and secondary structures; geometry
and genests of planar and linear structures (kedding, cleavage. schistosity, Uneation); fulds. faulis. jonts and
unconformities; Stersographic prosectmn; shear zones, thrusis and  supsrpossd folding; bassment-tover
rolatiomship. Interpratation of geslogical maps.

Crystalicgraphy ang Minaraiogy: Elements of erystal symmetry, form and twinmng; coystallographic proechon;
ervetal chemistry; classiheation of mmnaials physical and aptical propertios of rock- formme minerals.

Goochemisiny: Cosmic abundance of elements: meteontes: geachemical evolution of the earth; geochemical
eycles: distribiation af rnapor, minor-and r3ce eletmeite m cruet and mantle: elemeonts ol high lemperatura and
low temperature goochemical thermodynamics, Iselopic evolulivh of the crust and the manile manile
reservairs: geachemistry of water and water—rock interaction.
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loneous Petrology. Classficatmn, forms, textures and genesis of common wgnecos rocks; maogmatic
differantiation: binary and temary phase lizal_]ﬂamu— major and trace elements a5 monitors of paﬂialmlﬂting and
magma evolutionary processes. Mantla plumas, hatspats and large ignoous provinces

Sadinenlalogy. Texhire structure and sedimentiry processes) patrolony of common’ sedirnentary rocke:
Sadimentary fanios and environmerits, cyvblicities in =adimontary ﬂm{é‘.ﬁtﬂn provencance and basin analysic
Important sedimeniary basins af India

Meiamorphic Pelrology, Stuclures and fextures of metamorphic rocks. Physico—hemical conditions of
metzmorphism and eoncept of metamorphic facies, grade and barie types. chemographic prejzcticns.
metzmarphism of pelitic. mafic and impure carbonate rocks; role of ilk composiben including Fuwds in
metamorphism; thermobarometry and metamerphic P-4 paths. and their tectonic significance:

Paleabinlogy: Diversity of fife through time. mass extinclions- causes and effects. faphonamy - processes of
fossilization, Tamonamy, Morphology and functionzl morphology of mverichrates [bivalves, brachiopeds,
gasiropods, echinoids ammontss), microfossils (leraminifars. ostracoda; conodonts, bryvozoal, Veriebrate
paleenology (Equus; Probicidea, Humank: Paleobatany (plant spore= pollens). Hasic concepls of ecology/
palecscalogy. classification - ecologital and taxonomic schemes (diversity and richness) Foszils and
mlﬁnﬂmlmnméﬂﬁ

Stratigraphy. Principles of siratigraphy and cohcepts of correlation; Lithestratigraphy, biostratigraphy and
chronaistratigraphy, Pringiples of sequence stratigraphy and applications. Strabigraphy of peninsular and exira-
pEninsular india. Boundary problems in Indian stratigraphy,

Hazourme Eaology Ore-minsralogy. ore forming progesses vis-3-vis cre-veck assecigtion (magmatic
hydrothermeal, sedimentary. supergene and metamorphogenic ores), fuid inclusions 2s ore.genetic tools, Cozl
and petroleum geology: manne mmerzl resources. Prospecting and explorztion of economic minerzl deposits -
sampling, ore reserve eshmabion, geosiatrstics, mummg methods: Qe dressmg and minessl sconomics.
Distribution of miperal fossil ard nuclear fusl deposis in lradia

Global Tectomos; Plata metions, doivieg mechanjsms, plate boundanes, separcontinent oycles:

Applied Gaslogy: Physico-mechanical properties of rocks 2nd soils: rock index tests; Rock failure criterniz (Mahr-
Coulomb, Grffith and Hosk-Brown criteria); shear strangth of rock discontinuities; rock mass classifications
(AMR and [ Systems); in-situ stresses| rocks 35 tonstructinn matenals; gecloaical factors in the construction of
engingering structures including dams, tunnels and sxcavation sites. Analysis of slope stability

Matural hazacds (landslide. volcanic, ssismogemc; ceastal] and mitigabon. Principles of climato change.
Hydrogeslogy. Groumdwater fiow and explarston, wall hydraubics and watar guality.

Basic Principles of Remale Sensing spergy sources and radialion principles. atmospheric absorption
interaclion of enoroy with garth’s surfare. 2emal-phete miemmm'ﬁ.'nmiﬁmhﬂ remote sansing in wsible,
infrared. thermal IR end microwave regions, digital processing of satellite images, GIS —basic concepts, raster
and wector modes aperations,

Parl-B2: Geophysics

Sould-Earth Gaophysics: The earth as 2 planet: diff=rant motions of tho earth; gravity field of the earth. Clairaut’s
theorem, sire and shape of earth: geomagnatic hield, paledmagnetism: Geothermics and heat How!. ssismology
and interiar of the earth: variation of density, velocily. pressure. temperalure, electrical and magnstic mnpﬁﬂéﬁ
af tha earth.
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Goodesy Gravitzbonal Fietd of the Earth; Seoid; Ellipsod; Heodetic Referance Systems: Datum; E;d'ﬂFEit (VE30)
and WGS 8& (19B4) systems: GPS and DEPS. Levelling and Surveying

Earthquaks Semmology Elements of slasticity. theary- 5tm55 and etrain lensars. Generalized Hooke's Law,
Bady and Surface Waves; Rotational dilatational, irrorational and squivolumnal waves Refiection and refraction
of alastic waves: inhsmagenous and svansscont waves and bounded waves: Ekanal Eguation and Ray theory,
garthquakestcauses and measurements, magnitude and intensity. focal mechanisms! sarthguake quantification.
source characlenisics, seismotectonics and seismic hazards. digital :.eu.nmgmphs. Earthquake siatistics wave
propogation in EL;lshi: mediz. guanbfying earthquzke source from seiamoiogical data Elements of Saismic
Tomoaraphy,

Potentiz| and Time Varying Fields: Scaler apd vector potential fields: Laplace. Maxwell and Helmholiz equations
for selution of different types of boundary vzlue problems wn Cartesian cylindrical and sphorical potar
coordinates. Graen's theorem: Image theory! inlegral sguations in potenbal and Umiewvaryimg field theary.

Gravity Metfiids Absolute and relative gravity measurements; Gravimeters; land, arborme. shipborme and
bore-hole gravity surveys, Tensorizl Gravity sensors and surveys, vanous correctionss for aravity data reduction
—froe zir. Bouguer and isostatic anomaliess density estimatos of rocks. regional and rﬁidﬁ;ﬁ,gmltv =eparation,
principle of eguivalent stratum. datz enhancement lechniques. upward and downward continuation, derivative
maps. wavelength filtering: preparstion and analyses of gravity maps: gravity 2nomaties and their interpretation
- aapmalies doe fo:geometncal and rregularshaped bodes, depth rules: calculastion of mass

Mazgnelic Methnds Elements of Earth's magnatic fiald, units of mezsurement, magnatic susceptibility of mcks
and measurements, magnetomalers and mzanehc gradiometers. Land, airborne and marine magnelic znd
magnetic gradiometer surveys. Various correclions -appbed to magnetic data. 1GRF Reduction to Pole
transtormalson, ﬁ:ssun's. mafabon of grawvity and magneiic potential feld, preparabion of magnetic maps,
upward and downward continuabion, magnetic anomalies due 1o gesmetrical and ifrequiar shaped bodies,
Imane processing concepts in processing of magnelic anomaly maps, Depth rules; Inlerpretation of procassed
magnetic anomaly datz dorivative, analytic signal and Euler Dopth Solutions. Applicstions of grawty =nd
magnetic methods for mineral and o)l explosation:

Elactrial Methads Conduction of electricity through rocks. slectritsl conductivities of mekals non- metals, rock
forming munerals and differant rocks, cancepts of D.C resistivity measurament and depth of investigation:
Apparent Resistivity and - Apparent Chargeahility. Concept of MNeoative Apparent Resistwity and Megative
Apparenl Chargoability: Thoory of Beciprocihy, Sourndivig amd Prohiling. Vorous electfeds arrangements,
application of linear Filter theory, Saunding curvas over multi-layered earth, Dar-Zarrouk paramaters reduction
of layers, Triangle of anisotropy, intarpretation of resistivity field data, Principles of squivalence =nd
suppression, self-potential method and its griginc Blactrical Resitinty Tomography [ERT), Induced polarzation.
time and frocuency domam 1P messurements: mierpretation and applications of SB resistivity and [P data
wats for ground-wator exploration. maneral exploration. environmental and enginbermg applications.

Elertromagnetic Matheds: Geo-slectromagnetic spectrum;-Biot Sawvart’s Law; Maxwell's Eguation, Helmgiz
Eguation. Basic concopt ef EM mduchon in the aarth, Skir-depth, slliptic polarizalion] w-phiase and quadraiure
components: phassr diagrams Response funclion and response paramaters; Ground and Airbornz Mothods,
mnnmmént: in different source-receiver conhiguraticns. Earth’s naturzal slectromagnetic metheds-1allurics,
geomagnetic depth sounding. and magnetotellurics; Electromagnetic profiling and Eﬂ-undmg, Time domam EM
method: EM scals modalbng, processing of EM datz and mterpretation: Ground Pﬂne;'tmtln-g Radar (GPRI
Methods: Effect of condutting ocverburden: (Geotogical application®s ' meluoding groundwater, minaral
environmental and hydrocarbon exploration. .
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Seinmic Methods: Elastic properties of earth matenals; Reflection: refraction and [OF surveys; land and marnne
saismic sourtas, generation and propagation of elaslic waves. velocily — depth models. geophenes.
hydrophones. digital recording systems. digital formats. field Isyouts. sammic naise and noize profile analysis.
aptimum geophona grouping nisise cancellation by shot and geophone arrays. 2D, 30 and AD seismic data.
:-zqu‘iﬁz_itiuﬁ_ ]:irl:l;ﬂ'iﬁtl‘!g and interpretation; CDP stacking charts, binning. fillermg. static and dynamic
corrections, Digptal seismic data proesssing. ssismic deconvaiution and mugration methods. attribute analysis.
bright and disn spols: seismic strafigraphy, high resellfion seismics. VSP. AYVD, muli-component saismics-and
saismic imerfarametry,

Hazoryoir Baophyeics Rock Phycics and Potrophycics Goaphysical Survey Desion

Goophysical Swgnal Procsssing: Sampling theorem, Wyguist frequancy aliosing Foumar ssfies, penodic
wavelorm, Fourier and Hitbert transform, Z-transform and wavelot transform; power specirum. detta funcbon,
aule correlabion, cross-commelation. convolution, deconvolution. prindiples of digital fillers; windows, poles-and
ZarEs.

Goaphysiczl Well Ldgging: Principles and lechnigoos of goophysical well-loggimg SP resicthaly. inductan.
gamma ray. neutron, density. sonic. tempersture. dip meter. caliper. nuclear magnelic resonance- longitudinal
and Iransverse relzxstion, CPMG iéq'um. ﬁ-ﬁmﬂtv characierization, cament bond logging, micro-logs. Pulsed
Neutron Devices and Spectroscopy Multi-Array and Triawal Induction Devices: Quantitative evaluation of
formations from well bogs! Eogning whibe driling: High anole and horzoots! wells: Clay Guantification; Lithology
and Porosity Estimation: Saturation and Permeability Estirmation: appheation of bore hole geophy=ics m ground
water, mineral and oil exploration.

Hadwactive Metheds: Prospacting and assaying of mmmeral {radioactive and nonsradiogchive) deposits. hiali-life.
deray constanl radigactive egquilibrium, G M counter, scintillation detactor, semiconductor devices application of
radiomairic for exploration. assaying and radiosctive waste disposal

Geophysical lhversion. Basic concepls of forward and inversa problems. |li-pesedniss of inverse problems.
condition number. non-uniguensss and stability of solutions L1 L2 and Lp norms. over determined.
underdetormined and mixed determined inverse prablems. quasi-inear and: non-linear methods including
Tikhonov's regularization method.-Singular Valus Bacomposition. Backus-Gilbert method. simulated annealing.
genatic slgonithms, swarm inteilioence, mactune learnmg and artiiicial newrzl networks, Statistics of meshit and
likaliheod, Bavesizn corstruction of postenior probabilities, sparsity promoting L] optimization. Ambiguity and
uncertainty m goophysica! inlerpratation



IN  Instrumentation Engineering

Soction 1: Engmesring Mathematics
Linear Algobra: Matn algebrs, systems of linear equations, consisiency and rank, Bigenvaloe and Bgenvectars:

Lalculie= Mean valuo thearoms. theorems of mtegral caleulus, partial dermmatives, maxma and minma. multple
infegrals, Fourigr senos, vactor dentrbes, line: surface -and: volume integrals. Stokes Gauss and Greasn's
thenrems.

Differeptizl Eouations: First order equation (linear and nonlinear), second order linear differential eguations
with constant coofhicionts, method of variation of parameters. (zlchy’s and Euler'=s oguzbionz imbal and
boundary value problams, solulion of partial differentizieguations: variable separable mathod.

Bnalysis of Complex Vanables: Analytic funchons, Cauchy's miegral theorem-and mtegral fermula: Taylor's and
Laurent's series, residue theorem solution of integrais.

Frobamiity and Statistos: Samphing theorems; conditional probability. mean, median, mede standard deviation
and vanmance random variables: discrate snd contmuous distribitions normal Poisson ard | Bindrmial
distributions

Numericsl Methods Matrin inversion, solutions of non-mear algebraiceguations, iierafive methods for sobang
diffdrantial equations. numerical integration. regrassion and correlation analysis.

Sechon Z: Eleclncity and Magnatism

Coulomb’s Law, Electric Field Intensity, Eleciric Flux Density, Gauss's Law. Uivergence, Electric field and
polentizl due to point. line. plane and spharicsl charge distributions. Effact of dielectric medium. Capacitance of
simple configurations, Biot-Savarts law, Ampere’'s law, Curl Faraday's law, Lorentz force. Inductance.
Magnetomobive force. Reluctance, Magnetc corcints, Self and Mutual inductance of simpie:configurations.

Section 3; Elestrncal Circuits and Machinas
Voltzge and Curronl Sources: Independent. dependent. ideal and praclical: v=irelationshps af resistor mouctor
mutual inductance and capacitor, transient analysis of BLEC circuits with de excitation.

Kirchotf's lews: mesh and nodal analysis, superpositon, Thevenm, Norton, maxmmum power transier and
reciprocity theorams.

Pazk- aversge- and rms values of AC quantibes; apparent-- active- and reactive powers: phasor analysis,
impedance and admitiance: series and parallel reconarce, lacus dizgrarm= roalization of Base Mters with B L
and C glament=z transisnt analy=ts of BLEC crmuits with 3o exeitation

(ne-port and two=-port nebtworks: driving pemt mpadance and admiitances, opey= and short cromt parameaiers

Single Phase Transformer: Equivalent circwit. phasar diagram. apen circuit and short circuit tests, regulation
and efficiency; Thres phaso mduction moters: principle of operation. fypes, porformance torguo-spead
tharactorisbes. no-lnad and blocked rotor fests. egowvalont croml sigrimg and speed control Types af Tosses

and efficieney caleulations of electric machmas

Sochion &: Signals and Systoms
Peripdic, apericdic and impulse !'..ignal.m Laplacs, Feifier and z-transforms, lensfar funciion, freglancy
response of first and secnd order lingar time imanant systems. impulse respanse of systems, @ivelution.
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correlation. Discreie time systerme impulse responss. [requency response, pulse transfer function; OFT and FFT;
basics of IR amd FR filtérs.

Section 5; Control Systems

Foadback principles, signal Mow graphs Yranswent response. stoady-siafe-grrors, Bado plot phass 3nd gam
margins. Reuth and Nyguist criteria. rool leo, design of lead, lag and lead-lag compensslors. stalespace
rn'pmsmt;tiﬁn of systems, timedelay sustems; mechanical ﬁrdr:u[il: and pneummatic ayziom componanis,
synchro pair. serve and stepper motors. servo valves: on-off, B Pl PID. cascade feod forward. and ratio
contrellers; tuning of PID controllers and sizing of control vatves.

Section & Analeg Electronics

Characteristics and applications of diode. Zenor dicde, BIT and MOSFET; small signal analysis of transistor
circuits. feadback amplifiers. Charactenstics of ideal and practical operatienal amplfiers: applications of
opamps: adder, sublractor, integrator. differantiator, difference amplifier, instrumentation amplifier, precision
rectifier, active fillers. oscillstors. signal generators. voliape controlled estillstors and phase lecked loap.
sources 3nd s¥fects of noise and interforence in electronic circuits. '

Seclion T7: Digital Eleclronics

Combimational legic circuits, minimization of Boclean functions. IC familiess TTL and CMGS. Arithmetic circults.
comparatars, Schmitt tripger, multswvibrators, sequential circuits, flipflaps, shift registers, timers and counters:
sample-and-hold orrcost, muttplexer, analog-te-dmital (secoosswe soproximatban, integeating, flash anc sigma-
dellal and digital-tc-analog converters (weighted R, B-2H ladder and current steering logich. Characterstics of
ADC and DAC (resolution. quantization. significant bits, conversion/setiling time). basics of number systems.
Embedded Systerm= Microprocessor and microcontrollar zpplications. mamory 2nd input-outputl interfacing.
kasics of datz acqunsition systems. basics of distributed conptral systems [MT5) and progrmammable logic
controliers (FLE)

Seclion & Measuramants

5} units. standards (R, L, C, voltage. current and frequency), systematic and randem grrors in measurement,
expression of uncertamty - accurzcy 2nd preczsion., pregagabon of errors, lingar and weighted regression.
Brdgas: Whealstone. Kelvin, Megohm. Maxwell. Anderson. Schering and Wien for measurement of R L. € and
frequency. O-meler. Mezsurament of veltzge currenl and power in-single and thres phase circuits, ac and de
rurrenl probes; true rme meters vallzge and current =ealing, instrument feosformers timer/eounter, ima.
phase and frequency measurements, digital woltmeter, dimtal multimater oscilloscope. shielding =nd
grounding,

Soction % Sensars and Industrial Instrumanltation

Rosistive, capacitive-, jnductive-, piezoelociric-, Hall offect sensors 2nd 2ssociated signal conditioning cirouits:
transducers for industnal instrumentation; displacemsnt (linear and angular), velocity. accelerstion, forre.
torgua. wibration, shock, preszure lincluding low pressurel, flow variable head. variable area, slectromagnalic.
ultra=zonit, turkine and opon channel flow mblore)l lemporalure (thermocoupls, bolometoe BTO 13/4 wirs)
thermisior, pyromater and somicanduciors; liguid level, pH, conductivity and v'i-scus'rly measurament. £-20 mA
two-wire fransmitter

Sechion 10: Communication and Optlical lnstrumentalion
Amplitude- and froguency madulation and demodulstian; Shannor's sampling theerem, pulse code medulation,
frequency and time division multiplesing, amplitude-, phass-, frequency-, quadrature amplitude. pulse shift
keying for digital modulation; aptical sources and detectors: LED laser. phote-diade. light dependont resistor.
square law detectars and ther characterstics: mterferomater: applications in metrology. basics of fiker optic
zancmg. UV-YTS Spectrophotometer= Mass speclirometer.

-
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MA  Mathematics

Calculis. Funciions of two or mose vanables. continuity, directional devivatives, partial derpeativas, total
dermvative, mamma and mimima, saddle point. mathed of Lagrange’s multipliors, Oouble and Triple ntegrals and
the:r applications to ares. volume and surface ares: Vector Calcuios gradwent. divergence and curl Line
intograls and Surface itegrals; Greon's theorem, Stokes” theoram: and Gauss divergence thoorsm.

Linear Algebra; Finite dimensionzl vector spaces over r=2l or complox fields; Linear transformations and ther
malny ropresoptations: rank and nullity. =ysome of ifear eguabons, charactonslic polynomiol eigen values
and eigen veclors, diagonalization, 'minimal polynomisl, Cayiey-Hamilton Thegrem, Fimite: dimansional inner
product spaces, Gram-Schmdt orthonormelization process, symmelric, si:é}w—ql'rnmn_h'ic, Hermitizn, skow-
Hermitian, normzl erthegans! and unitary matrices: disgomalization by = unitary matrix. Jordan cznonical form,
bilinear and quadratic forms.

Beal Analysis: Matric spaces, canpectadnass, compactness, complatoness, 59qumﬂ_5 and saries of funchions.
uniform convergence Ascolr-frzela theorern; Woiorstrass espprowmation theorem: contraction mapping
grinciple. Power series; Differentiation of funchons:of several vanables. inverse and Implicit function theorems:
Lebesgus messure on the keal line messurable Tunctions Lebesjue: integral Fatou's lemmia. mongtone
CONVEIgensce Ilmnnyn dominated convergence Il'ua-nrﬂm -

Complea &nalysis: Funchons of 2 complox vanablo: continty, differontiability,. analybe funciiens, harmonic
tunctions Complex integration: Cauchy’s integral thearam and formulz; Liouvills's theorem. maximum medulus
princfp-ln, Hﬂrﬁﬁ'_'. theoram; :E-H'-I"-EI'; and singularities. Power senes. radius of canvergance. Taylor's series and
Laurent’s series, Residuo thegrem and applications for evaluzting rezlintegrals Rouche’s theorem, .Argumnrnt
principls, Schwarz lemme: Conferma!l meppings, Mobius trassformations

Grdinary Diffesantial Eoustions: First ordar ardinary ditferentisl equations, sxistence and unigueness thoarems
for initizl value problems, limear ordinary differsntial eguations of higher order with constant coefficients:
Second order lmear ordinary differsntial eguations with varable coaffioents: Cauchy-Euler sguaton, method of
Laplaee transforms for solving ordimary differential cguations, serios solutions- (power cories, Frobenius
m:_ﬂhu-d'L Lagendre and Sessel functions and their arihngonal properties. Systems of finaar first erder ardinary
differential egustions. Sturm's oscillation and S-Ep;mlmrn thegrems, Stl.rrTn—L:wv:ils sigeralus problems.
Flanrar sutonemous systams of ordinary differentisl equstions: Stability of stabionary points for Linear systems
with constant roefficients, Linearored stability, Lyaounov funchaons.

Algebrz: Groups, subgroups, normal subgroups. quotient .groups, homomarphisms, sutomorphisms; cyclic
groups. parmutation groups. Sroup achion Sylow's {hecrems and ther applications: Rings. id=als, prime and
maximal idedls, guohernl anos umgque factorization domams. Primcmple ideal domains Buchdean domams,
polynemial Anos E:.enslnlh s Irreducthility [nln-rmn Fields finite fields, field extonsions, 3lgebraic extensions,
algabrzically closed Fialds

Fanctional Aralysls. Mormed linear-spaces, Banach spaces, Hahn-Banach theorsm. open mapping and closad
_graph thegrems, principle of uniform h-n-uﬂﬁ&dnuss Inner-produet spaces. Hilbert spaces arthonormal basas,
prajection theorem, Riesz represantabon thegrem. spectral theorem for compact self-adjoint operstors.

Numerizzl Analysis Systems of linoar equations: Direct methods (Gaussian elimination. LU decomposition,
Cholesky factorization), Herative methods (Gass-Seidel and Jacabi) =nd their convergence for disgonally
dommnant coefficient matrices; Numerical selutions of nonbinear eguations: bisection method. secant methad,
Nowion-Raphson method, foced pomt deration: Intsroolstion: Laoranpe and Mewton: forms o misspolztng
polynomisl Error in polynomisl interpolation of 2 function, Numarical differentiation and error, Numarical
integration: Trapazoidal and Simpson rules, Newtor-Cotes integration formulas. composite rules, mathematical
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arpors involved: inmumerical integration formulze; Numerncat sofuben of mmtat valve problems for ordinary
differantial equations: Methods of Euler, Bunge=Kutta methed of order 2.

Partzl Differentis| Egustion=s Method of charactenistics for first arder linear and guasilinear partial differential
wauatioss; Second order partis] diffsrential eguatone in two indepoendent vanables: elasshicabion and canomcal
termz. methdd of soparation of variables for Laolare equation in Earfesian and pelar coordinales hoal and
wave enuations in one space variable, Wave equation: Cauchy problem and dAlambert formula. domains of
dependence and influence. nor-homogenegus wave equation; Hoat equation: Cauchy problem; Laplace and
Founer transform methods.

Topelogy. Basic concepts of topology. bases. subbases. subspace topology, ardor topology. product topaloay.
quotent tapology. metric lopelegy, connectedness; compaciness. countabslity and separationaxioms; Urysahn's
Lemima

Linear Programmine Linear programming models convex sefs, exirome-pomnts; Basic feasible solubhon.
graptucal method, simplex methed: two ghase methods, revised smoplex method : Infeasibie and unboandad
Imear progeamiming models, altarnate opbima: Dualbity thedry, weak dustity and strong duality,-Balanced and
unbalanced tramsporisiion prn]}lﬂmﬁ. Initial basic feasible selulion of balanced transportstion probloms (least
cost methed, narth-west corner rule, Vogel's zpproximation method), Gptimal selution. modified distribution
method; Solving assignment prablems, Hungarian methad.



ME Mechanical Engineering

Soction 1: Engmesring Mathematics
Lirnear Algebra! Matrix algebra system= of inegr squations, eigen values and sigen vectors,

Calculus- Functions of single varniable. hmit, continuity and differentiabidity, mean valus theoroms, indoterminaie
forms: evalualion of defnite and wnproper misgrals: double and triple integrals: partal derivatives. total
derivative, Taylor-senes lin one apd twoe variables), maximz and minima, Fourer saries; gradient. divergence
and eurl, vecior identities, directional denvatives. ling, surface and wolume integrals, applications of Gauss,
Sigkes and Sreon's theorems. '

Differential Fquabone Frst ordsr equations [linear and nanlinear), higher order linpar differential eqguatiens
with constant eoefficients; Euler-Cauchy equation: initizl and beundary value problems: Laplace wansforms.
solutions of heat. wave and Laplace’s equations

Complex Variables Analytic functions, Cauchy-Riemann equations Cauchy’s integral theeram 2nd inteors|
formulz; Taylor and Laurent saries.

Brobability and Statistics Definitions of probability. sampling theoreme cenditional probability. mean. median,
made and standard devistion; random variables, binomial Poisson and normal distributions

Humerical Metheds: Numerical solutions of inear and nor-linear algebraic equations, integration by trapezoidal
and Simpson's rules; single 2nd mulh—"lep rnr_s’rhmis for differentizl sguations

Section Z; Applizd Mechanics and Design
Emgmesnng Machanics: Fres-hody diagrams and aguilibrom: frickar and = apobicatons inctoding rofling
inctivn. bBelt-pulley, brakes, clutches, screw jack. wedge, vehicles, ebe; trusses amd frames virtusl work,
kinematics and dynamics of naid bodios in plane motion: impulsa and momentum (linear and angular) and
anergy formilations, Lagrange’s equation.

Mechzfice of Materizle Strecs and sirain. elastic constants, Paisson's ratio: Mohr's cirele for plane strese and
plane strain; thin cylinders; stear force and bending momant dizgrams. bending 3nd shear streszes; cancept of
shear centre; deflection of beams; torsion of circular shafts, Euler's theory of columns: energy methods:
thermal stresses; strain gauges and rossbes; estng of matenals with universal testimg machime; testing of
hardnes< and mpact strength.

Theory of Machines: Bisplacement. velocity and acceleration analysis of plane mechanisms; dynamic analysis of
Imkages. cams; gedrs and gear lrams. flywhoels and governors: balancmo of reciprocabing and rolating
Ma5505 QyYroscope.

Vibmtions: Fres and forced whration of single degres of fresdom systems. effect of damping; wibration solsbon;
resgnancs. critical speads of shalts:

Machine Resign: Dasign for static and dynamic loading; faillure theories: faigue strangth-and the 5-N diagram:
principles of the decign of machme clemonts such a= bolled. rivoled and woldad joinls: cshafis gears rolling-and
sliding contact bearings. brakes and clutches, springs.

Section 3; Fluid Mechanies and Tharmal Scionces

Fluid Mechanics: Flmd propertes; floid statics. forces on submoergsd bodies, stability of fleatmg bodies; centrol-
volume -analysis of mass: momentem and anergy; Hluid sccelarstion; differentizl zguations of continuity 2nd
mamentum: Bemoulli's sguation: dimencional analysis; viscous Tlow of incompressible fluids boundary [aver
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stemantary turbuient tiow, flow throuoh pipes, head lvsses m pipes. bonds and fittings; basics of compressible
flind flow:

tizat Transior: Modes of heat transfer; ene dimensionat heat conduction. resistance concept -and slectrical
analogy, heat transfer through firs: unsteady heat conduction lumped parameter syslom. Haisler’s charts:
thesrmal boundsry layer, dimensianlzsx paramelocs i free 2nd foresd conveciivie haal transfer, hpal transfar
correlations for How over Hat plates and through pipes. sffedt of turbulence: heat exchanger parformance.
LMTD and NTU mothods; radiative heat transfer. Stefan- Boltzmann law, Wien's displacoment law. black and
grey surfaces. view factors, radiztion network analysis

Thermedynamics  Thermodynamic systoms and processes, proporhies of pure substances. behavior of ideal znd
rzal goses; zeroth and first laws of thermaodynamics, calculation of work and heat in vanous processes; sacond
taw of thermodynamics; thermodynarmuc property charts and: tables, availabilty and oreversibadity,
thermodyramic relations.

Applications: Powar Engingering; Air and gas Ccompressors; vapolr and gas power cyrips. concepts of
rogenorabion gnd reheal LC Emomes: Sr—standard Oite, Diesel and dual cycles. Rafmperation and an-
conditioning: Vapour and oas refrigeration and heat pump cycles; propertiss of most 3ir, prychrometric chart
basic psychrometric protesses. Turbomachinery: Impuise and reaction principles. veﬁﬁﬁly thagrams, Palton-
wheel, Francis and Kaplan turbines; steam and gas turbines.

Saoction &: Materials, Manufacturing and Indusirial Engmecring
Engmecnnp Matarals: Stroctire and properties of engmeenng materials, phasa diagrams, hogt treatment
stress-sitrain diagrams for angineering materials

Czsting. Formung and domiog Processos: Difersnt types:of castmos: design of patterms. mowids and corea:
solidification and cooling, riser and gating design. Plastic deformation and yield criteria. fundamentals of hot
and cold working processes, load estimation for bulk (forging, rolling, extrusion. drawing! and sheet {sheaning.
deep drawing. bending) metal forming processes. principles of pewder metalluray. Principles of welding
brazmng. seldening and adhesive bonding.

Machining and Machine Tool Ogerations Mechanics of machining, basic machine toeis. single and multi-paint
cufting tocls, toel geometry 2nd materals, tool Iife and wear. economics of machining: principles of non-
tradibonal machiming processes; principles of work holding, jigs and fixtures: abrasive machinmg processes:
MNC/CNC machimies and CNC programimma:

Metrolegy =nd Inspectionc Limits, fits and tolesances; linear and - angular measurements: comparators:
interferomatry. form and Fmish measuremeont alignment and teshng ‘methods: olerance: analysm in
manufacturing and assembly: concapis ol :uﬂrdinate—méta-jurin_g machine (CMM].

Computer Integrated Manofsciunog Basic concepts of CAD/CAM and their integrstion tools: additve
manufdziuring

Froduction Planning and Control Forecasting models, aogresste production planning, schaduling, matesals
reguiremen! planmng; lean manufacturmg.

Invontary Controt Dotermimstic medals: safaty stock mwventory contral systams.

Cperations Ressarch: Linsar grogramming. simplax rlmlhﬂﬂ, transportation sssgnment. network flow models,
simple guewing models. PEAT and CFM.



MN  Mining Engineering

“Section 1; Engineering Malbhematics
Lingar Algebrz: Matrices and Daterminants Inverse amd Hank of makris, Systems of linear equations; bigen
values and Eigen vectors. Cayley-Hamilton Theorem

Caleulus Limit. continuity and differantiability; Partial Derivatives; Mean value thearems, Indelerminate forme
and U Hospital's rule. Maxma and minima: Taylor's thesrem, Sequences and series; Test for convergence,
Fourer series.

Vactor Caleulus Gradient: Diveroenca and Curl Ling. surface and velume intearals, Stokes, Gauss and Green's
thearems

Differential Equatiens: Linear and nen-linear first order ODEs: Higher order linear ODEs with constant
cosfficients. Cauchy's and Eulsr’s egustions

Probability and Statistics: Measures of central lendoncy amd dispersiors hypothesis tesﬂng: Binomial Poissan.
exponantial and normal distributions; Correlation and rearession 2nalysis.

Numerical Mathods: Solutiohs of lingar Slgobraic eqguations, Interpolation: Intogration of Gapozoidal and
Simpeon's rule: Single and mullistap methods for differential equations.

Section Z: Mining Geology. Mine Devalopmont and Surveying
Mining S=oiogy; Minerals, Rocks and their Onein, Classification, Ore Genesis; Sirecteral Geoloay,

Mine. Development Methods of access 1o deposits, Underground drivages. Drilling methed and machines,
-Explosives -and ensorgetics; blasting devices. blast design practices; Rock-Tool Interactien - applicabls to
machamcal cutting systems and theirselachon,

Mina Surveying: Levols and levelling, theodolite; tacheometry, triangulation; Contouring: Errors and
sunstments; Coreslation; Underground surveying, Curves; Frologrammeiry; EOM, Toial Siation, GPS. Basics of
G1S and remnlo consmg.

Soction 3; Geomuchanics and Ground Cantral
Enginsering Mechanics: Equivalen force systems: Equations of emuilibrivm, Tweo dimensionmal frames =nd
trusses; Free body dizgrams; Friction forces; Particle kinematics and dynamics: B2am analysis.

GCoomechanics: Ges-tochmcal prmﬂjﬁ of rocks; Rock mass classification, Instrumentzbon and in-situ slress
measurement technigues, Theones of rock fallure; Ground wibrations: Strese distribution around mine
apomings! Subsidence; Stope stabibity.

Ground Control: Design of pillars; Roof suppariing. systems; Mine filling. Strata Control 2nd Monitoring Plan

Soction &: Mining Methods and Machinary

Mining Methods: Surface mining: layout. developmenl loading, fransporiation and mechanization eonfinuous
surface mining systems highwall mining, Underground coal mininghord and pillar systems. room and pillar
mining. langwall mining. thick seam mining mathods, Underground metal mining: open. supported and caved
staping methods. stope mechanization, ore handhng systems.



Miming Machinery: Generation and transmission of mechanical, hydraulic and: preemshic power; Matesals
hami[i.m,_;‘. wirs ropas, haulages. conwveyors, fage and developmenl machinery, hoisting syslems. pumps,
comminution methoeds and machinery.

Soction &: Surface Environment. Mine Veotilation and Underground Hazards
Surisce Epvironment: Air, water and so1l poliution; Standards of quality. causss and dispersion of contamination
and controf, Nois= pollution and control: Land reclamation, EIA

Mine Ventilabion: Underground atmosphore: Heat load sources and thermal envirenment. air eeoling: Mechanics
of airflow, distribulion; naturat and machanical ventilabon, Mine fans and usage, Awelary ventilation; Vontidation
survey and planning; Ventilation network=

Uncergroumd Hazards, Mine Easos: Methane dramage;: Undergroand hazards from fires, exptosions, dost and
imindations Rescue apparatus and praclices. ‘Safely management plan: Accidenl data analysm: assosoment
Mine lighting, Mine legislation, Jccupational health and safety

Suction &: Mineral Ecanemics. Mine Planning. Systems Enginesring
Mineral Economics; Mineral resource classification: Biscounted cash Hlow -analysis; Ming valuation; Mineral
taxabion.

Minz. Planming: Sampling. metheds, practices and miterpreiation: Resorve estimation techniques: Bamies of
goeosiatisfics and gqualdy contrel; Opbmization of facilify locabion: Mine - plannmg and its components,
Determinztion of mine size and mine life; Ultimate pit configuration and its defermination, Dptimum mill cut-off
grade and its determination. Stope planning. Design of haul rmad, Selection of mining system vis—=-vis
equipmant systom.

Sysiem= Enginesring Concepls of roliahility: Reliability of simple systomss Maintainability and| svailability;
Linear programming, transpertation and assignment problems, Netwerk analysis: Inventory models, Queuing
theary; Decision trees:



MT  Metallurgical Engineering

Section 1: Engineerning Mathamatics

Linear Algobra: Mairices and Determinants; Systemsiof linear equations. Eigen values and Eigen vectors
Caloulus: Linut Continuity and Difforentiability: Partial darnivatives; Maxima and mimima; Seguencos gnd samos:
Te=t for convergencs, Fourier zerios

Vactor Caltulys: Gradient: Divergence and Curl: Line. Surface and volume integrals. Stokes, Gsuss and Green's
thaarems

Uifferential Equations Limear and non-linesr first order. ODEs: Higher order bnear OOEs with constant
eoafhoients: Cauchy's and Euoler's equations: Laplace transforms: PDE= —aplsce. one dimen=onal heat and
whava equations.

Erobability and Siatistics Definitions of probability and =ampling theorams. conditional probability, Mean.
median. mode 2nd standard deviztion; Handom varables; Poiszon, normal and bmamial distnbutions; Analysis
of sxperimontal data, linear icast sguares mathod.

Nummericsl Methods: Solibins of linear and non-linear (Bisection, Secant. Newlon- Haphson mathodst algebeaic
squations. integration by trapezoidal and Simpsen's rule. single and mullistep methods for differential
equatinns.

Seciion 2: Metsliurgical Thermodynamics

Laws of Thermaodyramics: First 3w — eneroy consarvation.  Second law — éntropy;, Enthalpy, Gibhs and
Halmholtz free encrgy: Maxwells ralations: Chemical potential  Applizations 1o metallurgical systzmes.
solutions. idezl and regulsr salutions; Gibbs phase ruls. phase squilibria. binary pizse dagram and lever rule.
free-energy v compesition diagrams; Equilibnum constant. Activity. Ellingham and phase stability dizgrams.
Thermodynamics of pont defects, surfaces and mierfares. adsorption and segregabon phenomana.
Electrachemistry. Single electrode potential Electrochemical calls. Nernst equation. Potential-pH diagrams.

Section 3: Transpori Phenemena and Rals Processes

Momentum Transfer Cancept of wiscosity, shell balances. Bernoulli's equation, mechanical energy balance
squation, How pastplane surfaces and through pipes

Hoadl Fansfar Corduchion, Fourier’s Law, -0 steady stato conduction

Canvection Heat transfer coefficient relations for forced convection.

Gadiation Black body radition, Stefzn-Boltzman Law, Kirchhoff's Law

Mass Transfer: Diffusion and Fick's laws, Mass transter coetficiants.

timansional Analysis: Buckingharn B theorem, Signdicance of dimensionless numbers.

Basic Laws of Chemical Hinefics! First efder reaclions. meaction rate conastant, Arrenivs relation.
haterogansaus reactions. oxidation kineties,

Eiectrochemical Kinetics: Polarzation,

Saction &: Mineral Processing and Extractive Metallurgy

Comminuficn {gchnigses, Size classification. Flaotation, Gravity and olher mathods of minersl bensficiztion,
Agnlomeration sintering, pellatzzing and briquetting

Materizl and Ensrgy balonces in metallurgicsl processes: Principles and processss for the extraction of non-
ferrous metals — alpminum, coppar-and titanum.

lrom and Stes] Making: Matarial and heat balancesn biast furnace; Structure and properttes of slsgs and molien
zalts — basicity of slags - sulphids and phosphals capacity of slags, Production of metzllurgical coke. Other
metheds of iron making (COREX. MIDRE)

Fﬁi’nam Stesl Masking H::;rc oxygen furnace, process dynamics. oxidation reactions, alectric arc hurnace
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Szcondary Steel Maling: Ladle protess —demadation argon stirring, desulphunzaton, mochusien shape control,
principles of degassing methods: Basics of stainless steel manufacturing.

Continusus Casting Flud flow in the tundish and mould. heat transfer in the mould. segragatien, inclusion
control

Saction 5: Physical Metallurgy
Chemital Bending: lonic, covalent. metzllic, and secosdary bonding in maierials, Crysial structure of solids —
melals and alloys ionic and covalent solids and polymers.
¥-ray Diffraction. Brapg's Law, optical metallearaphy. principles of SEM fmEging.
Crystz! Imperfections: Pont: line and surface defacts; Caheront. seme—coherent and inecherent interfaces.
fhiffusion m Saolds: Biffusion equation. steady stzte and arror fupction solutions; Examples- homogenenization
and carburizstion; Kirkendall offect Uphill diffusior: Alemic modeis for interstitial and substitutionz] diffasion,
Dipe diffusion and grain boundary diffusian,
Bhasa Transtormatinn. Ij'ri'l.rfrig force, Homegenedus and helsrogensaus nucleation growth Kineties
Salidification in isemorphous; sutectic and peritectic systems, cast structures and macrosegregation, dendribic
sahdfication and constitutiona) supercooling coring and microsegregation
Solid—state Transformalions: Procipitation. spinoidal dacompesition. ordering. massive transformation.
discoptinuous pracipitstion, eutectoid transfarmation. diffusionless transformations. Pracipilate cearssning.
Gikhs-1homsan =ffezt
Principles of hest treatmsnt of stesis, TTT and CCT diagrams: Surfzte hardening trestments; Recovery
racrystzllizabion-and grain growth; Heat treatment of cast iron and abhmunium-alioys
Electronic. magnetic and optical propertics of materizls.

; E_asif: farms of commosian and iis ;ﬁ*g'mhﬁ-nn.

Soction & Mechanical Motailurgy

Stram tensor and stress tensor. Representatien: by Mohr's orcls, slasticity, shifiness and compliance tensor;
Yield critania. Plastic deformalicn by slipand twinning.

islocation Theary Edge. strew and mied dislocatians, source and multiplication of dislomstions. stress fields
around dislocations; Partial dislocations, drslecstion nteractions and reactions

Strongtnening Mechamesms:  Workfstran hardening, strengthening due fe grain boundaries, solid solution,
precipitation and disperson

Fracture behaviour, Griffith theary. linear elastic fracture mechanics, fracture toughness, fractography, ductile to
brittle fransitan

Fatigus: Cyzlic stress strain behawviour - low and high cycie fatigue. crack erowth. Mechanisms of high
temperature deformation and fatlure; creepand siress rupture. stress axponent and achivation enargy,

Soction 7: Manufacturing Processes

Metal Casting: Mould design mvalving fesding gating and risaring. casting practices, casting defecte

Hot, Warm and Cold Werkmo of Matals: Matal lerming — lundamentzls of metal lormipg processes of colling.
fargirg, extrusion, wire drawing and shest metal forming. defects in forming

Metzl Sinimg Principles of saldering, brazing: and welding: welding: mataflurgy dofects in welded jonts in
stogls and alummiom alloys.

Powder Metallurgy: production of powders. compaction and sinterng

Non-destructive Testing (NOTE Dye-penstranl ultrasonic. radiography, eddy currenl. acoustic emission and
magnetic particle inspaction methods

i



NM Naval Architecture and Marine Engineering

Soction 1; Engineenng Mathematics

Dotorminants and mairices, Systems of linear equations, Eigen values and aigen vestors. Functions, gradieni.
divergence, curl, chain rules, partial dervatives. directional denvatives, definite and indefinite integrals, line
surfzce aml volume mniegrais, theorems of Sickes, Gauss and Green. Linear, non-tinear, first.and higher order
ardinary and parbial diferantial equahons separatwn of vanahbles.

Laplace trapsférmation. analytical funciions of complex variables, Fourier series’ numerical methods for
differentiation and integration. complex analysis, pfnh;}illiw and siztistice '

Section 2 Applied Mechanics and Structures

Engirearing Mechanics: Fres—body didgrams and equilibrivoe trusses and Frames: virfual woerk; kinematics and
dynamics of particles and rigid bBodiec m plana motion; impul=o 3nd momeantum (lneas and angulari and energy
formulabions. '
Mechamee of Materals: Steesc and stram, elastic eonstants, Poisson's ratio: Mohe's cirele for plane stidse and
plane stram; shear force and bandma moment digrams; bending and shoar siresses: lorsion Bular s theary of
columns, énergy methods: theones and falure material tesbng mothods.

Vibrations: Fresand forced vibration of damped and undamoad systems, smole and mulh DOF sysinms.
Mactine Design: Deswgn for stabc and dynamic loading; Oesmon of machine elements soch-as shafts, gears.
roiling and shding contact bearings; Joining technigues such g5 Doltmg. riveting and walding:

Sechion 3: Fluid Machanice and Marina Hydradynamics

Fruid Mechanics: Fluitd properties, Auid staticz stability of flzaling bedies, Canservatian laws: Mass. momantum
and energy (Integral and differential form), Dimensional analysis and dymamic similarity, sourzes sinks,
doublsts, line vartex and their superpasition; Sloke's inlegral theorem, Generalised Barpoulli's equation.
sources; sinks, dipole. Flow with circulation. potential flow with rofaticnal symmietry, Hydrodynamical ift. Kulta=
Joukowski thooram Vortex molion—Fundamental eoncepts. vartex analogy to Bist-Savart's [aw, straight paraliol
vortex filamonts: vorten sheots. Vistous flow - Navier-Stokes equations, Coustie flow, Plane poisouille’ flow.
Equation of contimuity, Ecler's eguation. Bammoulli's equation, Viscous flow of meompressible fluids, slementary
turbutanl flow, bourdary layet: flow through pipes.

Boundary layver theory- Prandtis boundary layor squations, criterion for separation, Blasius =olution. Skm
friction, displascoment thickness momentum thichness, Turbulent boundary layver Boundary layer control
Airfoils= Lift. drag. orculation, pressurs distribution-theory-ol thin sercfoils, wing=sof mfinite-and frmte span.
circutation distribution, Cavitation. _

Vorticity and Kelvin's theorem, Potentiat flow theory, Sources -Sinks and Dooblets, hydrodynamic forces in
patential How TAlember's paradox; added-mass, sisnder-body theory. hydrodynamic mode! tesbng, scaling
l=ws. application of potental theory to surface waves, anergy transport. wave/body forces, hineanised theery of
liftting surfaces:

Seclion & Naval Architecture and Dcean Enginesring

Ship geametry and physical fundamentals - Archimedes' principle. buoyancy and weight of ship. laws of
flotation. hesl and trimy, stable and unsiable equibbrivm of ships, imporiance of-streamlined hull shape, ship
maln particulars, hydrostahe caleulations:

Stahility-and Trim of Ships: Statical stability al small anglesof kesl Inclining experiment.  Shift of certre of
gravily dup to addition or removal of mass, tramsverse movemenl of mass and effect Free surface effecl
Effect of suspended mass, Stabality at large angles of heel anole of lall curves of staheal stability, dynamical
stability, Frobabilistic and determimistic Damage Siability Differeni Charactershic cunves of dynamic siability.
Fleodabio lanath calculabions and corves Loss ol statility dup lo grovnding: docking stabiityl

Hesmtanoe ant Proputsion: Components of ship resistance, form factor hull rouchress, model feshing and ship
resisiance prediction methods. tank wall effects. determmation of ship resstance different senes test rosulis
resistance of advanced wehictes appondage and added resistance Geometry of screw propellor. propalier
thanmes. huli-propetier interactions, different propulsive sfficiency definitions: Propatler cawitation and efscis
Propeller design and seres: Dpen watsr and self-propulsion medel tasts, Gifferant types of propellers and their
working principies: Propeller materal, strength and manufactenng Unconventional prapellers.
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Ship Manoeuvnng and Mobons: Ship path keeping and changing: squatons: of motion. Lineansed equations and
control fixed stahility indexes, model iests Stzbility and control in the horizontal and vertical planes— definitive
manteuvras and se3 trials. Rudder hydrodynamics, desion and operation. Influsnes of propeller. huil
appendages stc. on rudder periormance. Experimenial methods for the determination of hydrodynamie
dernvatives.

Oeean waves — reaular irregular trochodal. Wave spectrum, sncounter freguency. Typss: af ship motions:
coupled and nor-coupled motions, equations of motion. Oynamic effects af-ship metion in seaway. Different ship
maotion stabilisers — passve-and active, Different numerical and gxperimental methods to determine ship
mations — stnp theary. BEM_ FEM. Seakeoping features of hugh-porformance marme wehicles.

Ship Struciores 2nd Strength: Shipbuilding matarals, joining technigues. ship structural and framing systems -
bottom, side, deck, bulkhead, end structurss, and structural nnedtions. Primary and secondary structural
members, Supin’rstruﬂura, tatch cavers, m;l:'hll'rﬂ foundations, carge handling systems and suppor
structures

Laads scting on ships i seawsy, longitudinal and transverse strength considerations and estimation methods
Strenath of hull girder, stiffenad plate anatysis tor=ion of hull girder, daformation and strasses, local strength
analysis: Reliability analysis and ultimate strength of hull girder, structural vibrations, fatigus and fracture.
Phwsical Dveq ﬁagr-lphv Physical properiies of seawater, Different types of ocesn waves - fides and wind waves,
and thesr |rnpn_|1;mr_n Dffhore Structyres Fived offshara plaliurms Jackeis Gravity platiorms; Floating
platforms - semi-submersibles, jack-ups TLPz FPSOs Meaoring. siation keeping Porl and Harbour Enginearing:
Ports and Harbours. Port structures - Jetties Dalphins. Liguid berths. Oredaing, Navigation.

Section 5; Thermodynamics and Marnine Enginesring

Thermedynzmics: First Law of thermodynamics - Closed system undargoing 2 cycles closed system undergaing
a change of state; Intarnal energy of 3 system; Expansion work; Process using ideal gas - constant pressure.
constant volume, sothermal; adizbatic and polytropic process -work dene and heat added in different process:
First law 2pplied to one - dimensional steady flow process, flow energy, steady flow 2nergy equation {103
Serond Baw of Thermodynamics - Difforent statements; Reversible and rraversible prozess; Corollaries of
zacand law - Absalute temperaturs scala, Carnal cyrle - Carmet engine. r=fmperator and heat pump Clausius
imegquality. and defimition ol entropy, change of entrapy of an id=al gas. Gas power cycles =nd | CEngines: Gas
power cycles: Carnet cyclo, Brayton cycle, Erricson cytle, Steriing cycie otc: Air standard cycles- Dito- Oiosal
Dual and Joule cycle: Evaluation of therma! efficivncy and mean offective pressure; Intermial Combustion enaine
- Classificafion of LC enpines -Principle of aperation of spark Igniton. and Compression lgnition engines both
two stroke and Four stroke: Stages of combustion in 'S and Cl, enaines, Knocking and defonation-factors
cantrolling knock and dalanstion. methods of preventing Knackma and datanation: Refrigeration - principle of
oporation af Simple vapour compression systom, Comparison with vapour compression sysiems. Mur
conditianing principles — Sensible heatina and cocling, Humidificzbion and dehumidification. Cooling ind
humidification, Ceoling and dehumidification- Heating and humidification. Heating and debumnidification.
Adizbatic mixing of air streams—cooling and heating lead caloulstion

Maring heesl Engines. General engine principles, Low spead and medium spoed dinsel engirnes, Twe and Four
sfroke: angines; Scavenging and turbe charging. Foel oil system Lubricating oil systems. cooling systams,
torque and powsr measuremiénl. Starting air systems and reversing systéms: confrols and salely devices.
Couplings and Gearboxes. Specific Fuel Conzumphion. Waste hoal recovary system, MARPOL regulations and
Encrgy Efficionty Dasign ndex (EEDN, Ship Encroy Effciancy Management Plan [SEEMPL.

Marine Steam Turbines: Types of tirbmes: compeounding. reheal lurbine construchion, rotors, blades casing
Gland =ealing. diaphradms= nizzles bearings etc. Lubrication systams expansion arrangemenis, Geanngs.
Manina gas twripes = fundamenials of 5.7, Structure of gas furbimes, gearng; operabional featurss. controls,
combined cycles Muclaar propulsion —physical principies of the:operation of nuclzar reactors —use of nuclsar
proputsion on seagoing vessets. Electrical Propulsion,

Mazrine Boilers: Types - fire tube watar tubs boilers, Package boilers. Cochran Boilers. Compasite boilers. steam
to steam generators. double evaporation boilers. exhaust gas heat sxchangers auxibary steam plant systems.
exhaust gas boilers. compasite boflers. Boler mounting, combustion, feed systom, fesd water treatment

Engine Bynamics: Tﬁr&mreﬂ vibeation of engine and shatting, axaal shaft wibration, ontical spesds, angine rating,
r2ting corrections, frial tests et Relabionship of engine to the propeller classification soowety rules on engine
canstruction. Engme ream arrzngement. Automabion of ship propulsion plants. Mamtanance requinements and
reliabality of propulsien plants
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Marme Avmhary Machmery & Systems: Dhfferent types of pumps and ppimg systems in:shps = hot wabar
drinkimg water, cooling water and seawates, fusl ol sysioms, ubncabmg ol system fifkers coolers, centrfuges,
purifiers and clarfiers, bilge and baltzst systoms. sewegs dispozal, oily water sopsrator, 3ir COMPressors.
boilers. heat axchangers. waste heat recovery systems: Heat. ventilation and air cenditioning systams; Tlach

machmery and cargo handbing systems; Fropulsions ang steonng gear systoms:



PE  Petroleum Engineering

Linear Algebra; Matnix algebra, Systems of limear pguations, BErgen values and sigen veciors

Calcuius Fim-:hu-rm of mingte vanabla. Limat continuity and differenitability. Tavlorserios, Mean vaiue theorems.
Evaluation of definite and improper integrals. Partial derivatives, Totsl derivative. Maxtima and minima, Gradient.
Divergence and Curl. Vector identitios, Directional derivatives. Line, Surface and Velume intograle Stokes. Gauss
and Gresn's theor=ms.

Differential Equations’ First order aquations (lingar and nonlinear). Higher arder linear differential equations
with constant coefficients, Cauchy's and Euler's equations, Initial and boundary value probloms, Laplace
transforms, Solutions of one dimeasianal heat end wave equations and Laplace equation

Enm;i‘.n._r: Vanables Complex number, polar form of complex number, tniangle inequality.

Probability and Stabstxs: Defration= af probability and sampling theorames. Condibonal probabifity, Mean
median, mpda and standard devialion, Randam variables Poisson, Normal and Binamial disiributions Linear
r=gression analysis

Numerical Mathods: Numerical soluticres of Unear and nof-linear algebraic equalions. Integration by rapezoidal
and Simpson's rule. Single and multi-step methods for numerical selution of differential equation=

Potroleum Explorslinn Classification and deszription of some common rocks with special reforence to clastic
and nanclaslic reserveir recks. Origin, migr=tien and accumulation of Betrolzum.  Petreleum exploration
metheds

(il 2nd Gas= Wall Drilling Technolagy Well planning. Brilling methad Orilling rigs Rig eperating sysiems_Drilling
fluids function and properties. Drilling fluid maintenance equipment. Ol & gas well cementing opsrations. Orill
bit types end their applications. Drill string & Casing string function. operations. selection & design Drilling
problems. their control & remedies. Directional drilling teols. Birectional survey, Applcation of horizontal
multilateral sstended reach, shim wells.

Reservoir Enginssnng Pstrophysical properiies of meservoir rocks. Conng and cere analysis: Reservorr flud
properties. Phass behawour of hydrocarbon system, Bow of flunds throegh porous media Water and gas coning
Roservoir pressure messurements. Reservoir drives, drive mechanics and recovery factors. Hesorve estimation
& technigues

Potroloum Production Oparatione Well eguipmenis. Well complation technigies. Well production problesms and
mitigation. Wall sarvicing & Workaver operstions. Workover & completion fluids. Formation damage Well
stirnilation technique= Arfificial IR techmigues Fi_e!d processing of ol &.g== Stor=ge =nd t=nsportation of
petroloum and petroleum products. Metering 2nd measurements oil & gas Production system znzlysis &
optimizaticn. Production testing, Muitiphase flow m tubing and How-lines Nodal systom analysis: Pressure
vessals storage lanks shell and tubs haat exchangers. pumps and comprissors, LNG value chain.

[Hfshor= Dnllng end Production Prachices: Offshore oil and gas opershons & ocean environmant: Offshore fixed
platiorms_0OHzhoro mobile units: Siabon keoping mothods like mogrmg & dynamic pesitionimg system. Offskore
drilling From fixed platform. jack-up. ships and semisubmarsiblas. Use of conduclors and risers. OHshore wall
complatioh Deep watar applications af subsaa technology. Offshare preductian: il processing platforms, water
injection platforms. storage. SPM and SBM transpartation and utilities. Doep water drilling rig. Deep water
production system. Emarging desp water technologias

i



Potroleum Formation Bvaluation Evaluatinn of pefrophysical of sub-surfare formabions: Prmoiples spphcatans,
advantages and disadvantages of SP redlstivity, radicactive, acoustic loas and types of tools Ueed. Evalaation of
COL/VOL USIT. SFT, RFT. Production logging tooks, principles. limitations 2nd =pplications. Special type of
legging tooks. Casing inspection tools (principles. applications and imitations), Formations micro scanner (FMS),
NMR loggng pri'rﬁpl,ni Standard log interpratation methods. Cross-plottmg methods

Oil and Gas Well Testing; Diffusivity equation, derivation & solutions. Radius of investigation. Principle of
superposition, Horner’s approximation. Orill Stam Testing. Pressure Transient Tests: Drawdown. and bulld up-
test anzlysis. Wellbors sffects: Multilayer reservairs. Injection wall testimg. Mulliple well testing. Interfersnce
testma. Pulse testma. wetl-test analysie by U=se af type curves. Gazwall testing.

Haslth Ssfety and Environment i Patrolesm Industry; Heslth hazards in Petroleum Industry; Toxicity
Physiological, Asphyxiatinon, resoiratory and skin gffect of petreleum hydrocarbons; sour gases. Safsty Sysfem
Manual & automatic shutdown s¥stem. blow down-svstems. Gas detection system Fire deteciion and
suppression systems Personal prolection system & messures. HSE Policies, Disaster & crisis management in
Potroloum Industry Environmant Ervironmant cancepts, impast onsce-system, air w;_l:n-r'am! soil. The impact
af drilling & preducton opershions on envirgnment, Environments] frensport of peiroleym wastes, Ofishore
snviranmental studies. Offshore ol spill and o:f spill control. Wasie treatment methods:

Enhancad Oil Recovery Techniques: Basic principles and mechamsm of EOR. Screening of EDR process. Cancept
of pattern flooding, recovery efficiency, permesbilily heterogenetty. Macrosoopic and microscopic dispiacament
sthciancy EOR methods Chemical Rooding. Miscible flooding, Therrmal recoverias [steam shmulation: bot water
& steam fiooding, in-situ combustion), Microbial ECR.

Lslest Trends in Petroleum Engmeenng: Coal bod methane shals.gasioil =hale, gas hydrate, dand heavy oil



PH Physics

Soction 1; Mathamatical Physics

Vector Calculus Linzar vertor space. basis, orthogonality and completeness. matmices: similarity
transformations. dizgonabization. sigen valuss and =impen vectors: Uinear differentisl equations: second order
linear diffsrential sguations and solubions imvolving special funchons: complex analysis: Cauchy-Riemann
conditiors. Cauchy's tieorem. singuiarities. residue theorem amd applications; Laplace iransformu Fourner
analysis: elemantary ideas about lensors covanant and contravanant lersors

Sechion 2: Classical Mechanics

Lagrangizn Farmulatien: DAlembert's principle. Euler-Lagrange equalion. Hamiltons principle, calculus of
waristions, symmetry =nd conservation Baws. central force motion: Kepler problem and Rutherford scattering.
small o=cillations: I;{].I.tﬂll!d oscillations and normal modes; rgid 'imd.yr dynamics. mtenaz tenser, erthogonal
transformations. Euler angltes. Torgue free- motion of 2 symmstnc top, Hamittonian and Hamilion's eguations of
mobion: Lisuwlle’s theerem: canonical fronsformatons: action-angle: vamables Poizson brackots, Hamilkan=
Jacehi sgquation

Special Theory af Refatiwity: Lorentr transformations, ratativistic kinematics, mass-energy equivaienca.

“Segclion 3: Elactramagnetic Theory

Solutinns of elecirostatic and magnetostatic preblems including boundary value problems, method of images;
saparation of warisbles; dielecirics and conducters; magnetic materials, multipels expansion; Mazwell's
equaticns; scalar and vector potentials; Coulomb and Lorentz gauges; eloctromagnelic waves in free space,
nom-conducting and conducting medm; reflechon and transmission al normal and obligue mowdences:
polarizatiocn of electromagnetic waves;, Poynling wvector, Povnting thesrem, emargy and momenium of
slectromagnetic waves radiztion from 2 maving charge .

Soction &: Quantum Mechanics

Postulates of quantum mechanics: uncertamty prnciple: Schredinger equation: Birac Bra-Ket notzhon, linear
vectors and operators in Hilbert space; one dimensicnzl potentials: step potential fimite rectangular weil
tunneling from 3 potential Barmes, pacticte in'a box, harmoeme o=cillator; bwo and three dimensional systemas:
concepl of deganoracy; hydroges dtom angular momentum and spin; addition of Zagular moments variational
mathod and WKE zpproximation. time independent perturbation theary, elementary scattering theory. Born
approvimation: symmetries m guanium mechanical systems.

Section & Thermodynamics and Statistical Physics

Laws of thermodynamics, macrostales and microstates. phase space; ensembles, partition function. fres
anergy. caiculation of thermodynamic quantities; classical and quantum statistics: degenerate Form) gas; black
body: radiation and Planck’s distnbution law,; Boss-Einstetn condensston: first and sscond erder: phase
transitions: phase squilibna: critical point.

Soction & Atomic and Melecular Physics

Spocira of ano-and many-tlectroh atoms: spin-ortt interacion: LS and || couplings: fing and hyperfing
siructures. Zeeman and Siark affecis; elacinic dipole transitions and selaction rules, rotational and vilwational
specire of distomic mnln-tul_e_'.; El!.!-s."lﬁ'minﬁ transitions in diaiomic molecules, Franck-Condon principle; Raman
sffect: EFH. NMR. ESR. X-r=y spectra; lasers. Einstein cactficients. population mversion. two and three lavel
systams



Seciion T: Solid State Physics

Etaments of crysisllography, diffraction methods for -struclure determination: boriding in selids: lasttice
vibrations and thermal propertizs of solids: fras eleciron theory: band theory of solids: nearly free eloctron and
tight binding modais; metals. semicondimtors and insulztors; conductivity, mobility and offective mass; Optical
prumrjh;!i of solids; Kramer's-Kroneg relation, mira- end mter-band transitions: diclectric properties of solid:
dietactric function, polanzatibity, ferroelectnoty; magnetc properties of salids; dia. para; lerro, antiferre and
ferrr-magnetism. domains and magnetic anisatropy, suparcenductivily. Typed and Type || superconduciars.
Meissnar effect. Londsn equation. BES Theory. flux quantization

"Seclion 8: Elactronics
Samiconductors in Eguifibrium Electron and hole siatistics in infrinsic. and extrinsic semiconduciors, matal-
samiconductor unctions, Ohmic and r@rhfrmg contacts, PN dicdes. bipolar junchon transisiors, field effect
fransisiors: negetive and posthive feadback ciromts; oscillztors. operabonal amplifiors, sotie filtors: basics of
digital lomt circuite combinatioral and =zequentizl ereiits. Mip-fops, mars, counters registers. /M0 and D/A
conersan,

Sechion ¥ Nuclear and Parbicle Physics

Nuclear radii and charge distributions nucdlear hinding energy, elaciric and magnelic mements semi-=mpirical
mazs= formula; nuclear models; Lquid drop model, nuglaar shell modal: nuglear force and two nucleon problem,
alphs decay, beta-decay slectromagnetic fransitions m nucler Rutherford scattormg, nuclear reactions,
conservation laws: fismon and fesion) parbcle accelerators and deteclors: elementary particlas; photans.
Baryons, mesans and leptens: guark model: conssrvaton law= isospm svmmelry, charpe conpgation, patiy
and time-reversz| invariance -



Pl Production and Industrial Engineering

Section 1; Engineening Mathomatics

Limear Algsbra: Mabrix algebra. Systems of linear equations, Eigen valuec and Emgen vectors

Calculus Funchions of single varzble, Lt confinuity and differentisbiliy. Mean value theorams. Evalestion of
definit= ond improper integrals. Parbal derivabwes, Total denvative. Maxima and munma, Gradienl, Divergentce
and Curl Voctor identities. Directlivnal derivatives: Lise, Surface and Velume integrals: Siokes. Gauss and
Green's theorams.

Differantial Equabtons: First order egoetions (linear and nonlmear). Higher arder linear diffarential equations
with constant coefficients, Cauchy’s and Euler's squations. Initial-and boundary value probloms. Laplace
transforms.

Comiples Varizble= 4nalytic functions, Cauchy’s integral theorzem. Tayler serigs.

Probakility antd Stalistics Definitions of probability and sampling_ thesrems. Conditional probability. Mean.
median. mede and standard dewation, Linear regression. Handom variables Pojsson. normal binomial and
exponantizl distmbutions.

Kumsrical Meithods: Numencal solutions. of linoar and nonlinedr algebraic equations, Intogration by trapezoudal
and Simpsan’s rules, Single and multi-step methads for differential equations

Section 2: Goneral Engineering

Enginzening Mztenzls: Structure, physical and mechamical properties, a2nd apphcations of common engimesning
materials (melals and alloys, semiconduciors, coramcs, polymers, and composttes: = metal. potymier and
coramic basad); lmn-tarbon equilibrium phase diagram: Heal teatment of metals and alloys and its influence
an machanical properiies, Stress-sirain behavior of metals and alloys

Applied Mechanics Enginesring mechanits — squivalent force systems, fres body comcepls, equations of
equilibrium: Trusses: Sirength of materals — stress. stram and ther relstionship; Faiture theones: Mohr's circle
[stress), Detlaction of beams, bending and shear siresses; Euler’s thesry of cofumns; Theck and thin cylinders:
Taorsion

Theory of Machines and Design: Analysis of planar mechanisms, cams and followars, Governors and fly whesis,
Desion of bolled. riveted and welded pints; Interforoncesshrnk fit joints; Friction 2nd lubrication, Design of
shafls, keys. couplings, spur-gears. balt drives, brakes and clutehes; Prossurs yvessals

Thermai and Fludds Engmwermg: Flud mechamcs— Hud statics, Bernoutl's sguation, flow throogh mpes.
laminar and turbulenl flows; equations of continuity and momenlum, capllisry action: Dimensional analysis,
Thermnd;rnem'rlﬂ zecath, ﬂ";l and setond laws of thermodynamits, thermedynamic systems and procoszes,
eafculation of work and heat for systems and control volumss;, Air standard oyclas Heat transfor — bamic
applicstions of conduchion, convection and radiaton.

Sechon 3: Manufacturing Processes [

Casting Types of casting processes and applications. Sand casting patterns — types malerials and allowances,
molds =nd cores—materials. making, and testing, design of gating system and riser; casting techmiques of cast
iron. steels, and nonferrous metals and alloys; anatysis of solidification and microstructars development: Other
casting techniques: Pressure div casting. Centrifugal casting. Investment casting, Shell mold casting: Casting
defecis and thoir mepaction by non-desiructive tostmg

Metzl Forming Stress—sirain relations in elastic and plastic defarmation; von Mises and Tresca yield criterin
Concept of fiow stress; Hot. warm and cold working, Bulk forming processas — forging, rolling, extrusion =nd
wire drawmng: Sheet metal working processes — blanking. penching, banding, stretch forming. spinning and deep
drawmg; [deat work and slab analysis] Detects i metz] workimg and theircauses

Joining of Materials: Classilication of jaining processes: Pringiples of lusion welding procassas wsing differant
heat souress (flame, arc, resistance. laser slectron beam). Heat franster and asseciated losses Are welding
processes - SMAW, GMAW, GTAW, plasm= arc. submerged arc welding processes. Principles of solid state



welding processes - fnichon welding, frichan stir welding, wltrasomc welding, Welding defects - causes and
inspaction. Pranciplesof adhesive joining. brazing and soldenng processas.

Powdsor Procossing: Preduction of metal/cersmic powdars, compaclion and sintering. of metals 2pd ceramic
powdars, Cald and hot isostatic pressing.

Polymers and Compostos Polymer processng — myection. compression and blow molding. estrusmn.
calendaring and thefrooformuipg: Molding of compesitas.

Seclion &: Manulfacturing Processes ||

Mzchining: Drthagonal and oblique machining, Eihgle peinl cuiting tool amd teel sianzure. Chip formatan.
cutting forces, Merchant's analysis. Specific cufting anergy.and power;  Machining parameters and matarial
removal rate; toel matenals. Teel wear-and tool lifz; Thermal aspects of machining. cutiing Huids. machinability;
Economics of machimng: Machming processec = tirming. taper turning, throad cothng. drillmg. bonng. millma
gear cutting, thread preduction: Finishing processes —grinding. haning. [apping and zuper-finishing '

Machine Tools: Lathe. milling, drilling and shaning machines — construction and kinematics. Jigs and fixturas —
principles, apphications, and deswan.

Advasnced Manufaoiuring: Principles and applications of USM, AJM. WIM, AWM. EOM and Wire EOM. LEM. EBM.
PAM. CHM. ECM: Effecl of procoss parameters on material removal mle surface roughness and cower
consumption. Additive manufacturing techniques

Computer Integrated Manufacturing: Basic canceris of CAD 2nd CAM, Gaomatric modeling, CNC: Automation in
Manyfacturing, Industrial Robots— configurabons, drives and controls, Collear manufacturing and FMS - Group
Technology, CAPH

“Section 5: Quality a2nd Reliabhility

Metrolegy and Inspesticn. Accuracy and precision; Types of errors; Limits, fits and tolerances, Gauge design.
ln'tﬂrdmn'g}ihil'r{'r{ Selertive T=sembly, Lii'le_.;r, zlm_n_.tlm:: and form messurements (stamghtness, Aatness,
roundness, runoui and oylindncityl by mechanical 2nd eplical methods: Inspection of screw threads and goars;
Surface roughtiess measurement by contact and non-coniacl methads:

hiality Marizgament' Ouality — corcept and costs: Stalistical qeabily eontrol — process capability analysis.
control charts For variables and stiributes and aczeptanca sampling: Six sioma: Total quality management
Qusality assurznce and certification - 150 9000, 15014000

Ralizbility and Mamtenance: Relizbility, availability and maintainatility; Distnbubion of failure and repair times;
Detarmmnation of MTBF and MTTH. Ralisbility 'models: Determination ol system relizbility: Freventive and
predictive mainiapance and replacement. Tolal productive maintenance.

Sechion & Industrial Enginesring

Product Design -and Devslopmont. Principles of product design, tolerance design: Quality and cost
considerations; Predoct fife cycle: ‘Standardization. simplification. diversification: Valoe angmesning and
aralysis, Concurment enginesring: Design for "X,

Wark System Deslgn Taylor's scieplific management. Gilhraths's contributions; Productvity — concepts and
measuroments: Method study. Micro-mation study, Principles of motion economy; Work measuremant — time
study, Work sampling; Standard data, PMTS; Ergonomics; Job evaluatiop and merit rating

Facility Desmn: Facility location factors -and avaluation of alternate locaboms; Types of plant layoot and their
evaluation Computer alded yout dﬁ;‘l_]i‘l technigues, Assembly line balancing Materials handling systems.



Seciion T: Operations research and Operations mapagemant

[paration Ressarch: Linear programming — problem formulalion, simples method. duslity and sensitivity
analysis. Transporiztion and sssignment maodels |nteger programming: Constrained and unconsirained
nonlinear optimization, Markavizn gueuing medels: Simulation — manufacturing applications.

Engineenng Economy and Cesting Elomentary cost accounting and methods of depreciation; Break-even
analysis. fechmgoes for evaluatmn of capital mvestments; Financal statemanis; Activity basaed costing
Production’ Comtrol: Forecasting technigues — causal amd time sares models. moving average, exponeantial
smazthing. trend 2nd sezsonality, Agaregzle production planning Master production sdmdulmg. MBED  MEP-)|
and I;ng; Routing. scheduling =nd prigrity dispatching: Push and pull production systems. rﬁn_qpi: of Le=n =nd
M7 manpufactuning systems; Logistics, distribution, and supply chain managsment Inventery = functions. costs.
classificabions, deterministic inventory models. guantity discount; Perpetual and pempdic mventory confrol
systoms.

Biaject Management' Sthoduling techniques — Gantt charl, CPM, BERT and GERT



ST  Statistics

Caleuliss. “Finite. countable and uncountable s=ats: Real number system as a complele ordersd field,
Archimedean property; Seguences of real numl}nrs_ canvergence of sequences, bounded sequences, mopotonic
ssquencas, Cauchy crifencn for copvergence! -Senes -of resl mumbers. convercence, iests of convergenes,
altormahng series. absslute and conditional conviergonce-Power senies and radiis of convergance: Functions of
a rzal variable: Limil cantinuity, monatene functions, uniform continuity, differentiahbility. Rollz’s theorem. mean
walue thearems, Taylor's theorem. U'Hospital rules, maxims and minima. Riermann integration and its properties.
impreper integrals; Functions of several real varabless Limit continuity. partial derwatives, directional
derivatives, gradient. Tavior's theorem. toial dervative, maxima and munmma, saddbe point. method of Legrange
mulhipliors. double and triple mtogeals snd their applications.

Matrix Theary: Subspaces of B and L™ span, Unsar indepandence, basis and dimension, row space angd column
space of 2 matrog, rank and nullty, row reduded echelon form. trace and determimant myverse dof 2 matroc
systems of linear equations Inner products in K" and L™, Gram-Schmidt arthonarmalization, Eigen values and
eigen vectars. charactoristic polynomial Cayley-Hamilton theorom. symmetric, skew-symmetric, Hermitian.
skew-Harmitian. orthogonal unitzry matrices and their aigan values, change of basiz mainx, eguivalonce and
similarty, dogonalizability, positive definite and pgositive semi-dafinite matrices and their properhes. guadralic
forms-sinaular value decomposition.

Frabability: Axomatic defimition of probabitity, properties of probability funchon, conditionat probability. Bayes'
thegrem, independence of svents. Random wvarables and their distributions, distribution function: probability
mass function, probability density function and their properties. expedialion. mements and momerit generating
function, guantiles, distribution of functions of 2 random variable, Chebyshew. Markov and lensen inequalities.

Standard Discrete zad Continuous Univarate Distributions: Barnoulll binosmial goometric. negative bipomial
hypergeometric, discrete uniform, Poisson. canlinuous uniform, expanential, gamma. bets, Weibull, normal.

Jointly distributed random variables and thoir disfribution functions. probability mass function. probability
density funclisn and their properties. marginal and conditional distributions: conditional expaciabion and
moments, prodict rrrumﬂ'n'l_ﬁ. simple correlation coeffitient jaim! ‘moment 'QET‘EI'EI'I'I"!Q function, mdependence of
random vartables, functions of rendom vector and their distnbutions, distnbutions of order statistes. joint 2nd
margmz| distribitions of ‘order statistics: multinomial distribution. bivanate: narmal distnbution, sampling
distributions: cenfral. chi-square, ceniral 1, and ceniral F distributions:

Convergence In:distribution. convargence in probability, convergence almost surely, convergoncean =th mesan
and ther inter-relatens. Sluisky’s lemma, Borel-Cantelli lemima: weak and strong laws of large numbers:
zentral limit thearem for iid randem variables delia method

Stachastic Protesses Markoy chaine with hinite and countablo sigte space. cldscification of statos. [iertmig
behaviour of restep transitioh probabilibss, siatiorary disiribution. Polsson process. birth-and-death process,
purebirth _r.irnci!:;_i pun;-—de_alh pracess, Brownian moiinn and its basic proparties

Estimiation: Sufficiency, minmeal sufficiency. factonzation theorem, completeness, complotaness of sxponential
tamilies ancillary statistic Basu's theorsm and its applications. unbiasad sstimation, uniformly minmum
variznce Unbizsed estimation, Rao-Blackwell theorem Lehmann-Scheffe theotem, Cramor-Bao inequality,
cansistent estimators. method of moments estimators, method of mammom likeliheed estimatars and thesr
properties; interval estmation: pivotzl quantities and confidence mtervals bassd on them, coverape probability,

Testing of Hypotheses: Neyman-Pearsan lemma. most powerful tests. monotone Likelihood ratio (MLA) property.
unitormly most powerful tests, uniformly most powariul tests for families having MLE property, unifermly most
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powerful unbrassd tests umformly mest powerful unbizsed tests for expanantial fzrmbes, hkelihood ratio fests,
large sample tests.

Won-parameinie Siststics: Empincal distobuton function and s propertios, goodness of it fests. ehi-sgaare
test Kolmogorov-Smirnov tesi sign test. Wilcoxon signed rank test Mann=-Whitney U-test rank correlation
coefficients of Spearman and Kendall

Multivariate Analysis Multivanate normal distributicn: properties: condibonal and margmal distrbutians,
maximum libeliiood astimation of mean vector and dispersion matr Hﬂtel.l:in-g'f. T tesl. Wisharl disiribution
andit= basic properties, multiple and partial correlation coefficienits and their basic propertiss

Hegression Analysie: Simple and multiple near regression, R? and adjusied B2 and their agplications.
distribution= of guadratic fermsof andom vectors: Fizhor-Cachran theorem, Baiss-Markav theoram, lesis for
regression coefficients. canfidents intenvats.



TF  Textile Engineering and Fibre Science

Enginsering Mathamalics

Linear Algabra: Matrices and Determinants; Systems of linear equations; Eigen walues and Eigen vactors.
Calcuius Limt centmuity-and: ditferentiability; Successive differentiation; Parbal diffsrentiation; Maxima and
minimal Errors and apprixmeations: Definte and improger inteprals: Sequoances and sones Tost for
convergence; Bowor oriss. Taylor =ories.

Oiffer=ntial Equations: First uﬁ.*r_ﬂr linear and non-linear differential equstions. Higher order linear differentizl
equztions with constant coofficients; Euler-Cauchy equation; Parbial differental equabons. Wave and heat
sguatinns; Laplace’s eguation.

Probability ard Statistics: Random vanables; Poissen, binomual 3nd siormal distobotions, Mean. mode median
standard dewviation; Confidonce miterval: Test of hypothosis: Correlation analysis: Begression analysis: Analysis
of varmance, Contral charts

Numenczl Methods Numerneal salutions of finear and non-inear algabraic equations: Numerical mtegration by
trapezaidal and Simpsan's rules;: Smote-step and multFstep numeneal mathod= for-differentizl eguations

Textila Engmeanng and Fibre Science

Secticn 1; Texhile Fibres

Clss=ifc=tion af t=atilz fikires, Essantal I"eqlirirljlﬂ.ﬂ.lﬁ af fibre forming polymers. Gross and fine sinetures of
natural fibres like cotton, wool. silk: Introduction to kast fibras; Properties and uses of natwral and man-made
fitre=s moluding carbon, aramid and: witrz-high molacoinr weishi polyothylome fbres; Physical and chemical
mathods of fibre and blend identification and hlend analysis.

Muolecutas architectur=, 2morphous . and crystalline phasss, glass trarsifien. plasticization, crystallization.
meiting. factorz affeching Ty and Te: Polyrnenzation of nylen-& nylon-86. poly [ethylene tersghihialatz).
pelyacrylonitrile and polypropyiene: Mell spinning precesses for PET. polyamids and polypropylens; Preparation
of =pinning dope: Principles of wel spinning, dry spinning. dry-jet-weat spinning m&dg& spinning: Spinning of
acrylic, viscose and other regenerated cetlulosic fibres such as polynosic and lyocell: Post spinning operations
such-as drawing, heat setting. tow-to-top convermion; Spin finish compesition and applications; Diferent
texturng methods

Methods of invostigating fibre structure such as density. x-ray diffraction, birefringenca. optical and eloctron
miccoscopy such =s SEM:and TEM, B spectroscopy, thermal methods such a3z OSC OMA TMA and: TRA:
Stricture and morphology of man-made hbres: Mechanical properiies ol hbres; Messture-sorption of fibres,
Fibre siructhure-property correlation

Section I: Yarn Manufaclurs, Yarn Structure and Properiies

Principles af girming; Principles of apening, cleaning. and blending. Working princwples of migdarn blew room
machines; Fundamentals of earding; Canventional v modem eardmg machme: Card setting, Card clothing:
Pariodic mass vanation in-card sliver: Card auto leveller: Principles of roller drawing: Roller arrangements in
drafting “svsioms. Poriodic migss varisbion m drawn shver; Oraw fame auvio loveller, Princplos of cotton
combing: Cambing cyele and mecham=m= Reteni developments in cambing machite, Printiples of drafting.
twisting. 2nd bobhin building in roving formation; Modern developments in roving machine; Principles of
drafting; twisting and cop building. m nng.spinning; Causes ef end breakages; Modern developments in ming
spinnireg machine; Werkang principles of ring doublerand twe-for-one twister; Belabonship betwaen single yarn
twist and folded yarn bwislt Principlos of compact, rotor, atr=et, ar-vorte, fnction eore. wrap and bwist-loss
spinning processes
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Infiience:-of fibre geometry, fibre configuration and fibce anentation i yarn; Fibre packing density of yarn; Yarn
diamater: Yarm twist and s relaticn (o yamn streagih! Halizal arrangement of fibres in yarns: Yarm contraciion,
Fihre migration in yarns. Stresssirain relation m yarm Mass irregularity of yarm Struciure-property
raiationship in ring, compact. rotor. air-jet and friction spun y=ms

Soction 3; Fabkric Manufacture, Structure and Propertios

Principles of winding processes, Cl:f»s;iﬁ::ﬁun ol winding multhods, Pattorming mechanism, Yarn dearsrs =nd
tensicners; Bifierent systems of varn splicing: Warping objectives and classification; Ditferent types of warping
erecls: Fagtures of baam and sachidnal warging machines: Differant sizing systems: Sizing of spun 3rid filamant
yarns.Drawing-in process: Principles of pirm winding.

Primasy and secondary mohons of looms Shedding mobon: Positive and negative shedding machanisms: Type of
sheds: Tappel, debby and [3cquard shedding: Welt insertion, Mochanics of weft inceftioh with shuttle; Shutile
picking and chathung, Beat-up. Kinematics of sley, Loom timing tiagram, Cam designing, Effect of sloy seting
and cam profile on fabric formation Take-up =nd Let-off motions; \ib';m and weft stop maotions, Warp protection,
Weft replemshment: Principles of weft insertion systems of shuttie-less weaving machines such 25 projectile.
rapier water-jet and air-jet; Principles of fupctioning of mudtiphase and circalar booms: Tvpes of seivadges:

Basic woven fabnc constructions and thesr derwatives; Crepe, cord. terry, gauze, lano and double cloth
constructions: Drawing and litting plans:

Fundamentals of welt knitting: Classification of weft Knitting technoiogies; Weft knittad constructions such as
plam, rib. interlock and purl Diferent knit sttches such as loop, tuck and float

Principle of warp knitting. Classification of warp knitting technologies, Swinging and shoaging mation of guide
har; Basic warp knit construction such as pillar, tricot atlgs, mlay and nets.Fibre preparation processes for

nonwovens: Web formation and bonding precesses Spun-bonding: and malt-blowing technologies: Applications
of nomwoven fabrics:

Principles of branding; Type of braids; Maypole bramding technology.

Pairce's squations for plain woven fabric geometry: Elastic 3 medel of plain-weven fabric: Thickness, cover =nd
maximum set of woyon fabnics, Geometry of plain weft knitted loop: Munden's: constants and tightness facior
for plam waft knitted labncs: Geometry of tobelar brads.

Soction &: Textil= Testing
Sampling technigues for fibres: yarns and fabrics: Sampie size and sampling errors

Moistura in textiles; Fibre langth, fineness. crimp: maturity and trash contant; Tensile testing of fibres; High
volume fibre testing.

Linear density of sliver, roving and yarn; Twast and hainness of yarm: Tensile testing of yarns, Evenness testing,
Fault measurement and anzlysis of varns.

Fabric thicknest compressibiity, stiffness, shear, deape; creaZe recovery, loar sirangih, bursting sirsngth
pilling and abrasion resistance: Tonsle tscting of fabrics  Objecfive evaluation of low =fress mechanical
characteristics: Air permeability. Wetting and wicking: W:gi.er—u;p-n-ur transmission through fabmes, Thermal
rosistance of fabrics,
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Seciion & Chemical Procesaing

Impurities in ratural fibre; Singeing, Chemistry and practice of preparatory processes for collor Praparatory
processing of woal and =sllk; Mercorizalion of cotion, Proparatory processes for manmade fibres and their
blends: Optical brightoning 3gent.

Classification of dyes; Uyeing of cotten, wool, =ilk, polyesier nvlen and acrylic with apprapriate classes of dyec;
Dyeing of polyester/cotton and polyosterfwool blends: Dyeing. machines Dyeing anEsm and machines for
cottan knitted fabrics; Dye-fibre interaction: Introduction to thermodynamics and kinotics of dyeing; Brief idea
about the reletion betwesn colour and chamical constitution; Beer-Lambert's law; Bubselka-Munk theory and its
appbeation m colavr messurement: Methods Eor determimation of wash, ight ard rubbine fasine=s

Metheds of printing such-as roller printing and screen printing: Preparstion of ponting paste; Various:typas:of
thickenars; Printing suxibartes; Thrscl styles of pnnting:of (1) cotten with reactive dyes, (n) woot silk, nyion with
atid and metal compléx dyes: fiii) polyester with disparse dves; Rosist and discharge printinig of cotton, silk and
polyesier; Pigmenl printing. Transfer printing of polyester. Inkjet printing; Printing fault=.

Mechamecal mishmg of cotton, Stilf, aofl wrimblo redictant, walor ropetlenl. flame retardant and enzyme (o=
polishing! finishing of cotion, Milling. decatizing and shrink resistant finshing of weol. Anlisiatic and soil
relezss ﬁ:ﬁihiﬁq: Heat sotting of synthatic fabrics; Minfmum Epplﬁ;id’ii}n technigues

Pollutign conirol and treatmeant of effluants:



XE-A Engineering Mathematics (Compulsory for all XE candidates)

Soction 1: Linear Algebra

Mlgabrs of real matrices: Detarminant. inverse and rank of 3 matrix: System of linear squations {conditions for
unmgue solution, no solition and mbnite number of solutient); Bgen valiues and eigen veclors al matnces:
Propertics of ‘oigen values and cigon veglors of symmettic matrices, diagonalization of matrices; Cayloy-—
Hamilton Theorem.

Section Z: Calculus

Funchons of Singte Varable: Limit. indeterminate forms and {Hospital's rute; Continumty and differenbability:
Mean value theoiems: Maxima and minima: Tayler's theorem: Fundamentsl theorem and mean value theorem of
integral caleulus Evalualion of definite 2nd improper integrals; Applications of definite intzgrale 1o evaluate
areas and volumes rotation of 2 curve about an =tisl

Fanctions of Twe Variahles: Limit. continuity and partial derivatives: Directional darivative Total derivative,
Maximia. minim= and saddle points. Method of Laarange multipliers. Double intsarals and ther applicatians.

Soguancss and Series: Convargence of sequences and serles; Tesis-of convergence of sorioc with norriogative
terms (rahio. rool and integral testsh Power saries: Taylor's saries: Fourier Saries of functions of period Zn.

Seclion 3: Vectar Caleulus
Gradiend. divergence ;mi:url;' Lire integr=ls and Green's theorem

Section &: Complex varables
Complex nmumbers. Argand plane snd polar repressntabion of complex numbers; Oe Maivre's thaprem: Analylic
fundhions; Cauchy-Rismaiin squations.

Section §: Ordinary Differontial Equations

First order equations (linear and nonlineark; Second ordar linear differential equations with constant coefficients:
Cauchy-Euler egustion: Second order linear differential equations with vanable coeffivents: Wronskian; Methad
of varistion of parameters; Bgen value problem for second arder 2guations with constant coefficients. Power
saries solutions for ardinary poini=

Soction &: Partial Differential Equations
Classificztion of second order lmoar partial differentsl aguations; Method of separstion of variables: One
dimensianal heat aguabon and two dimenmeral Laplace sguation.

Soction 7; Probalility and Stalstics
Asioms of probability, Conditional probability; Bayes' Theorsme Msan. variance and standard deviation of
random variables; Binomial Poisson and Normal distributions; Correlation and bnear regression,

Sechion 8: Numerical Mathoda

Solution of systems of linear equations using, LU decompesition. Gauss elimination method, Lagrange and
Newton's interpotations; Solufion of polymomial =nd transcendents] emetions by Newton-Haghson mathod.
Numerical integration by trapezoida! rule and Simpson’s rule; Numerical solutions of first order differential
sqguations by sxphbcit Euior's method.
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XE-B  Fluid Mechanics

Soction 1: Flow and Fluid Properiies
Fiuid Properties Density, viscosity surfare tonsion. relgtionship betweon stress and strain-rate for Newlonjan
fluids '
Classificzhion of Flows: Viscous vorsus mviscid flows, mcompressible versus compressible flows. mternal

versys axternal flows, steady versus unsicady flows, [amunar verses turbulent flows, -8B, 2-0 and 3-D Hows,
Nowiomzgn versus non-Newtomnan fluid flow

Hydrostatics Buoyancy, manamatry, forces an submerged bodies and it= stahility

“Soclion 2¢ Kinematics of Fluid Mation
Eulerian and | agrangian d&scrig[mns- of Huid moton E&nu!-pt of local convechwe and malerial dervalives
Streamline, straskline, pathiine and timeline.

Seclicn 2 Inlegral Analysis ter a Conirol Volume
Aoynolds Transport Theoram (RTT) for canservation of mas=< linear and angulsr momentum:

“Section & Differentizl Analysis
Differsntial equations of mass and momentum for Incomprassible Aows

Imviseid flows = Eular equabons and vizcous [lows - Navier-Stokes aguations.

Concept of Hud rotation. vorticity, siream function and circulztion

Exact solutions of Navier-Stokes equations for Couetts flow and Poiseuille fiow, thin film fiow.
“Seclion 5: Dimensional Analyaias

Cancept of geametric kinematic and dynamic simianity

Buckingham Bi thesrem and its applicatiors.

Ron-dimensional paramsters and ther physical sigmificance - Beynolds number, Frowde nomber and Mach
numbar

Section & Internal Flows
Fully developsd pips ftow

Empineal relations for laminar and turbulent Aows: friction facter, Barcy-Waisbach relation and Moady's chari
Major and minor lo===s.

“Sepclion T: Barmoulli’s Eguation and itz Applications, Potential Flows
Bernoulli's Equation: Assumptions 2nd zpplications.
Flow measurements - Yenturi meter, Fitot-static tube and orifice meter.
Elementary Potential Fiows Velocity potential function.
Uniform ow, souree, sink and eortex; and their superpastion fer Hew past simple:geametries.

Soction 8: External Flows
Frandtl Boundary L ayer Eguations; Concept and assumptions:
Boundary Layor Charactonistics: Boondary layer thicknosz displacement throlne=s and momentum tmcknoss:

Qualit=stive idez of boundary layer separation, streamlned aad bluff bodies. and dr=g and lift forces.
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XE-C Materials Science

Classification and Structure of Malerizls

Classificztion of Maleszals Metals. ceramics. polymers 2nd composites.

Nature of -Bonding in Materals; Meatallic, wnic covalent and mixed banding: structure of matornais:
jundamentals of crystallography, symmetry opsr=hons. orystal systems.: Bravais latbees, unit cells, pnmitve
cells. erysizllsaraphic planibs and diroctions, structures of melals: ceramics, pelymors, amofphous materials:
and glaszes.

Rofezic m trﬁmllme Matarials: 0-D. 1-D and 2-D dafects; vazancies, interstitials, sclid selutions in matals znd
coramics. Freaksl and Schottky defacls; dislocations: grain boundaries, twins, stacking faulls: surfages and
interfaces

Tharmodynamics, Kmatics and Phase Trniformabons

Extensive and infensive: thermodyramic: properbes, laws of thermodynamics, phase equilibra; phase mule.
phaze diagrams lunaiy and binary], basc electrochemistry

Reaction kinabes fundamentsls of diffusion. Fick’s laws, their solutions and applications.

Solidification of pure metals and alloys. mmleation =md growth. diffusional solid-stats phase transformations
(pracipitation and eutectoid), mertensibic transtormation

Proparties and Applications af Malerials

Mechamcal properties of metals ceramics, polymers and compesites =t room temperature: strass-strain
rzspgonse {alastic, anelastic and plasiic deformation),

Electronic Proportios: Free olectron’ theory, Fermi energy. donsity of =states slements of band thoory
samicanducinrs_ Hall ofaet disloctric behaviour, piezo- and forro-alectric Bahatidur

Mzgnelic Propertivs: Origin of magnetsm in matenals, pars- diz- ferro- and ferri-magnetism,

Therma! Properfies: Specific heat. heat conduction, thermal diffusivity, thermal expansion, and
thermestecinoty:

Optical Proparties: Refractive mdox. absorgbon and tranzmizsion of electromagnetic radiation:

Examples of materizis exhibiting the abova properties. and their typical/common applications

Characierization and Measurements of Propartios

Y-ray diffrectior: specirescopic techrigues such s UV-Vis: IR and Raman: optical ‘microscopy, electron
micrescapy. campasition analysis in eledron microstopes. Tensile test hardness measurement. Elecinical
conductivity, —rmer mability and concentrations. Thermal E:T‘I:I!.‘,I'E.ih.lef_.}iniﬂue\'.r_ ﬁ:rermnqmﬁmﬂtl;]r =nd
calorimatry

Processing of Malerials
Heat treatment of ferrous and aluminiom alloys: preparation of ceramic powders. sintermg; thin film depasition:
svaporation and soutiening techniques: and:chemmical vapoar-degosition, thun film growth phenomena

Dogradation of Materizls
Corrosion and its provention; embrittlzment of metals; polymer degradatien.



XE-D Solid Mechanics

Soction 1; Mechanics of rigid bodies

Equivalent force systemns, free-body diaorams. equilibrium squations; analysis of delerminate trusses =nd
frames; friction; principle of minmum potential energy; perticle kinematics and dynamigs; dynamics of rigid
bodies unded planar motion; law of conservation of energy; law of conservabonof momeanturm.

Soction 2: Mechanics of doformablo bodins
Stressos and strams; fransformation of stresses and strams, principal stresses and strans: Mohr's arcls for
plane strecs and plane straim: generalized Hooko's Law: lastic constanis: thermal strecsss! thoores of falura,

Axvial force; shear force and bending moment dizgrams; axial shear and bending stressos; combinad strossesg;
deflection (for avmmetric bending), torsion in circuiar shafiz: thin wallod pressiure vessals; energy methods
(Castigliann’s thewrems), Euler buckling.

Section 3; Vibrations
Freaz vitiration of undamped single dﬂgrﬂd-uf freedom systems.



XE-E Thermodynamics

Soction 1; Basic Concepls

Continuum =nd macroscapic approach: thermodynamic systems (ciosad and openl, thermodynamic properties
and sguilibriem; sizte of 2 system. state pestulate for simple compressible substances. state diagrams, paths
and processas on stato dagrams) concepi= of hest and work different modes of work; zeroth law of
thermodyramics concapl of temperalure.

Soction 2: Forst Law of Thermodynamics
Concopt of oneroy and varous forme of anergy. miternal eneroy. enthalpy, specific heats: frst low applied: to
slementary processes. closed systems and control volumes steady and unsteady flow analysis.

Soction 3! Sacond Law of Thermodynamics

Limitstions of tha firsl law of thermodynamics, concepls of heal engings and haal pumps/ refigerators, Kelvin--
Planck and Clausius statemunts and their equivalence;: reversible and ireversible processes: Carnol cycle and

Carnot principles/theorems; thermodynamic temperature scale; Clausius mequality and concept of entropy:

mierescapic intarpretation of antropy, the principle of increase of entropy, T-= dizgrams: sacond law anzlysis of

eonirol volume: availability and rrever=ibility: third law 'of thermodynarmies.

Section & Properties of Pure Substaness

Thermodynamic propefties of pore subsiances ' solid, liowd and wapor phases; PyT bahaviour of smple
compressible substances. phase nile, thermodynamic properiy tebles and charis, idezl and real gases. ideal
gas equation of state and van der Waals equation of state; law of corrzspanding sfales compressibility facter
and generzlized compressability charl

Seclion & Thermodynamic Relations

TdS relations. Helmholiz and Gibbs functons. Gibbs relaticns, Maxwell relations. Jouls-Thomson coelficient.
coefficient of volums expanwion. adizbatic and isathermal compressibilities, Clapeyron and Clapeyron-Clausios
SOuUalinns

Section & Thermeadynamic Cycles
Carnpt vaper cycle, ideal Rankine cycle, Rankine reheat cycle air-standard Otto cycle, air-standard Biesel cycle,
air-standard Brayton cycle, vapor-comoprassion refriosration cycle:

Soection 7! ideal Gas Minturos

Datton's and Amanat’s lsws propertes of eal gas muxiures. aif-water vapor midures and smple
thermodynamic procossoc involving them: specific and relative hiamidiioz. dew point 3rid wat bulb fomporaturs.
adiabatic saturation temperature. psychromatric chart,



XE-F Polymer Science and Engineering

Soection 1; Chemisiry of High Pelymars

Mongmers, functionzlity, degree of pelymerzations, classification of polymers. glass transihon. melting
transition, criena for rubberiness, polymenzabon methods: addition and condensation: ther kmetics
maetalloceno polyvmers and other newar methods of polymenzation. copolymerizaton, monomer reachivity rabios
andf its significance, Kinetics. different copelymers. random, alternating. azeotropic copalymerization. block and
gr=it copolymers. lechnigues for pelymerzstion-bulk, solution suspe.'nﬁinn_ emulsion. Concept ol
intermolecular order imorphalogy) — amarphous. crystallme. onentation states. Factor affectmg crystallimity
Crystalline trangsibon. Effect of morphotogy on potymear propertiss

Section 2: Polymer Characlarzation

Solubility and swallimg. Concept of molecular werght distribution and its significance, concept of average
molecilar wawghl, determmation of number average. wemght average wiscosmty average and f-dverage
maolecular waights, polymer eysisllinily, anzlysis- of polvmers: using [B, XBD, thermal {DSC. DMTA. TGAY
micrescopic (pptical and electroniz) technigues, Molecular wi distribution’ Broad and Narmow, GPC, Moobney
WisCosity,

Soclion 3 Synthesic, Manufacturing and Properties

Commedity 3nd genaral purposs thermoplastics. PE PR PS5, PVC, Polyastars, Azrylic, PU polymers. Enginearing
Plastics: Nylon, BC, PET. PSU, PPO. ABS. Fluoropalymers Thermoseiting palymars: Polyurethans. BF MF. UF
Enoxy, Unsaturated pofyester, Alkyds. Natural and synthetic rubbers: Recovery .of NB hydrocarbon from Latex;
SBR, Nimile CR CSM. EFOM. IR BR Silicone. TPE: Speciality plastics: PEK, BEEK. PRS5, BSL. PES, sttt
Biopolymers zuch as PLA PHA/PHE

Soction &: Polymer Blends and Composites

Difference hetween blends apd composilss. their significance. choice of polymers for blending. blend
riﬁﬁcihili!y—mia:ihié and immisoible blends tIEmiﬂ-t_:l‘jﬁ‘lgml'u phase morphology, pelymar slloys, n;nlumer
sutectics. plastic-plastic. rubber-plastic and rubber-rubber blends. FRE particulate long and short fibre
r=infercad cempasites: Polymer rainforcement. reinfoercing fibres — natura! and synthetic, bssa polymar for
roydorcament (bnsafurated polyestar), mgredients | recipes for reintfercad polymer composito;

Section 5; Polymer Technology

Polymer compounding-need  and sigmficance, differsnt compoindma ingrediants for rubbar and - plasties
[Antioxidants, Light stabilizers: UV stzbilizers: Lubricants. Processing alds: Impact modifiors, Flame redardan.
antistatic 2geniz PVC stabilizors and Plasticizars) and their function. usa of carbanblack, polymer mixing
euipmants. cross-linking 2nd vulcanization, vulcanization kinetics,

Section & Polymer Rheology

Flow of Nowtomian =nd non-Newtonian fuids, different flaw equations, dependence of shear modulss an
temperzture, molecularfssgmenial deformatiops at differont zones and frensitions. Measgremonts of
rheolegical parameters by capillary rotating. parallet plate. cone-plate rheametar: Visco-slasticity-creap and
stress relaxabons. mechanical models, control of rheslogical charactarstics through compeundmg. rubber
zuring.in parallal plata viscomelar, 0OR and MOR

Sochion T: Polymer Processing

Comipression molding. frapsfer molding. injection moldirg, blow malding, reaction injection molding. filament
winding, SMC. BMC, OMC. extrusion, pultrusion, calendaning, retational molding, tharmoferming. pewder coating.
rubber processing n two-rell mill, mternal mimer, twin screw sxiruder.
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Saction B: Palymer Testing

Mechanicsl-static and dynamic tensile, flexural compressive, abrasion endurance, Fabigee. hardness; lear,
resilience. impacl toughness. Conductivity-tharmal and electrical, dislectric constant. dissipation factor, power
tactor. electric resistance, surface resistivity, volume resistivity, swelling. 2geing resistance. environmental
strass cracking resistance. limiting oxvgen index. Heat deflection tamperature — Vieat softening temparaturs.
Brittleness fmmperature. Glass transition temperature. Co-efficient of thermal expansion. -Shrinkage.
Flammabilily, dislectric comstant dissipalicn facler. power factor, Optical Proparies - Refrzctive Indes
Luminous Trarsmittance and Haze. Mell flow mdox.

Sachion ¥: Polymer Recycling and Watts management

Polymer wasia. and iis impacl on environment. Sourcez ldentification and Separation techniques. recycling
¢lassification. .ra-:pcliq.g of thermaplastics. thermosets and rubbers spplications of recycled matenizls Life
cycle assessment aof polymer products (case studies ke PET bottles, packaging bags).



XE-G Food Technology

Soction 1; Food Chamistry and Nulrition

Carbohydrates Structure and funclional properties of mono-. oligo-. & poly- saccharides including starch
calfulose. pectic substances and dietary fibre, gelstinization 2nd retrogradation of starch

Hrotens: classihoation and struciure of protams infood . biochemicz] changes inpest mortem and tenderzation
of muscles.

Lipid= Classification and sbructure of lipids. rancidity. polymerizaticn and palymorphism.

ﬂinmeﬁry_. t_:rutﬁnui:fﬁ,:ﬁ']nfﬂphf_lh, anthocyanins, tannins ;ln&'m}'ugtuhin

food Flavours: Teepones, estors, aldehydes, ketones and qunimes: Enzymes; speoificity, simple and mhition
lretics coenzymas anzymatic and non- enzymiabs Brownmg

MNutritinn Safancad diel ossential aming acids and essantial fatty acids, protain officioney ratio. watar saluble
and fal solubls vitamins. role of minersis in nutrition. co-factors anti-nutrients. nutraceuticals. nufrient
deficiency diseases.

Chemicsl 2nd Biochemical Changes: Changes eccurming in foods during differant processing

Sechien 2: Food Microbislogy

Charactenistics of Microorganisms Morphology of bactena, yoast mold and actinomycetes. spores and
wagotaine cells: gram-staming,

Micrabil Growth: Growth and death kinotics, sarial dilution technigue;

Food Spoilage’ Spoilage micrsorganisms in differsnt food products including milk, fish, meat, 2gg. coreals and
thear products. .

Toons from Microbas Pathogons and non-pathogens meluding  Staphyloceccus, Salmonpella, Shigolla
Eschenchia, Bacilles, Clostndwm, and Aspergilius genera

Ferminted Foeds and Beferzges Curd, yoghurE choese pickles. soya—=auds  sigerkraul dll dosa vitregar,
alcoholic boverages and sausage. -

Sochion 3! Food Products Technology

Proceseing Principles: Thermal processing, chilling, ‘freezing, dehydration, addition of preservatives and foed
additives. irradiation, fermentation, hurdle lechnology. infermediate maisiure foads. Food pack =ging and
storage; packaging. materiels, aseptic packaging. coptrolled and modified atmesphere storage. Cereal
processing-and products: miling of rice, wheat, .and maize. parboiling of paddy. bread: biscuils, extroded
produtic apd ready to ogt breakfast careals.

ihl Procecsing: Expellipg, selvent extrackion, refining ang hydrogenation

Fruits and Vagetables Processing Exfraction, clarification. concentration and packaging of fruit juice. jam, jelly.
marmalade. squash, candies, tomato sauce, ketchuep, 2nd puroe, potato chips; pickles.

Flantation crops processing and producis; Tea, colles. cecoa: spige, extraction of: essential pils and olecresmns
from smices.

Milk and Milk Preducis Processing: Pasteurization and sterilization, cream. buttor, ghee ice- cream. chesse and
milk powdar, Procassing of anima| produci= drying, canning, angd freaning of fish and meat. production of égg
powder

Waste Ublization: Pectim from fruit wasios, sses of by—products from nce mulling.

Food Standards and Quzlity Maintenance: FRO,-PRA, A-Mark 181 HACCP food plant samitzbon dnd cleamng in
place ICIP)



Seciion &: Food Enginesring

Mass and encrgy balanca

Mormenturm Transfer Flow rate 2nd pressurs drop relationships for Newtonian fluids flowing through pipe
Roynalds number. Heat transfer heat transfer by conduction, convection, radiation. heat exchangers.

Mass Transfor Muln.ﬂﬂar diffusion and Flick’s law, conduchon and convectve mass transfer, permeability
thrsugh smols and multilayer films:

Mechznical Operations: Size reduction of salids, high pressire homogenization, fillrstion. centrifugstion.
safiling. =ioving, mixing & agitation of Lguid. Thermal eperstions: thermal sterilization, evaperstion af liguid
feads. hot 2ir drying of solids. spray 2nd freeze-drying. freezing and crystallization.

Mass Transter Operations Psychemetric. hurmdification:and dehurmdification operations.



XE-H Atmospheric and Oceanic Sciences

Soction A: Atmospharic Sciance

Vortical Structure and Composition of the Atmosphere; Blackbody Hadiation and Radmation Balance; Modes of
Heat Transfer in the Atmosphere; Greennouse Effect, Cloud Types! Laws of Thermodynrarmics: Gas Laws:
Hydrostabic Egiation: Clausivs Clapeyron Eguabtion: Adiabafic Processes. Humidity. m tho Atmosphens.
Atmaspheric Stability, Weather and Climate,

Kavier-Stokes and Conbnuity Egquabtions: Compressible and mcompressible Fludds! Pressure. Gradient
Coniripetal Centrifugal and Coriolis Forces: Geostrophic, Gradient and Cyclestrophic Balances; Circulations and
Varticity, General Circulation of the Atmasphere Hroad Features of Indizn Monsoons. Moensoan Depressians.
Tropical Canvergence Zones: Tropical Cyclones,

Section B Ocean Sciences

Yertical Profiles of Temperaturs and Salinity, Stability and Double Diffusion, Equation of State. Equstions for
Canservation of Mass. Momentum, Haat and Salt: inertial Corrents; Gesstrophic Mation; Amr-5ea Surface Fluxes:
Wmnd-driven Circulstion. Ekman and Sverdrup Transports: Storm Surges: Tides. Tsunamis apd Wind Waves:
Eddias and Gyres, Eastémn and Western Boundary Currents, Equaterial Currents. Isdian Deean Current Sysiams,
Thermohaline Circulatan

Chemical Properbes of Ssawalter. Major snd Miner Elements. Ocean Acidification. Biochermical Cyeling. of
Nutrientz. Trace Melals and Orgamc Matier. Biclagical Pumg, Primary and Sacondary Biological Praductivity:
Air-=23 Exchange of Bionenic Dissalved Gases: Marine Ecology.



Reasoning and _:um'prﬁhar_lﬁtdn

XH-B1 i |
(Compulsory for all XH candidates)

This partis to test the candidats's ability to comprehend and intarpret written information - shills that-are eritical
to resegreh an the-Humamfies and Sooial Sciences The sectiom will not directly test language competence in
terms of gramemar, vocahulary ot The focus s instead on critical reasgning [similar (o what is often found in
exams like LSAT. GRE GMAT eic) and analysis of tha taxt and its stylistic and rhaterical strusturs.

Guostions of this caction XH-B1 will test the following skills:

Rezding Comprehension: Abddy to undersiand complox lanousge. materzal in short peragraphs and answer
guestans regarding thom.

Espressione Questions an stylistic and rhetorical aspects of 3 short passage incleding corrections or
modifications of particular sentepces.

Analytical Boasoning: ability to understand relationships in statoments or short passages and bemng able to draw
rzasonzble conclusions/inferances from them,

Logial Reasomine Thinking critically to svaluate or to predict an argument. identify the main and supporting
argumeants. predict outcomes atc,



XH-C1 Economics

€1.1 Microeconomics: Theary of Consumer Behaviour Cardinal Approach and Ordinal Approach; Cansumer
Preferentes: Naturz of the utility function: Marshallizn and Hicksian domand functions, Duality Thearsm.
Slutsky equation and Comperztive Statics. Homogeneous and Homothetic Utility Functions, Euler's Theorem
The Thoory of Revealed Preference: Weak Axiom of Rovealed Preference:-and Strong: Aom of Revealed
Preferenca. Theory of Production and Costs: Shorbrun and bong-run Analysrs. Existence. Unigueness and
Stamlity of Market Eguilibrium: Walrasan and Marshalian: Stabilily - Analysis. The Cobweb Modet Deoison
malung under unicartainty and risk. Azyrnmetnic Infermation: Adverse Selechon and Moral Hazard. Theary of
&noncy cests. The Theory of Search Non-Cooperative games Constan! sum gama, Mied Stoatogy & Pure
Strategy. Bayesian Nash Equilibrium, SPNE. Perfect Bayesian Equilibria. Theory of Firm Marke! Struciures —
Compatitive and Mop-competitive aquilibriz and their officiency properhas Structure-Conduct-Performance
Paradiagm, Faﬁtpr Pricing: Marginal productivity Theory of Eisiribubon in Perlecly Compatitive markaiz, Theory
of Empln'frlmn"l in imperfactly Compehtive Markests — Monopolistic Exploitation Genoral Equilibrium Amzlysi=
Welfare Economics: Fundamenital Theorems. Sacial Welfare Function. Efficiency Criferia; Parete-Optimality.

€1.2 Macroeconomics: National Income Accounting: Closed Evonomy Cancepts and Maasurement and Open
Economy lssues. Determination of outpul and Em[.'-lﬂfmu-nk_ Classical & Keynesian Framework, Theories of
Cansumption: Abselute Income Hypathesis. Relative Incame Hypethesis, Life Cyele Hypolhesis, Permanent
incomo Hypothesis and Robert Halls Random Walk Medel Investment Function Specifications - Dale
Jorgonson's Meactassical Theory of Capital Accumulation and Tobin's, Keynesian Stabilization Policies,
tAutonemeesi Muttipliers and Investment Accelerator.  Demand and Supply of Money, Camponents of Money
Supply. Liguedity Preference and Liguidity Trap_ Monay Mutlipher, Inierest Baie detaymination, Canteal Banking,
Objectives. Instruments [Ehrect and Indmrect) of Monetary Paolicy. Prudentiat Begulation: Guantiztive Easing
[Unconventional Monetary Policy). Commiercial Banking. Non-Bankmyg Financial Institubions, Capital Markol and
its Hegulation. Thearies of Infiation and Expectations Augmiented Phillips Curve. Real Businass Cycles. Adaptive
Expectations Hypothesiz Ratianal Expectation Hypothesis and s eritigue. Closed Econamy 1S - LM Model and
Mundall Fleming Medsl: Monetary and Fiscal Policy Efficacy The Impossible Trimity

£1.3 Statistics: Economairics and Mathematical Economics Probabdity Theory: Concepts of probabifity
Probabifity Distribuhons [Distrate and Contmuous], Central Lymst Thoorem, Indax Numbers and Consiruction of
Price Indices, Sampling Mathods ‘& Sampling Distribution, Statistical Inferences. Hypothesis Testing, Limear
Ragression Moedels and the Gauss Markov Theeram, Hﬂtﬁfuﬁ:@dzshmg ipﬁ.littrnlhn-ea.rltr and Aulur.&n‘el;hum
Spurious regressians and Unit rooks, Simullaneous E‘.,ILIH'I‘IIE‘I Models — rocurdive and nar-recursive
Idantification Problem. Differestial Calculus and ii= Applications, Linear Alpebra — Matrizes. Applictions of
Cramer’s Rule, Static Optimization Problems and Applications, input-Output Maodel, Linear Programming.
ﬁ_iHEIEF‘IEQ equztions and Differential equations with a2pplieations

€ 1.4 Inlernational Economics; Theories of International Trade, International Trade under Imperfect Competition,
Gains from Trade, Terms of Trade, Trade Multiplier: Tarift and Nor-Tarift barriers to trads, Dumping 2nd Anti-
Dumping Policies. GATT. WTD and Regional Trads Blocks: Trade Policy Issues Balanm of Payments:
Composition. Eguilibrium and Dissquilibrium and Adjustment Mechanisms. Forsson Exchangs Markel =nd
Arbitrage, Exchange rate determinztion, IMF & World Bank.

C1.5 Public Economies: Markot Failure and Remedial Measures Asymmetric |nfermation. Public Scods
Externality, Ragulation of Market — Collusion apd Consumers’ Welfara. Public Revenua: Tax & Non-Tax Ravenue
Direct & Indirect Taxes, Progressive and non-Progressive Taxation, Incidence and Effects of Taxation, Public
expenditure. Public Debt =nd its menagement. Public Budgs! and Budge! Multiplisr. Tax Incidence. Fiseal Palicy
and its implications. Environment 25 2 Public Good, Market Failure 2nd Cease Thearem, Cest-Bonefit Analysi=.

C1.5 Developmenl Economics: Thearies of Economic Development Adam Smith, David Ricards, Karl Marx |
Schumpeter, W. Rostow, Balanced 3 Unbzlanced Grewth, Big Puzh Approach. Indicators of Economic
Dovelopment HEL SDGs, MOGs. Poverty and Inagqualities - I'.‘nnr.ept:. and Mezsurement Issues, Social Sector
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Development Health: Education. Gender. Fertility, Morbidity, Mortality, Migration, Child Labor, Age Structure.
Demooraphic Dividend, Modals of Econoimic Growth: Harmod-Bomar, Solow, Ramecoy Technical progress —
Dicembodizd B Embodied. Endogenous Growth Models

€1.7 Indian Economy: Ecopomic Srowth in Indiz: Pattarn and Structure, Agriculture, Industry & Services Sector
Pattern & Siructurs of Growth, Major Challenges, Policy Responses. Rurzl & Urban Development — lssues.
Challenges & Policy Responses. Flow of Fareign Capital, Trads Policies, Infrastructure Davelopment Physical
and Social: Public-Prnivate Partnerships, Reforms m Land. Labour and Capital Markets: Poverty, Ineguality &
Unemployment Funchoning of Mopatary Policy in India, Fiscal Pelicy in the Indian context Structure of Resaipls:
and Expendilure, Tax referms-Soods and Services Tax Issues of Growlh and Equity, Fiscal Federalism. Cantra-
State Financial Relatians and Finance Commissions of [ndia, Sustainahbility of Deficits and Debl The Fiscal
Aesponsibility and Budget Managamen! Act 2003, Demanetization and sftermath. India's balance of payments,
Campasition of indi=’s Trade, Competitiveness of Indi=’s exports, India’s sxchange rate policy.



XH-C2 English

£2.1 Multi-genre |itoratures in English—poetry, the novel and other forms of fiction including the short stary,
drama. creative non-fiction. and non-fiction prose—with emphasis an the long 190 and 20 canty rifes

€2.2 Especially in 2 comparative contex). anglophone and in Enplish translation, literatures from India and
extendmg to same degree. the larger Indian subcontinent,

£2.3 Litorary criticism and theary: critical and cultural intellectual-traditions and approaches widsly referrad to
and used in the discipline of English,

C2_4 History of English literatur= and English Utarary studies

€2.5 Hesearch appreaches and methodologies. moludimg interpretive techniques responswve to literary forms.
devices concapts, and genres.

Nole!

(i) The five units above list aspects that the guestion paper will nciude rather than signal separate modules or
soctions These five units listed are not necessarily exclusive to each other either. The guestion paper will also
not be divided inte sections corresponding tothe above aspects; and

(i} While the paper will test candidates for 3 reasonahls breadth of disciplinary krowledges, it would prioritize
conceptual depth and methodolegical sensitivity demensirative of disciplinary fraining ever information.
wharsver possible.
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XH-C3 ' Linguistics

C3.1 Language and Linguistics

Lanausge spoken, written and signed; description and prescriphion; language and cultural heritage: language
anid sovizl wentity; anguage as an object of nquiry — its stneturs, units and components; desian features.
writing systoems: Hological Foundations and language faculty; bnguistic competence and performance; evels of
grammar; contrast and complementabon; rules - coniest-depsndent and context fres; levels of adenuacy for
amalysis. interdisciplimary approaches; schools of linguistic thoughl (European, American) and the lndian
Grammahcal Tradition

C3.2 Levels of Grammar 2nd Grammaticsl Analysis

A Phomstics and Fhanology: Vocal tract anatomy, phonabon; srticulatory paramelers; classificatron of seunds:
gestural theory of speech production cardinal vowsls: setandary and co-articulation: suprasegmentals —langth,
stress. tone. infonation and juncture; 1PA; basic physics of sound and of phonation and arficulstion. acousfic
tues for speach sounds. org=nisation of phones mic phenemes; phoneme inventories 2nd cross-linguistic
properties; syllable structure and phenological properties; principles of phonolegical analysis - phonstic
similarity, confrastive and complomentary. disinbution, free vadahon, allophonss: bnegr and nensmear
approaches leyels of represontation: phonologizal rules: distinctive festuras Imajor class: manner. place elel;
feature gecmelry. rule ordering. markedness and unspecified festural walues. care pringiples of lexical
phenaiogy. optimabity theory, autesegmentsl phonsiegy and prosadic merphaloay

8 Morpholagy Concepts of morpheme morph, allamerph. zere allomerph. conditions an sllomorphs; loxeme
and word; types of morphemes - structural and functional affixes vs citivs, gammatical categories:
morphological theories — gonerative. loxicalist. process and distribeted maorphology: dentification of
marphemes and-parls of speech, alternation; morphophonology: mitection ve denvation: comugation and
declensior; word creation and word . formation tulps and processes: creativity and productivity, blocking,
bracketing paradoxes, consiramiz on affix erdering: mental iaxicon; lexical categories; valency changing
operations

C Syntax Basic syntactic gnits and their types word. phrase. clause’ sentence and their descripticn and
_genarzton; grammatical and case relabons, key ideas fromsynlactis theories, Ganerafive Grammas Inﬂl.l-(f.'mﬂ
Minmmalist Program, HPSG: Relational Grammar and Lowical Functional Grammar phrase structure rules
(imcluding X-bar theory): universal grammar and eross-lingwstc propertios: idea of grammaticabty judgements;
znlving the language acquisihon problom: diagnostice of siructura, synlactic phenomena sioch as movement
binding, ellipses, casechecking. islands argument struciure efe : unergatives and unaccusatives.

0, Semantws and Pragmatics Types :of meanmg. lexical and compositional. syntarx-semantics interface
{semartic ioles, binding, scope LF efcl; sente and reference conmolation and denotation. lexical semanfic
ralations fhomonymy. hypa/hypernymy, antonymy. synonymy. ambiguity); protolype theary and componantis|
analysis: sentonce meaning and truth conditions. cantradictions, entaiment: basic set theory, propositions, truth
values, sentential connectives; arguments. predicatss. gquantifiers. variables; nfdshiniteness. mood z2nd
madality; language use - in comtext; sgntence meanmog and  utterance meaming; spesch octs; demis;
presupposilivn and Implicature’ Gricean maximes, information stroclsre: politeness, power and solidanty;

disgnurse analysiz

C3.3 Historical Languistics

Naogrammarian laws of phonetic change sach as Erimm's, Verner's, Grassmann's Laws: penesrs and spread of
sound tHang:E_ split and merger; conditoned vs: unconditioned change; lexical diffusion of sound changa;
ﬂ-na!ngif:qi chanoes and paradiom levelling: relative chranoleay of differant changes. study of sound change in
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pregrass: mofphosynitacts [syncretism, grammaticalisation and lexicalisatinn) and semantic changs (extansion,
narrowing, figuretive: speechl; linguistic redorstruchion — exleingl ve: interpal; the comparative mothed,
lexicostatistics, language contact and dialect gecgraphy — barrowing and impact of borrowing: pidgine and
creales; bi- and multifingualism 35 the source for borrowing; dialect gecaraphy - dislect atlos; imogless. foal
traasition and melic areas.

C3.4 Sociolinguistics

Micro-and macre approaches to languags in society. linguistic repertaire lapguane dialect socialect idiolect
diglossia, taboo. slang and suphemiam; elabarated =nd restricted codes: speach community and communicative
compstonce;: sthnography af spezking; linguea francs; digsponc language: bnguistic variables:and their o-
vanation along inguistic/social dimensions: language policies and devalopment (espacially infndial, language
contact and sulcomes (language [6=<, pidginization and creolizdtiohl, code-mixing and code—swilching; language
movements — state and societal intervenlions. <cript development and modifications; linguistic minortias;
l=nguage akhlwg]r and endznggrment inguistic vitality, {EHIQLEEI_E endangermaont [EGIDS scalel pamhrs ol
gndangerment; documentstion and revitalisaton

C3.5 Areal Typology, Universals. Cross-linguistic Fealuras

Morphological types of langusges agolulingtve, analyhical [(iselating) synthetic fusional (inflacling).
polysynthetic incarporating) languases: formal 2nd substantive universals, absolute and statistical universats:
imphcational and non-implicationz] universals (Greenbergh linguistic relatedness—genetic, typological and
areal classification of angusges: uruversals and parametric variation] weord order typology: salient festures of
South A=zian langiages = Indo-fryan. Dravidian, Austro=Asiatic. and Tibeto-Burman [anguage families! Linguishc
Survey of India: centact induced typological ehange.

C3.6 Methnds of Analysis

Experimental and non=expenmental metheds: sampling and tools: identfication:of varnables and thewr varants;
data processing and intarpretations guantitative analvels of dalz ethnomethodology, participant observation.
fiald methods and elicitation; dotumant crestion; ethics

C3.7 Applied Linguistics; Psycholinguistics — the study of how humans learn, rzpresent. eemprehend, 2nd
pioduce |anguage. Topics mcluds word recegnition and storsge. =entence -production and comprehensian.
roading, speach perception; language acquisibion, neural representation of languaae. bilingualism, and language
disarders



XH-C4  Philosophy

CL 1 Claszsical Indian Philosophy

C41.1 Orthodex Systems Sankhys- Puruza. Prakrh; Bunas. Satkaryavada; Mpksa: (Kaivalyal, Pram3nas and
Theary of Error, Yoga — Praminas, Theary of Error. Bvara. Citta, Klosa, AsiSnga-yooa, Kavalya IMoksal, Ny3ya -
Pramanas. Hetvabhisa, fsvara, Asathdrvayida, Theary of Erron, Mavya-Nyaya, Vaisesika — Paratahpramanya,
Padarihas (categones). Theory of Alomism' (param3nuvada) Mim@mad— Dharma, Aplrva Mokza, Pramanas
tbath in Kum3rils and Prabhaksirz), Anyainakhyat, and, Vedanta— Advaita (Adhy3sa. Brahman Svars. Bman
Jiva, Moksa, Visistdvaita (Tattva-tray2, Moksa. and Refutation of Mayavadal. Dvaitz, Dvaitadvaita, Suddhadvaita,
Pramanz in Advaild and Visziddvaids.

C4. 1.7 Heterodox Systorms: Carvaka — Pram3na Indian marerclism and Hodonism, Jamism- Pramanas
Syadvada, Anekantavada, Padartha (calegories), Jiva and Ajiva, Moksa, Mahivrata, Anuvrata. and. Buddhism —
;ﬁ—p.tgalr.a Sarvastividz, Szutrantika, Madhyamika, Yogar3ra-Vinanavada, Panica-skandha; Anrtyavada,
An3tmavads, Doctrine of Momentarinioss. Doctring of Depanden! Ongination. Pramanas, Doctrme of Twe Truths,
Doctrine of Tri-k3ya. Sad-pSramitas, Brahmavihdras. Pancsila and Bodhisattva fdeal and Updyakausalys

£41.3 Upanizads Bhagavadgits. and Dharmas3stras: Philosaphy of the Upanisads — Pure Monism. Brahmam
and Atman, Pafca-keosa, Pars-vidy3 and Apar3—idya, Meaning of Dharma, Sia. Purusirtha, Sreyas and Preyas
Virdsrama-dhiarma Dharms- Svadharma and -S3dharans Dharma, Bna, Yajna, Karms-yoga Sthitaprejha.
Lakasamgraha, and Law of Kasrm=

C4.1 & KesmiraSaiviem, Saieasiddhintz. ViraSaivism. Saktsm and Vamnavism: Kasmirabaivism —'F‘mljrih}lijﬁi_
school, Sva and Eﬂ_kll. and Conception of Rriya, Saivasiddhantz - God (pati) and Divine Power {saktil. Proofs for
God's Existence. Bondage and Liberation, VirsSamism — Philosophical basm of VirsSaivism, Sakbism -
Philosaphical basis of Saktism. and Yaishavism — Philosaphical basis of VaiEnaviem,

Ch_2 Contemporary Indian Philosophy

C4 2.1 Vivekananda' Notion of God. Freedam and Karma, Nature of Soul/sslf, Practical Vedanta, and Unversal
Roligion. Aurobindo: Warld Process - Involution and Evolution, Four Thearies of Existence, The Supermind.
Integral Yoga. and Gnostic Being. Igbal: Nature of Intuition, Nature of Self. and Notion of God Tagoere: Humanism
and Maturs of Man. Moton of Religion. and Nabomalism K. C. Bhattacharyya: Concopt of &bsolute and fis
Alternative Forme and Molion Subgectivity dad Freedom. Radhakrishnan: Mature of Ulbmate Reality, Religiows
Experience. Intelleet and Iptuition, Hindu View of Life. L Krishnamurti Notion of Frecdom, Cheicoless
Awareness, Truth s 3 Pathless Land, snd Mation of Educstion Gandhi Notion of Truth, Men-viclence,
Satyagraha Swaraj, and Trusteeship. Ambedkar: Annihiation of Caste, Nep-Buddhism, Democracy. and Natural
Hights and Law. M. K. Roy: Radical Humanism and Mataratism.

€&.3 Classical and Modem Western Pﬁilﬁuphr

C431 Metaphysics: Pre-Socratic Philesophy of Thales, Anaxzgoras. Anzximenies. Jonians. Pythagoras.
Parmandes Horaclitus and Domocritus. Metaphvsics of Plato and &ristotle: THe question of Being (lo on/ousial:
Bairrg a5 |dea in Plato’s Praede, Republic and the Sophist Bding a5 synihesis of hyls [mistier] and morpha [formi]
in Anstotle's Metaphysics and Physics. Prablem of evil and existence of God in St Augustine. St Anselm, and 51
Thomas Aguinas Metaphysics i Modarn Philosephy: Substance. Mind-Body Dualism, Attribute. Paratlelism. Pre-
esiablished harmony, the sxistence of God, Froblem of Sobpsism, Self and Personal Jdentity. Refaction of
Metaphysice: Fhenomena and Noumena Transcendental Deduchon of Citegories, Being and Becommg. Absalute
ldeatism
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C4.3 2 Epstemology: Plato and Ansiotie’s: Theory of Knowledge, Dona Eosteme, and Sophm; Mathod: of
Dialectics, Theoreticel and Practicel Reason. Theory of Causation. Descarte’s Mathod of Doubl cogito ergo sum.
Innate ideas and itz refutation. Principle of Non-contradiction. Sufficiont Reasan, and |dentity of Indiscornible.
Locke's Three Grades of Knowledge Berksloy's Critigue of Abstract |deas. Hume's Impressions and |deas.
Induction and Causality. Kant’s Copernican Hevolution, Forms of Sensibility. Possibility of Synthetic 3 priori
Judgments. Hagal's Thalechcs. Sairit and Absoiute ideatism

€433 Ethics: Concepts of Good. Right. Jushce. Duty, Obligation. Cardinal Virtues, Eudsemomsm: inturtion as
explained in Teleclogical and Deantological Thearies; Egaism, Altruism, Universalism. Subjectivism, Cultural
Rolgbvism. Super-naturali=m. Ethical realtsm and intutionism, Kant's moral theony, Postolstes of Morality,
Good-will. Categorical Imperative, Duly. Means and ends. Maxims; Wildarianism: Principle of Utility, Problem of
Sanction s Justihcation of Morality, Meral theorizs of Bantham. 1 S Mill Sidowick: T.h}q-u'iar._ of Punishment:
Ethical Cognitivism 2nd Mon-cognitivism, Emativism. Preserptvism, Bescriptivism

C43 £ Social and Politcal Philosophy. Plaio's theory of Justice and Siate. Anstotle's definition of Siate and
Political Maturzlism, Classical Liberslism and Social Contragl Theory (Hobbes, Rousseau. Lockel Marx's
Dizlectical Materialism, Alenstion, znd cribigus of Captalism

€435 Logicc Truth and Validity, Maturs of Propositions. Categoricat Syllogism. Laws of Thought Classiication of
Propesitions. Square of Opposition, Truth-Functions and Propositional Logic. Quantification and Rules of
Guaniification; Symbobic Logic: Uss of symbols: Truth Table for-testing the validity of arguments: Differences
betwoan Deductive and inductive Logic;, Causaliy and Mill's Method.

Ci.h Contemparary Western Philosophy

C&.5.1 Frege's Sensa and Reference: Logical Positiviem™s Yorficabon thoory of meaning Elmimation of
Mataphysics; Moore's Distinclion between Sense and Reference: Delerse of common-sense, Proof of an
External World, Russell's Lagical Atomism. Definite Bescriptions. Refutation of Idealism; Witigenstein on
Language and Reality, the Picture Theory. critique of private language. Meaning and Use, Forms of life; Gilbert
Rvle on Systematically Mrsleading Expressions, critigue of Cartesran dualism; WV.B. Quine's Two Dogmas of
Empiricism. PE Strawson’s concepl of Porsan: Huszerl's Phenomenotogicdl Methed. Philosaphy 3= 3 rigorous
sgiance. Infentionality. Phanomenological Reduction, Intar-subjactivity, HEidag_ger's concepl 6f Baing (Dzsain),
Baing in the world, Sarire’s Convept of Freadom, Bad-fith. Humanism; Meriaau-Ponty on Perception. Embedied
Cansciousness: William James’s Pragmatic Theores of Meaning and Truth; Varieties of Religious experience;
John Tewey on Pragmatist Epistemology with focus en Ingwry, fallibdism and Experience, Educstion; Miztzsche
on the Critigue of Enlightenment Will ta Power Genealogy of Moral. Richard Horiy's Critigue of
Representaticnalism. Against Epistemolegics| method, Edifying Philesophy. Levinas: Ethics as-3 first philssophy.
Philosaphy of ‘other’. Rawis' Vel of lonorance, Principle of Justice: Nozick's critique of Rawls, Libsrtarianism
Charles Taylor's Communitananism, crtique of the Liberal Self. Politics of recegmition; Martha Nesshaum's
Libarzl Femmism and Capability Approach;:Simene de Beauvoir on Situatzd Freadom and Ethics of Ambiguity;
Code and Harding dn Situated Knowledge and Strong and Weak Objectiity; Gilligan and Moddings on Ettice of
Care_ Debate boiwesn Care and Justice,



XH-C5 Psychology

CL. 1 RBusearch Methods and Stalislics

£5.1.1 Approschas o Boesearch Philosophical worldviews & crifetis invibléed in approach. Research desion:
guantttative & gualiative, mized methods.

C51.2 Dezmmng Resezfch Hesoarch problems, purpoce sistement Vanables and Operatiorial Definstions;
Hypothoss. Sampling.

C5 1.3 Naturs of Quantitatwa B Qualitsivve Research: Structored, same-stroctured mletviewing. setfcomplotion
questionnaires” (Survoy], obsecrvation Expenmental Quasi-sxperimental Feld studias. Focus groups
distussions, Narratives. Case studies. Ethnoaraphy

5.1_4 Ethits in conduciing and réporting research.

C5.1.5 Stzbstice i Psychology: Measuses of Central Tendency and Bispersion. Normsz| Probability Curve:
Parametric and Nompacamelric testes Effoct size and Poweranalysis.

C514 Corrolationzl Analysis: Correlation [Product Moment. Rank Ordarl Pastial correlstion. multiple
correlation:Special Corrmiation Methods: Biserial; Pamt biserial. tetrachionic, phi ceefficient. Regressiom Simple
lirmar reg.ml!.ﬁinn, Multiple regression. Factor analysis: Assumphians, Methods. Rotation and Interpretation.

€517 Expermental Desgns ANOVA-|One-way, Factoriall, Randomized Block Desiwns. Repeated Measures
Dosign. Latm Sguare, Cohort studies. Time sermes MANOVA ANCOVA. Single-subjent designe:

C52 Psychomstncs: Foundations of Psychological measuremant: EE!,L: components. scales and ilems’
Construchon’ and analysiz of items: Intelligence test tems. performance tests, Ability & Apbiude lest
Porsonalily gueshonnaires. Mothod of test construction Siandardization of measures Reliability. Validity,
Narms=, Applicafion of assessment and measuremenis in Tesiz— Applications of peychological testing in
vanous settings-edusations, counssiling 2nd gudance, clinical orgamizational and developmental

5 3 Bmlogial and Evolutionaly Basis of Behaviaus: Heredity and behaviour Evolution and natural salection,
Nervous systom, structures of the brain and their functions. Meurons Structurs. funclions. types, ru.-m:l
impulse, synaptic transmission. Newrotransmitters. Homispheric laterzlization. The endocrine systemn types
and funchons. Brological basis of Motivation: Hunger. Thirst. Slesp and Sox. Biotogical basis of emotion: The
Limbic system, ‘Hormahal fegulation of bohavidur, Mathods of Physiological Paycholagy: Invasive mothods —
Anatomical metheds, degeneratian techniques, lasion technigues, chemical methods, microsalocirode studies,
MNon-invasive metheds — EEG. Scanning methods, Musculsr and Glandular system: Genetics and behaviour:
Chromosomal anomalies; Nature-Murture controversy [Twin studies 2nd adoption studies]

L34 Porcephion Leaming Memory and Forgelting: What is =orsafion, sonsory thresholds and =nsory
adaptations, Vision, hearmg. touch and pain. smell and taste, kinesthesis and vestibular sense. Parcaption: role
of attenbion; organizing:principles of perceptien, gestall perception, depth percepbon and itiusmons, Theories of
learning: classical conditionsng. operant conditiomng. social leamimg theory, cegnilive learnmg Maemary:
enceding, storage refrieval Information processing thoories of memary, Betnieval in Long term memory,
reconstructive nature of leng-term memary, 'nggitihg- encoding failure. interfrrence theory, memory trace
deczy theary, the physical aspects of memary.

£5 5 Cognition: Thinking, Intalligence and Language' Basic elomenis of though: Cancepi=z, Propesitions, Imggg{*y.
Cyrrent par=digms of coanitive p-a'_r:'hnlagi_.' — information processing approach. ecological :ppfﬁ:a:h. Probilem
solving: Mathods of problem solving, Strategies-and obstacles, Role of Msotacognitive processing. decision-
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making: choosing among alternatives, Intetligence: Theornes of mislbgenco [Spearman; Thurstons, lepsen;
Cattell Gardner: Stepberg] and Emobonzl Intelligences Messuring intelligence, Indivduzl differapces in
Intelligenca. Role of haredity and environment. Difference betwean Intelligance. Aptitude and Creativity

Ch.6 Porsonality. Theories of persanalily. Poychoanslytic, behawveursst docial cognitive wview, hiumaniem and
trait and type theoties, Biolegy of personality and Assessment of personality.

C57 Maotiwation, Emotion and Stres= and Coping: Approaches o understandimg -motwation: inshmet, drve-
raduction; aroisal inceniive, humanistic, fchievemnaent motivation. Intrirsic mobivabon aq;l‘e'ﬁs}nﬂ curiasity and
exploration, Emotions: nature of emotions, biological basis of emations. Theories of emotions  James-Langs,

Canan-Bard. Schachter and Singer. Lazarus, Dafinition of stress; what are stressors: cogmitive factors i stress.

Factors in stress resction: Ganerst adaptation syndrome: effect of siress. Coping with stress problem-focused
copmg; emotion-focosed coping. HEBT and meditation

£58 Socoz| Psychology -Socal perception: Attribution: /mpression formation; socil’ cetegonzation, ymplicit
personality theary. Socia! mfluepce: conformmity, compliance and ebedience. Attrtudes. beliels and values
Ewaluabing the social world, sthiude formation, stbtude change amd persussion, cagritive dissenance, Proudice.
discrimination. Aggression. power and prosecial behaviour. Belief systems and valus pafierns: Group dynamics.
leadership style and sffectiveniss. Theories af interaroup relations and conflicts.

C59 Development Across tha Life Span Nature versus nirture in human developmeont, Pregatal dovelopmieint:
tl'uw“rﬁnmgs Genes and DNA. Physieal cognitive and psvchosatial development in infancy, childheod,
sdolescence and adulthood. Theories of aging, Moral development.

C5.10 Applications of Psychology. Peychalogical disorders: Conceptions of mental dizorders. Aszessment and
diagnosis. OSM and Other tools. PTSD and Trauma. Psychotherapies: Psychodynamic. Phenomenacisgical/
Experiential thoragy; Hehawviour therapy: cognitive therspy: biological therapy, Applicztions of theones of
mativation and desrmng m School:  Facters m educational achievement] counselbng & guidance i schoals,
Application of theories of motivation learning, emotions, perceptions, group dynamics & leadership to
grganiz=tional zei up, lssues of Personal space crowding. and termitorality



XH-C6  Sociology

€4.1 Sociological Theary

C&.1.1 Chageical Sociplogicat Traditions: Emile Durlbieim (Socisl Solidarity. Secial Facts. Religion. Functionalism,
Suicide. Anomie. Qivision of Labour, Law: Max Weber (Types of authority, Social action, Protestant ethiz and the
spitit of capitalizm Eum;mmcy Ideal Ly o=, Helhd&nlﬂgﬂ_: Karl Marx Class and class conflict. di.;iei‘!itzl and
histoncal matenzhism; capitalism, surplus value, alienztion).

€612 Svuctural-Functionalism and Structuralism' Bronislaw Malinowskc AR Radciiffe- Brown, Talcott
Parsans (AGIL Systems appreach), Robert K. Merton [Middle range theory. reforence groups latent and
manssst unction), Claude Levi Strauss (Myths Structuralism).

€41 3 Hermengutic and Interpretative Traditions; &H. Mead, Alfrad Schotz (Phenomenalogy); Harold Garfinkel
{Ethnomethodologyl, Erving Soffman Symbolic ntemsction, drematurgy)h Clifford Gzertz (Culture, thick

de=ctiption].

C41.4 Post-Medormsm. Post-Structurabom and Post-Colomzlam: Pierre: Bourdien, Mrchel Foucoutt, Jurgon
Habermas, Anthony Giddens, Frankfurt School.

€41 5 Conflict Theary: Ralf Dahrendorf; € Winight Mills.

Cé.0.61ndian Thinkers: M. Gandhi, 8 R. Ambedkar, Radha Kamal Mukberjee &, S Ghurye, MN Srinivas, lrawati
Karve.

C4.2 Ressarch Methadology and Matheds

C42 1 Concoplualizng Social Beadity; Philosophy of Sciance] Scimntific. Mothad  and Eﬁﬂmraé!q;y in Social
Science: Hermeneutic Traditions, Objoctivity and Reflexivity in Social Scienca, Ethics and Politics of resaarch,

C42 2 Bewearch Design. Aeading Socizl Science Research, Data and Documents: Induction and Deduction: Fach
Concept and Theory, Hypotheses Research Ouestions. Ubjectives.

Cé2.3 Quarittalive and Qualitzive Methods Ethnography, Survey Method: Historical Method: Comparatve
Method.

Cé 2.4 Research Techniguis: Sampling: Guestionnaire and Scheduls; Siatistical Analysts; Obssrvatien. Interview
and Case study; Interprietation. Data Anglysic and Heport Writing,

€6.3 Sociologiczl Concepta

C43.1 Sociologicsl Concoplts: Social Structurs; Culture:s Network: Status and Rols; [dentity; Cammunrty:
Socialization, Diasporal Values. Norrms and Roles: Porzonhoed. Habitius and Agency: Buresucrdcy -‘Power and
Aiithority, Selfand society,

C43 2 Somal Insttutions: Marriage. Fémily and Kinstip: Econamy; Iﬁ'ﬁity: Retigion; Education; Law and Customs.

€5 3 3 Socsal Stratihication: Secial Oifference, Hierarchy, Inequality 2nd Marginalization: Caste and Class: Status
and Powsr; Gander. Sexuality 2nd Disability; Race. Tribe and Ethnecity

€6 3.4 Secizl Change: Evolution and ﬂiﬁlﬂﬁ'ﬂﬂ_. Modermication =2nd Devalopment, Soeial Transformations =nd
Globalization; Social Mobility ~Sanskritization, Educational and Dccupational change,

ESTE i, = Eangaiony e



Céad Agranan Soowlogy ang Rurs! Tramsformaton Rural and Pegsant Soctety; Caste-Tribe Dhshinetinon and
Continuurm: Agrarian Social Structurs and Emergent Class Relations: Land Dwrership and Agrarian Belstions,
Decline of Agrarian Economy, De-Peasantization and Agrarian Changs. Agrarian Unrest and Peasant
Movemnents. Faudalism, Mode of production debats: Land reforms; Panchayati Raj. Rural development
programmes and commumity dﬂmlnﬁmmt Eraen revolution and agriculturzl change: Peasants and farmers
movements.

C43% Family. Marrizge 2nd Kmship, Thearetical Approaches Struchn—.li_—lfunr_tl_'unalrst. Aliiance and Cultural
Gander Belstions -and Power Dynamics: Inheritance. Succession and Authority; Gender Seswality and
Reproduction: Children. Youth arid Elderly; Emobons and Family: Emergent Forms of Family. Chanamo Marriage
Praciices: Chanaing Care and Suppert Systems, Family Laws: Domestic Violence and Crime against Wamen,
Honour Killing,

Cé & Indizn Seciety/Sociplogy of Indiz’ Colonial MationslisL Indological perspectives (G.5. Ghurya), Struclural-—

“Functional appraach (MN. Srinivas; Dialectical spproach (AR, Besal), Subaltern studies (R. Guhal, Non Bahmin
perspectives (Phule, Or Babasshab Ambedicar), Feminisi perspectives (LeelaDube, Sharmilafege), Sorial
Institutians — Family, Kinship: Household, Yillzge 2nd Urhan Seitings; Socal Stratificatien — Caste, Tlass Tnbke
and Gendar: Tradition and Modermuty (MM -Srinivas. Yopendra Singh. Dipanksr Gupts), Peasants and agrarian
sociolégy (Andrs Beteille, A R Dessi, DN, Dhanagare), Village studies, Communalism and Secularism

Cé.7 Socizl Movemanls

C4.7.1 Intreduction to Socal Meovemenis Mature, Definitions, Charactenstics; Secial Movement :and Social
Change: Types of social movements (Reforim Rebaotlion Hevival Ravelution, insarrechon, Counter Movement].

£4.7 2 Theories of Social Movements: Strecturet-functional: Marxist: Renource Mebilization Theory; New Social
Movemants

€4.7 3 Secizl Movement m India with Speciic Reference to Soc:al Bass, Leadership ldeology and Achong
Paasant movement; Labour movement: Dalit movement; Women's movamant. Environmantal movement

€67 & Social Movemants, Civil Seciety and Glokalizmtion: Social movement and its relationship with state and
ot socisty; Sooal movements and impact of globelizstion: Debates; ssues of ctizenship:

4.8 Sociology of Development

C4E1 Perspectives on the Study of Developmest: Dofmitions and Indices. Liberal. Marxist. and Neo-Marxist
Perspectives [Dependency theory. World Systems), Epistemological Critiques of Davalopment.

C& 82 State and Market. Institutions and ideclogies: Planned Development and Socisly. Globalisation and
Libgralization,

C& B2 The Micre—Politics of Developmant Transforming Communities: Maps-and Models, Knowledge and Power
in Development; Ro-inventing Development: Subaltern Movements; Past-colonial development: Decentralization
and devolotion; Participatory approaches

C4 B & Susisinzble Development Post-sustainable development Devalopmenl. wiolence and ineguality. Post-
structural mﬁpﬂ:‘lm {Escalan), Allern;ﬂw-u dﬂw_lumnm'n paradigms: Feminist critigue: Human dwelupmnrli_



XL-P  Chemistry (Compulsory for all XL candidates)

Soction 1: Alomic Siructure and Perindicity

Manck’s quantum theory. wave particle duality, uncertainty principle, comparson between Baohr's medel znd
guantum machanical modet of hydrocen atom. efectronic configuration of atoms and ons: Hound's rule and
Pauli's oxclusion principle. Perodic fabie and penodic propertios: ionizabon  enorgy, oloctron affinity,
olostrpnegativity and alamic =ize.

Section Z: Structure and Bonding

lomc: and covalent bondmg. MO and VB approaches for diatomic molecules. VSEPR theory and shape of
moleciles hybridization: resonance_ dipale moment strecture paramialers such as bond length, bond angle and
bond energy, hydrosen bonding and van der Waals intaractions Jonic salids, lonic radii and lattice snery (Born-
Haber cyclo) H5AB principle '

Soction 373, pand d Block Elamonts

Oxide=, hatides and hydndes of alkal, alkaling sarth matais, B AL 5i. NP and 5. Generdl charactarstes of 3d
slement= Coordination complexes: valence bond and crystal field theary, calour. geametry, magnetic properties
ang isomarsm,

Seciion &; Chemical Equiltbria

Gsmotic pressure, glevation of boiling peinl and depression of Feezing point, lonic equlibria in salution.
solubility product common jon effoct hydrobyeis of salle pH buffer and their applications: Bguilibrivm
consiants (Ko Ko and Kl for homiogenaous reations.

“Seclion 5: Elactroc hamistry
Conductance, Kohlrausch law, cell potentisls. EMFE Nernst equstion, thermodynamic sspect= and their
anplications.

Sechion &: Reaction Kinelics
Hate constanl order of reactioh, molecularity, activation energy, zere. first and secomd order kinelics, catatysis
and elemeantary enzyme reactions. Reversible and irreversible inhibition of enzymes.

Soction 7: Thermodynamics

Qualitative troatment of =tato’ and path functions. Frrst law. reversible and: irmeversibic procesces internal
snargy. enthalpy Kirchoff agustion. heal of reaclion. Hess's law, heal of farmation. Secand law, enlropy and free
anergy. Gibbs-Helmhaltz equation, free ensrgy change and spantaneity, Free energy chanaes fram equilirium
constant

Sechion 8: Strucliere-Reactivity Correlations and Organic Reaction Mechamsma

Acids =nd bases clactrenic and steric offecte Stzroochemisiry, oplical and geomelrical izomerizm
tautomarism, conformers and cancepl of aromaticity, Elementary freatment of SN1, SN2 E1, E2 and radical
reactions, Hoffmann/Savizeff rules, additson reactions, Markownikoff rule and Kharasch eoffect Elementary
hydroboration reactions: Grignard’s reagents and thair uses. Aromatic elsctrophilic subshitutions. orient=tion
offerl 3= axamplifiod by various functional groupe: ldentification of commuon funclional groups By chamical
tesis



Seciion §; Chemistiry of Biomolecules

Aming acids; proleins. nuecleic acids and nutlestides. Peplide sequencing by chemical and enzymatic pratealylic
methads DNA sequencing by chemical and enzymatic mutheds. Carbohydrates luple hexoses only) Lipide
(triglycerides only) Principles of bhiomoiecule purification-lon exchangs and gel filtration chromatography.
|dentification of thesa biomolecules and Beer-Lambert’s law



XL-Q  Biochemistry

Sechion 1

Grganization of life; Imparianee of water; Structure and funcfion of biomalecules: Amine aeids, Carbohydrales,
Lipids. Proteins and Nucleic aids. Protein sfructure. folding/misfelding =nd funchion; Myoglshin. Hemaatobin.
Lysazyma, Hibopuclzase A, Carboxypeptidase and Chymotrypsing

Sechon 2

Erizyme kinstics. regulation 2nd inhibition. Vitamins and Coenzrymes. Bisenorgatics and metzbolism; Ganeration
and utilizstion of ATP. Matsbolic pathways and their regulstion: glyzelysis. TCA cycle. pentose phosphatle
pathway omdative phospharylation, gluconeagenesis. glycogen and faity acid metabolism; Metabolism of
Mitregen contaimng compounds: miregen fcation, smino acids and nucteotides, Photosynihasis, Calvm oy

Soclion 3

Hiethemical separation lechniques: lon eachange sme exclusion and afimity chromatography. centrifugation,
Characterization of biomolecules by slectrophoresis; DNA- protein 2nd protein — protem interactions, Uvisible
and fluorsscence spectroscony; Mass spectromatry.

Seclion &

I_:ﬂ_ll struziure and erganelles; Biological membranes: Action putantal: Tmﬁﬁm’! arToss membranes, Membrzne
assembly and Protein targeting: Signal transduction: Boceptor-ligand interaction; Hormanes and
neEniEnsmiliers

Seclion &

ONA replication. transcription and transiation. ONA damage and repar Bicchemical regulation of gene
expression; Racombmant ONA technology and applications: PR, site directed mutagenesis, DNA-micrearray:
Naot gerarabon sequencing: Gene sitencng and editing.

Seclion &

Immiine System: Innate and adaptive; Cell of the immime system. Active and passive immunity; Complameznt
systemn; Antibody structure. function and diversity: B cell and T Cell receptors: B cell and T cell activation; Majer
histccompatioelly complex: Immonologcal techmigoes; mmuno diffusien, mmune-stectrophoresis, 1A and
EL1SA How cytomeiry; monoclénal antibodies and their applications.



XL-R  Botany

Section 1: Plant Syslematics

Botemical nomenclature, histery of plant taxonomy, diversity 2nd classification of plants, AP systam of piant
ciassificabon] ‘phylogesetics and cladisbes, motecular fBaxopomy and ONA barcoding, Canters for plani
tzxonomy and herbariz in India

Section 2: Plant Anatomy

Anatomy of roat stem and leaves, tlorsl organs, embryo and young seedlings, Prmary and secondary
merEsteme steliar erganization, vasoular system and thewr ontogeny. xylem and phioem strocture. secondary
growth in plants and wood anatomy, plant cell structure and differances from animal celis.

Section 3: Plant Development: Call and Tiasua Morpheganesis

Life cyele of 2n angiosperm, development of male and female gametophyie: cell fate determination and tissue
patterming. spacmo mechamems in frchomes and stomats. Embryoponesic. organization and function of =hoot
and root Spical meristemis. Transition lo flowering photoperipdism and vermalization, ABC model of floral grgan
patterning, pollen germination, double lertilization, seed development. Xylem and phisem cell differantiztian,
photomarphagenesis; phytochrome. cryptochrome. phototropin. Role of sumn, cytokinin, gibbersiling. =nd
brassinostoroids on plant development

“Saclion 4 Plant Physiology 2nd Biochamistry

Plant water relations, mechanisms of upiake and fransport of wales jons, solutes from soil to plants, apbplashic
and symplastic transport mechanisms. Mechanism of stomatal movements. nitrogen metabolism.
photosynthemis; (3. C& and CAM cycles: photorespiration. respiration: plycolysis, TCA cycle and electron
transport chain, Mlant recponzes and mechanisms of abiohe siresses incloding drought. salinity, freezing and
hioal stress, metal toxicily. role of abscisic acid in abiotic strocses.  Structurs and funclicn of biomolocules
(proteins. carbohydrates, fipids. nucleic acid), enzyme kinatics. Structure and biesynthesis of major plamt
zocandary metabolites jalkaloids. terpenes, phenyloreganoids, flavanoids), Biosynthesis, mechanism of action
and physislogical 2ffacts of amun. cytokinin, gibhersllic: acids. brassinosteroad, sthylene, strigolactone. sbsamc
atd, salicylic and fasmamo atid. Serosconco and programmed cell death.

Seoction 5: Genelics and Ganomits

Call cycle 2nd cell division. Principles of Mendeliagn inheritance, lmkage. recombination. genetic mapping; extra
chromosomal inheritance; Introduction to smgenetics; gene silescing- ransgane siloncing, post transenphcnal
gone silencmg, miRMNA and sikNA avelubion and orgarization of eukaryobic genome siructure: gono eXpression.
gena mulation apd repar. chromesomal ‘sbarmations Inumernical: euplaidy and: aneuplaidy and structural
delation, duplicatsn i'n':rl;-rsiuﬂ tansipation), tansposons.  Model organisms for functional genaties and
genomics; Intreduction to teanscnptomics, protesmics and metabelomics.

Sochion & Plant Breeding. Ganetlic Modificalion. Genoma Editing

Principles, methads — selaction, hybmidization, heterosi=: male storility, cenetic maps and molecultsr markers,
embrye rescue. haploid and doubled haploids. plant tissue culture: mrrnpmpagaﬁnm ambryo culture and in
witra regenerzbon, somabe embryegenesis, arhficial seed, cryopreservahon, somacionzl verabon, somatic cell
hybndization. marker-assistad salaction. gene transfer matheds viz direct: and vector-mediated, generstion of
transgonic planis! [nfrodichon ta pepome efiting: CRISPR/Ca=9. Cra-l ox syctom o generate chimeras: pla=td
transformation;,. chamizal mutzoeaesis,

=47E 22k 13- Bangafar bzl



Seciion T: Econamic and Applied Botany

A ‘general account of economically and medicinally mporiam plants= cerazls, pulses, plants yielding Abeis,
timber. sugar, beverages. oils. rubber, pigments, dyts. gume drugs and narcetics. Eeonamic importance of
alg=e, fungi. lichen =nd bacteria Major Indian csh crops, Effect of industrialization an agricultural botany such
as plastic on fiber ecanomy, Ganetically modified creps and its regulation, e.g. Bt cottan, Bt ihrirl;iai_ golden rice
afc:

Seclion & Planl Pathology

Nature and classfication of plant diseasss, diseases of important crops caused by funai, bacteria, nematodes
and viruses, and thor contrel measures {chemical and Bologieall mechamsmis) of pathogones:s, resistance:
basal. systemic; indoced systemic resistance. gene for gene concept. Molacular detechien of pathogens; plani=
microbe inteiactions: symbionts and mycorrtuza, pathogens and posts. Signaling pathways in planl delence
response. galicylic acid (SAY and jasmaonic acid (1A} in plant-pathagen and plant-herbivere intoraciion, nocrosis;
host-parasitic plant interaction !51.!‘.:1: as Diszuls) .

Soction 9; Ecology and Environmant

Ecosystems — lypes. dynamics. degradatioh. biogeochemical cyeles: ecological sSuccession, food webs anid
snargy flow through ecosystem; vegeiation types of the world, Indian vegetation types and hiogeographical
zones. chimate and flora endemism: pollution and global climate change, speciation and extinction. bicdiversity
and conservation strategies. scological hotspots, afforestation. habizt restoration: plant interactions with other
argamsmes; amphyies, parasies and sndophyios.



XL-5 Microbiology

“Section 1; Historical Perspactie

Di=covery of microbial world. Landmark discoverios relevant th the field of mi-:mhiﬁ-lgg}_ Confroversy over
spontaneoys gener=hion; Aole of microorganisms in transformation of organic matter =nd in the csusation of
dissases

“Section 2: Methads in Microbiology

Pfure cullure technigues, Principles of microbial putrition; Ennchment culture techmiques for isolation of
microarganisms: Intigen and antibody detection mutheds for microbal dagnosis Light-, phass contrast-.
fluorescents- ‘and: olectron-microscopy; PCR roal-time P‘EH for guantitation af microbes; Next generation
zsquencing fechnologees in muicrobiology

Section 3; Microbial Taxonomy and Diversity
Bactoriz. Arches and their broad classific=bion, Eukaryotic microbes: Yeasts, malds and protozos; Vinuses =nd
their classification; Molecular approsches to microbial taxonomy and phylcgeny

“Section & Prokaryotic Cells: Structurs and Funclion
Frokaryetin Calls; Call walls, cell membranes and their biosynthesis. mechznisms of =olule tmnsport across
membranes. Flagells and Fill Capsules, Call inclusions like endospores and gas vesicles; Bactaral locomation
including positive and neaative chamotaxs:

“Seclion 5: Microbial Growth
Dafinition of arowth: Erowth curve: Mathematical expression of exponential growth phass: Measuremant of
_growth and growth yields; Synchronous growth: Continus culturs; Effect of enwironmental factors on growth.
Bactarial biofilm and bicfeuling.

“Seaclion &: Control of Micro-arganisms
Giginfachion snd Stentizabon Principles, mathods and assessment of efficacy.

Section 7: Microbial Metabolism

Encrgetics: redox redctions and electron carmers: -Electron fransport and oxiflative phecphorviation: An
guerview ol moisbolisen! Glycolysis. Penlosephosphate gathway, Entner-Doudoroff pathway: Glyaxalale
pal!‘mér. The citric acid cycle: Fermentation; Asrobiz and anaercbic respiration; Chemelithatrophy.
Photosynthesis; Catvin cycle; Biosynthetic pathway for fatty acids synthess; Common regulatory mechanisms m
zynthesis of amine 2cids; %gu_lat!ﬂn af major matabolic pathways.

“Seclion 8: Microbial Diseases and Host Pathogon Interaction
Narmal micrabiota: Classdfication of infectious diseasas, Reservoirs of infoction: Mosocomizl infection.
Opportunistic infections; Emerging infoctious diseases; Mechanism of microbial pathogenicity. Nopspecific
defense of hiost: Antigers and antibodiss; Humor=l and cell madisted immunity; Vacoines; passive immanization:
Imimone dahciehcy; Hurman dize3ses caused by viruses bacteriz. and pathogeonic fungt

Soction 9: Chemotherapy/Antibintics
General charactenstics of antimicrobial drugs; Antibiotics: Classification molecular mechanism of mode of
actian and ressstance; Antifangat and astivirsl drugs.



Section 10: Microbial Genstics:

Types of mutatiors WY and chemigal mutaaens, Selettion of mutants Ames lest for mulagenesis; Bacterial
genelic system; transformation. :nrﬂugaiiﬁri. transduction, recombination. plasmids, transposans ONA repair.
Hegulation of gene expression repression and induction, Dperon model Bacterial genome with sp@-:a:l
raeference to: Ecoli; Phage A and its [fe cycle; ANA | mutston m virds cenpmes, wirgs secembmation’ and
ragssoriment Basic concept of microbial genomics.

Soction 11: Microbial Ecology
Microbial interzctions: Carbon, sulphur and mitrogen cyolos: Soil micrmorganisms associated with wascular
ptanis: Bioremediation: Uincultivabie microorganisms; bask concept of metzgenomics and metstransoriptomcs



XL-T Zoology

Section 1; Animal Diversity
Distribution, systematics and classification of amimals. phylogenetiz relationships fhased on classical and
malecylar phylogenatic tools),

Sechion 2! Evolution
Grigin and histary of life on 2arth. theorios of evolution. aatural solection, adaptation, spacialian,

Soclion 3: Gonebcs

Basic Prninciples of inhentance, molacular basm of heredity, sex dotermuinationand sex-linksd charaetanstics,
cyloplasmic mhenlance. [mkage. recombimabon and mapping of genes m ecukaryolos, populabion genetics.
genelic disorders, roles of madel organisms in undersianding genstic principles

Section &; Brochemisiry and Molecular Biology
Nucleic acids, proteins, bpids and carbohyidrates; replicabion, transchphon and translabion, Krebs oycie
glycolysis, enzyme catalysic. hormones and their achions roles of vitamms and minerals.

Section 5: Cell Biology
Basic principles of cellufar microscepy, structure of cell, cytoskeletal arganezation, cellular organelles and their
structure-and function, cell cycle: cell division, chromosomes and chromatin structur,

Section & Gene expression in Exkaryotes
Euksryotic genome organization 2nd regulzbon of gene expressien. hzlﬁﬁémhls elements

Soction T: Animal Analomy and Fhysiology
Comiparative physiology, the respiralory sistermn, Moscular system, circulatery system. digestive system. the
neripus system, the excretory system. the endocring system. the repreductive system. the skelstal sysiam

Section 8: Parasitology and immunology
Nature of parasite. hosi-parasite relation, protozoan and helminthic -parasites, the mmunse response: callolar
and humaral immiune response.

Soction 9: Dovelopment Biology
Gametogenesis, Embryonic development, cellular differentizbion, organcgenesis. metamorphosis, Model
argamsms used in develoomental bivtogy, genetic andmolacular basis of deveiopment_ stem celis

Section 10: Ecology

The araﬁﬁtsm Anitmal distribution, ecolegica! niche and its contribution to Hﬂln'q_i!;ﬂ diversty, the fosd cham
populstion dynamics. spocies diversity, zoopoography, biogeschemical cyclos, conservstion biology,
asrctoxicotogy,

Secticn 11: Animal Behaviour
Type of behaviours. courtship, m=hing and tE'r‘r‘itnri.ﬂity, instinei, l=arming and memory. socal behaviour across
the animal Exa commumication. pheromenes, evolution of bahavior in animals;



XL-U Food Technology

Soction 1; Food Chamistry and Nulrition

Carbohydrates: Struciore and fiunctional properties of monc- oligo-. & poly- saecharides incloding =tarch.
colluloss  pectic substances and dicigry fibre, gelatinization and retrogradation of slarch. Proleins:
zlassification and s'huc‘lu_ra of proteins in food. h"rﬁ-;!niual thanges in post mortem and tenderization of
muscles Lipids: classification end structure of lipids, rancidity. polymenzation and polymorphism. Figments:
caroienoids, chtorophylis, anthacyanms, fanmms and myogiobm, Food favours: ferpenes, esiors, aldehydes,
ketones and quimpes Enzyvmes specificity, simple and mhibiten kmehcs codnzymes, enzymabec and non-
snzymatic browning. Nutrition: balanced diel. essential amina acids and essential fatty acids. protein efficiency
ratis, water soluble and {3l soluble vitamins. tole of minersls in nutrition, co-factors, anti-nptrients,
nutraceudticals, nutnient defioency diseases. Chemical and biechemieal changes: ehanges occur in feads dﬁrinu
differgnt processing:

Seciion 2: Food Microbiology

Charactoristics of Microorganisms: Morphology of bactena, yeast. mold and actmomycetes. spores and
vegetative cells. gram-staining Microtial growth: growth and death binetics. senat dilution technigue. Food
spoilage: spoilage microbrgamsmes m different bood products including milk. hish, moal egy. cereals and thar
produciz Texins from micrebes: pathegens and nor-pathogens including Staphylococcus Salmenalla, Shebells
Escherichia, Bacillus, Clostridium, and Aspergillums gensra Farmenied foods and bevaranes: curd, yoghuri.
cheese. pickles. soya-sauce, sauarkraul. il:.llz;r. dese, winegar, alcoholic beverzges and salsage.

Section 2: Food Products Technology

Frocessing Principles: Thetmal precessing chilling, freezing, dehydration. addition of presetvabives and food
additives irradiation, fermentation. hurdle lechnology. intermediate maisture fosds Food pack aging and
storage .pafkaﬁing materials, asuplic packaging, controlled and modified ;I:l':m:iphm siorage. E?lﬁ_al
processing and products; millmg of rice, wheat, and maize, parboiling of paddy, hread, biscuils, extruded
prodocts and: Feady 1o ceat breakfast ceresis Dl processing sxpefling, solvent cextrachon, refining and
hydrogonabon. Fruits and vegetablos procos=imig extrachon. clanfication concentration and packagmo of fmuk
juice. gam, jelly. mammalads., squash, ::ndiﬁ_tﬁmain sauce, kelchup, and puree. patate chips. pickies. Plantation
crops processing and products: tea coffes. cocos spice. extraction of essantial oits and oleoresins from spices.
Milk 2nd milk products processing: pasteurizehion aad sterflizzbion. cream. butter,. ghee, ice- cream, cheese and
milk powder. Processing:of animal products: drying; canming. and freszing of fish and meal: produchon of egg
powder. Wasto atilization:. pechn from fruil astes u=ess of by-products from rice milling. Food standards and
guality maintenanco: FPO PFA. A-Mark, 1S HACCP food plant sanitation and cleaning in place (C10)

Sochion &: Food Enginesring

Mass and energy balance: Momantum transter: Flow rate and pressure drop relationships for Mewtoman fiuds
Howing throogh pipe. Heynolds mumber Heat transfer heat transter by conduction, convechon, radiabion, heat
exchangers. Mass tansfor: molecular diffusion and Flick's law, conduction and convective mass framafar
permeszhility through single and multilayar Rlms Machanical operations: size reduction of solids high pressure
homogenization, filtration. centrifugation saitling. sievipg, mixing & aoitation of lguid. Thormal sperstions:
thermal steriization. evaparation of liguid foods, hat ar drying of solids, spray and freeze-drying. freezing and
erystallization: Mass transfer operabons: peychometno, bumiditication and dehumidification oparabions.:



15. Disclaimer

“Tanel GATE offices never sell or advertise any GATE examinafion test papers or syllabus Candidates are
advized to stay alert shout fraud. spam or fake emails. text- messages promising to offar services in the name of
GATE Any individual or erganizstion claiming to ssll or distribute GATE papers in the name of IS¢ and IMTs will

attract =ppropriate |egal action

Duealifying in GATE examination does NOT guarantee admission, scholarship, ar a joh. Admissicn to any institute
is fully dependent on the admitting institute’s critena for educational qualification. GATE qualificaticn doss not
assure 3 Public Sectar Undertzking (PSU) joby, 2 it dapents cn the recruifment procedire of the cancerned PSU.
No ms.punmblhtv 15 3ssumed for admission, schelarship. or 3 job.

Call for a2dmissions 1o M.Tech. PhD. or any other program will be advertised zeparately by the regpeciive
institutions and the GATE Organising [nstitute is nol responsible far admissione GATE zenal offikes wall not
enleriain any quanes partaining to admission, reservation of seats. award of scholarship/assistantship. etc. No
lizbility is assumed for any legal obligations relatad o admission.

The data provided by the candidates dirmg the application process as well 45 their GATE rasults may ba shared
for sdmassion or recrinbment purposos.

PwD and Dysiexa cartificates may be verified by the admittimg instifule. The GATE Orgamsing Institute will not
be responsibie for moorrect declasation of the dystaxic status:

The datos mentioned here are subiect tochange due to unforesasn circumstances, In rare cases, itmay become
necessary to posipone the GATE 202& examunation because of situstions beyond the control of the GATE
Orgamsing Institute. Al updates will be availabls on the GATE 2024 websile: hitps://gate? 024 asc.2cand

Candidates found using unfar means and not complying with the code of conduct and ethics of GATE 2024 will
hiave thair candideture cancellad regardless of whether they have been sllowed to complate their axamination
ar not, Appropriate legzl action may be mitiated against all such candidates.

In all matters concernimg GATE 2024, the dacision of the GATE 2025 Urgamsmg institute will be finzl and binding
o all the applicanis

Although GATE 2026 will be held o differont centres azress the country, Indizn Institute of Science NISc)
Bengalury, is the Organisimg Institule and has the overall responsibility of conducting GATE 2024 In case of any
claims or dispules arising in respect of GATE 2024, the High Court of Karnataka in Bangaluru shall have the
sxclusive jurisdiction lo enlartain and seltle such dispules and claims
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