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PREAMBLE

The Institution of Engineers (India), established in 1920, is a pioneer in the field of nonformal
education in engineering, having framed its course structure as far back as in 1924, Now the Institution,
with its 15 engineering divisions and having well established infrastructure, has taken the lead to frame
practice-oriented non-formal engineering courses for the country as a whole. The need of the time,
development of cutting edge technologies and inclusion of new emerging areas have been given due
consideration. It spells out the national policy of the country in the field of engineering
education—both formal and professional. The revised course structure has been worked out involving

eminent academicians, technocrats and practicing engineers.
While developing the Revised Syllabi, special emphasis has been given on the following aspects :

® The course structure and the detailed syllabi have been made suitable for non-formal education in

engineering,

® 'T'he structure and courses have been designed to meet the requirements of the profession in

consonance with the need for developing professional competence.

® The course structures have been based on (a) basic commonalities, (b) advanced commonalities,

(c) discipline commonalities, and (d) specialisation.
® As faras practicable, uniform course structure has been adopted for all engineering disciplines.

® The course have been designed to develop the competence level of the candidates primarily as
hardcore engincers. This is important because the question of competence comes into account when

mobility of engineers from one country to anothet, as is happening now, is considered.
@ The course structure has provided laboratory exposure to the candidates.

For development of course structure in different engineering disciplines, requirement prescribed by
AICTE, demand of industties, interest of working professionals, and future needs of the engineering
profession have been keptin mind. Stress has given on the total concept—education and experience. The
educational content for the prospective competent engineer to practice has been well-defined in the

course structure.
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1.1

12

13

Only members of The Institution of Engineers
(India) arepermitted to appear & the examinations
conducted by thel nstitution in conformity with their
eligibility and qudifications. Eligibility and
qudificdions for eection as members of various
dassesarewwwieindiaorg

The Institution conducts the following
examindtions:

Section A (DiplomaStream)

Section B in thefollowing branches of engineering

Chemicd Engineering

Civil Engineering

Computer Science& Engineering

Electricd Engineering

Electronics and Communication Engineering

Materids and Metdlurgicd Engineering

Mechanicd Engineering

Mining Engineering

Production Engineering

TextileEngineering
The examination in one or more of the above
branches may be discontinued with prior
notification.l n addition to the ebove examinations,
the Coundil of thel nstitution may introduce Section
B examination in one or more of the following
branchesof engineering:

Aerospace Enginesring

Agriculturd Engineering

Architectura Engineering

Environmentd Engineering

Marine Engineering
The Ingtitution Examinations shal be hed twiea
yeat, generally in June and in December — termed as
SUMMER and WIN TER Examingion, respectively
in the schemes as may be decided by the Coundil.
TheCoundl may, however, changethefrequency and
timings, if necessary. The exact dates of

examinations, the programmes thereof and the
period of submission of examindion goplicdion

2

EXAMINATION RULES

SECTION A AND SECTION BEXAMINATIONS
(Any notification, changes, modificationsand alterations shall normally be intimated to the members
through Technicians’ Journal and IEI HQS website - www.ieindia.org)

1 GENERAL INFORMATION

14

15

Range of Marks Grade Grade
(out of 100) Symbol Point
75100 H 10
66-74 A 9
60-65 B 8
50-59 C 6
3549 D 5
20-34 E
019 F
Notes:
1. Only gradewill be provided in individua subjects.
2. In the pass grade cad of Section A/ Section B
Examination, gpart from grade in individua
subjects, GPA (Grade Point Average) will aso be
provided.
3. For acomplde passin Section A or in Section B,
minimum GPA shall be 6.
16 Any subsequent change in the rules, as may be

DETAILS OF EXAMINATIONS

2.1 SEcTioN A EXaMINATION

[Technician members enrolled with the
Institution earlier are only eligible to apply
for appearance in thel nstitution examination
within the stipulated period. The enrollment
includes registration for examination in
Section A (Non-diploma)]

forms shdl be notified. N o information will be
sent to members individually.

Candidaes shdl berequired to strictly adhereto the
Rulssfar Caxtid o Exarinasin theExamrdian Hal
(Appendix I1) and any violation of the same shal
atract pend messures, as may be decided by the
Council of the Ingtitution. The decision of the
Coundil in dl such maters shal befind and binding
upon a member of the I ngtitution.

The following grading system for the Institution
Examinations shdl be followed for dl subjects of
SectionsA & B, labordory experiments and project
work :

approved by the Coundl from timeto time, shdl be
deemed to have been induded in the Rules of the
Institution Examinations. Each of such
amendments shdl be notified.

RULES & SYLLABI




21.1 A candidateshdl berequired topassin 10 (ten)
subjectsasgiven in Appendix | . Thefull marks
for examinaion in each subject is 100 (one
hundred). The duraion of examination for
each subject is 3 (three) hours. D etdled syllabi
of prescribed subjectsaregivenin pages 11-15.

21.2 A candidate shdl be required to secure

minimum grade ‘C’ in 8 (eight) subjects and
grade ‘D)’ in remaining two subjects to
completely pass Section A (Non-diploma)
examination within thedtipulated period. Score
of grade ‘1)’ in two subjects shall only be
considered in the last altempt provided the
candidate secured at least grade “C’ in all the
remaning 8 (eight) subjects with minimum
GPA being 6. The score of grade ‘D’ or lower
grade(s) in any subject(s) shal not be carried
forward. A candidate shdl be required to
regppeer in thosesubjects again.
Further, a candidate, who is not required to
gppear in dl the 10 (ten) subjects (Ref. 2.1.1),
shall have to secure minimum grade ‘C’ in each
of theremaining subject(s) for afind pass.

2.1.3 A candidate shdl not be permitted to appear
in more than 4 (four) subjects in one term,
induding the subject(s) in which he appeared
previoudy but could not secure minimum
grade ‘C".

214 If a Technician member, after acquiring

diploma level qualification, changes his
membership to Senior Technician, heshdl be
considered, on request, asexempted to gopear
from Section A Examination provided he
secured exemption (obtained GradeC or gove
with minimum GPA being 6) in four common
subjectsof samenomendaturein both Section
A (Non-diploma) and Section A (Diploma)
of revised syllabi. No passgrade card of Section
A shall beissued. Heshdl bedigibleto register
for Section B, with requisite feg, with an
undertakingthat he shdl not daim passgrade
cadfor Sation A. The CGPA shdl becdaulated
only on the basis of Section B Examination,
project work and laboratory experiments.
In case the Technician member secured
exemptionin oneor morecommon subject(s)
of ssmenomenclaturein both the schemes of
revised syllabi, gradein common subject(s) can
becarried forward, on request, after changeof
his membership.

Thechangeof membership from Technician

to Senior Technidian for candidaes appeared
inthecurrent examination, shall beconsidered
only &ter the dedaration of their result as
Technidan members After dedaration of reault,
these candidates, on their election as Senior
Technidan membersby virtueof ther diploma
qudification, will not be ableto gppear in the
immediate next examination as per rules.
However, they would be digbleto get fresh
six-year period from the dae of dection as
Senior Technician member to pass the
examinaion and dso digbleto get transfer of
exemptions in common subject(s), if passed
as Technician members

22 SecTioN A  (DIPLOMA  STREAM)
EXAMINATION

[Senior Technician members enrolled with the
I nstitution are only eligible to apply for
appearance in the I nstitution examination within
the stipulated period. The enrolment includes
registration for examination in Section A
(Diploma)]

221 A candidateshdl berequiredto passin4 (four)
aubjedsasgivenin Appendix 1. Thefull marks
for examindion in each subject is 100 (one
hundred). The duration of examination for
each subject is3 (three) hours. Detdled syllabi
of prescribed subjects are given in pages 16-17.

A candidde may berequired to qudifyinless
number of subjects provided such acandidate
in condderadion of hisacademic credentids, is
given exemption in one or more subjects by
the Ingtitution.

222 A candidate shall be required to secure
minimum grade ‘C’ in 3 (three) subjects and
grade ‘D’ in remaining one subject to
completely pass Section A (Diploma)
examination within the gtipulated period. Score
of grade ‘D’ in one subject shall only be
conddered in the last attempt provided the
candidate secured at least grade ‘C’ in all the
remaining 3 (three) subjects with minimum
GPA being 6. The score of grade ‘D’ or lower
grade(s) in any subject(s) shall not be carried
forward. A candidate shdl be reguired to
regppear in those subjects again.

Further, a candidate, who is not required to
appear in al the4 (four) subjects (Ref. 2.1.1),
shall have to secure minimum grade ‘C” in each

of theremaining subject(s) for afind pass.

|EI EXAMINATIONS | “




23

2.2.3 A candidateshdl be permitted to gppear in dl
4 (four) subjectsa atimein oneterm, induding
thesubject(s) in which he gppeared previoudy
but could not secure minimum grade ‘C’.

SECTION B EXAMINATION

Technician/ Senior Technician members
enrolled with the I nstitution who have passed
Section A of the I nstitution Examination or any
other examination recognised by the Council as
exempting therefrom
OR
Corporate members, who have passed Sections
A& B of | nstitution Examinationsin onebranch
of engineering or secured exemption therefrom
for appearing in another branch of engineering,
are only eligible to apply for appearance in the
Institution examination within the stipulated
period (Ref. 8.7)
Such candidates are required to register for
Section B examination, immediately after
declaration of result of Section A examination,
asper the prescribed format (Appendix111), with
requisite fee indicating their choice of (a) branch
of engineering, (b) optional subjects selected.
231 A candidate shdl be required to qudify in 9
(nine) subjects — 6 (six) compulsory and 3
(three) optiond (Appendix 1), except in
MarineEngineering branch, whereacandidae
is required to pass in 10 (ten) compulsory
subjects and 1 (one) optiond subject, out of
the two. The full marks for examinaion in
each subject is 100 (one hundred) and the
duration of examination for each subject is 3
(three) hours. Detailed syllabi for prescribed
subjectsaregiven in (pages 18-157).
Further, a candidate shdl have to complete
project work and aso sessiona work on
Ieboratory experiments (Ref. 12 and 13). Full
marks shdl be 100 (one hundred) each for
project work and laboraory experiments.

23.2 A candidate shall be required to secure
minimum grade ‘C’ in 7 (seven) subjects and
grade ‘D’ in remaining two subjects to
completely passSection B Examination, except
in Marine Engineering branch, within the
stipulated period. For Marine Engineering
branch, acandidaeshdl berequired to secure
minimum grade ‘C’ in 9 (nine) subjects and
grade ‘D’ in remaining two subjects to
completely pass Section B examination within
the stipulated period. Score of grade ‘D’ in

3 APPLICATION FOR APPEARING IN
EXAMINATION

31 A candiddeshdl berequired to submit an gpplication

two subjects shdl only be considered in the
lest atempt provided the candidate secured
minimum grade ‘C’in remaining seven subjects
in any branch with minimum GPA being 6,
except Marine Engineering for which
minimum grade ‘C’ shall be required for
remaining nine subjects with minimum GFA
being 6. The score of grade ‘D’ or lower
grades(s) in any subject(s) shal not be carried
forward. A candidae shdl be required to
regppear in those subjects again.

2.3.3 A candidae shdl not be permitted to appear
in morethan 4 (four) subjectsa atimein one
term, including the subject(s) in which he
appeared previoudy but could not secure
minimum grade ‘C’.

2.34 Candidaes, who wish to gppear in additiond
branch of engneering will be exempted, on
request, from appeering in those subjects of
samenomendlatureand syllabusin which they
have secured minimum grade ‘C’ or 50 marks
and above in the Institution examination in
ealier branch. However, thisfedility will not be
gplicableto candidates having passed Section
B examination in old schemeand syilabus.

235 (i) If a candidate changes the branch of
engineering before completely passing in
onebranch, theresultsinrddion to dl the
subjects hehad previoudy gppeeared, if any,
shdl be automaticdly cancelled. He is
required to gpply afresh for registration of
Section B with requisitefes(Appendix|11).

(ii) If acandidatechangestheoptiond subjedts
dther within thegroup or from onegroup
to other, he shdl have to register afresh
with requisitefee. Theresultsin rddion to
dl theoptiond subjectshehad previoudy
gppeared, if any, shdl automaticdly be
cenadled, exoept thecommon subject(s)in
thegroupsin which acandidaehassecured
minimum grade ‘C’.

236 A candidde is eligble to gpply for extra
subject(s), not exceeding far subjectsin one
term, after passing Section B examination, with
prescribed fee. The grade(s) secured by a
candidate in extra subject(s) shal not be
considered for improvement of grade(s)
secured by himin earlier examindions.

. RULES& SYLLABI




3.2

33

34

in the prescribed form to the Headquarters of the
Ingtitution a 8, Gokhde Road, Kolkata 700 020,
expressing his desire to appear in a particular
examination together with the reqguisite fee
(Appendix V) by Bank Dreft within the period (Ref.
3.2) of receipt of such forms as may be notified
from timeto time

Applicaionsshdl bereceived a theheadquartersof
the Indtitution on working days normaly within
the period as per thefollowing schedule:
Candidates not appeared at immediately
preceding examination

February 15- March 15(for Summer Term)
August 17 - September 15 (for Winter Term)
Candidates appeared at immediately preceding
examination

March 16 - April 14 (for Summer Term)
September 16- October 15 (for Winter Term)

The Ingtitution reserves the right to regect any
gpplication, which isnot properlyfilled-in, doesnot
accompany the prescribed feg, isnot received within
the stipulaed date or for any other reason. The
decision of the Ingtitution in this respect shdl be
binding upon the applicant.

Examingtion fee once pad are neither refundable
nor transferableto asubsequent examination or to
any other acoount excent in case of rejection of an
gpplicaion. In such case of rgjection of an gpplication,
thefee paid will berefunded ater deduction of the
processing fee (Appendix VIII ).

IDENTITY CARD

4.1

42

43

Each Tedchnician/ Senior Technician member of the
I nstitution shdl be required to produce an | dentity
Card, issued by theheadquartersof the I ndtitution,
to gppear & examinaions. Associaes/ Corporae
membersshal berequired to gpplyto thel ndtitution
for issue of the | dentity Card and they arerequired
to producethesameto gppear a examindions The
| dentity Card shdl indicaie name of the member,
cass grade of membership with number, posta
address, photograph and specimen signatureof the
member duly attested by a Corporate Member of
the I ngtitution.

N o candidate shall be allowed to appear at an
Examination without production of his valid
| dentity Card issued by the headquarters of the
I nstitution.

In caseof log/ defectivel dentity Card, theconcerned
member isrequired to gpply to theheadquarters of

44

ADMIT CARD

51

52

5.3

54

CENTRES FOR EXAMINATION

6.1

6.2

the Indtitution for a DUPLICATE IDENTITY
CARD, dongwith prescribed fee

To effect any correction/ dteration, a member is
required to gpply to the Institution for fresh | dentity
Card dongwith prescribed fee (Appendix VI ) and
to surrender hisexisting | dentity Card. On surrender
of such | dentity Card, afresh | dentity Card shdl be
issued to the member.

Cendidates are required to download the
Admit Card from the web portal www.ieindia.
org, 7 days prior to the commencement of
examination.

A candidate shal berequired to produce his Admit
Card & theExamindion Centre.

Centrewiseindex showing inte diathe membership
dass, number and corresponding roll number shal
be avalable d respective (i) Examindion Centre
opted by thecandidae and (ji) & Sae’ Loca Centre,
to which he is atached, for informetion of the
goplicant whose gpplicaion will be in order in dl
respects.

If acandidae damstha in spite of submitting an
gpplication in conformity with Rules, hehasneither
been provided with Admit Card nor with any
informaion about rejection of his goplication, he
can submit a fresh applicaion persondly to the
Officer-in-Chargedongwith aSpecid Fee(Appendix
VIII) payableto the I ndtitution.

In such a case, permission to appear in the
examination may provisiondly beaccorded subject
to the condition that the candidate submits
documentary evidence in support of hisclam and
that heisohterwisedighbleto gopear in thesubject(s)
in accordance with the Rules. In case the candidate’s
damisfoundto benot in order bytheHeadquarters
of the Ingtitution a any point of time, the fee
deposited by him shdl be forfeited and his
gppearanceshdl betreded asirregular.

The examinaions of the Ingtitution are being held
a the cities/ towns as given in Appendix VII.
However, the Council of the Indtitution reserves
the right to establish or abolish one or more
Examination Centreswithout assigningany reason
whasoever.

Every endeavour will bemadeto normaly dlow an

IEI EXAMINATIONS




6.3

71

72

73

81

82

83

84

85

86

applicant to gppea from an Examination Centre
opted by the candidateif the sameislocated within
thejurisdiction of hisState/ Locd Centre. However,
the I nditution reserves the right to dlot a Centre,
different from the Centre opted by the candidate,
without assigning any reason whatsoever.

Request for achange of Examination Centre may
not beentertained.

7. MEDIUM OF EXAMINATIONS AND UNITS

English isthe medium of examinaions. However,
Senior Technician member, gopearing Section A and
Section B Examinations, on prior gpplication, may
be permitted to writehisanswersin all subjectsin
Hindi, provided he has passed the Diploma
Examination in engineering in Hindi medium.

A candidate, oncepermitted to usearegiond language
or Hindi, shal not be permitted to use any other
languagein any subject subsequently.

S units, standard symbols and notation are
recommended for theexaminations.

8 RESULTSOF EXAMINATIONS

The reaults of an examination shdl normaly be
published within fourteen weeks after the
completion of the examination. List of qudifying
candidates and list of subject(s), in which the
candidates secutred grade ‘C’ or higher grade, shall be
avaleble a the office of Sate’ Locd Centreof the
| ngtitution, under which the Examination Centreis
located, for information of the candidates. The
information may also be available at the Institution’s
Website.

No gpplication fromacandidaefor re-vduaion shdl
beentertained under any circumstance, whatsoever.

Sorutiny of dl answversoripts asto whether dl answers
in the answerscripts were vaued, marks dlotted in
answerscriptswere added correctly and markswere
transferred and added correctly shal beundertaken
before findisdtion of results.

Any complant arising out of maters, other than
those mentioned in Clause 8.2 above, may be
considered if lodged within 60 daysafter dedaration
of results.

TheCouncil reservestheright to withhold or cancel
the result of any candidate at any examination in
which casethe gradecard will not be supplied.

Appearanceof acandidaed an examination without
beingdlotted aroll number shal leed to cancellation

of dl subjectsin which hegppeared in that particular
examingion.

87

88

A candidaeshdl berequired to passtheexaminaion
within aspecific period asmentioned hereunder:

SectionA:  6(six) years from the da e of election
for Technician/ Senior Technician
member.

6 (six) yearsfrom next term of passing
Section A Examinaion.

N ofurther extension shall be permitted beyond
the stipulated period.

After expiry of six years period of Sedtion A/ Section
B examination, acandidatewill berequired to gpply
for re-regidration of another six yearsto gppeer afresh
in al gppliceble number of subjedts of Section A/

Section B examination. Re-registration period shdl
be counted from theimmediaenext term of expiry
of six year period.

The above gipulaed period for Section B isdso
goplicableto Senior Technidans' corpordemembers
exempted to gppear in Section A Examinaion from
the date of their election as Senior Technician
member or firs gopearance ascorpordemember as
aoplicable

Corporaemembers, desiring to gopear in additiond
branch, are required to register for Section B (Ref.
2.3).

In casethecandidaledesiresto changetheadditiond
branch of engineering, heshdl berequired to goply
aresh (Ref. 2.3). However, for such candidates, 6
yeer pericd shal be counted from the date of his
first gppearancein theold additiond branch.
Candidates appear in aparticular session in Section
A/ Section B examination may apped for verification
of enswerscript(s) for arithmetic correction in totding
of marks and any omission/ deetion in evduation
within 15daysfrom thedaeof declaraion of results
at HQs of the Institution on the prescribed
proformawith requisite fee (Appendix VI11). On
recept of the request from the candidae with fee,
the exact date and time will be informed to him to
inspect hig/ her answerscript a the HQs of the
Indtitution at his own expense. In caseany candidate
fals to appear to ingpect his answerscript(s) a the
gven daeandtime, no further opportunity shal be
given for ingpection of answerscript(s). It isfurther
clarified that re-verification of answerscript shdl not
tantamount to re-vauation of answerscript. Thisis
only a process of re-verification by the candidate.
Therdaion period of such answershestswill besix
months.

SectionB:

. RULES& SYLLABI




DISCIPLINARY ACTION

91

92

93

94

All casesof unfarmeansand irregularitiesreported
toor detected by thel ngtitution shdl beinvestigaed
with intimation to the concerned candidate.

Pending findisation of any case, the result of the
concerned candidate shal bewithhdd and he shdl
not bedigibleto gopear in subsequent examingations.

The decision of the Institution shall be
communicated to concerned candidateand shdl be
find and binding on him.

TheDistrict Court & Alipore, 24-Parganas (South),
West Bengd, shdl havethe exdusivejurisdictionin
matters arising out of conduct of Institution
Examindionsand/ or pend messures or any decision
of the Coundil of thel ngtitution givingor imposing
pendtyto any candidae.

CERTIFICATES

101

102

103

104

105

Provisiond Certificate shdl be issued on passing
Section B examination to the candidate dong with
thegradecard of Section B examindion.

A Pass Certificate shdl be issued to acandidate on
his passing Section B examination. A duplicae
certificateshdl beisaued on payment of requisitefee
(Appendix VI) provided a candidate gives an
undertaking that the origind has been lost, and
endoseaFI R/ Generd Diary! dfidavit to thiseffect
from thecompetent authority.

Pass Cetifictesof any year shdl beawarded to digible
candidaes, & the Convocation to be held in the
followingyear, on receipt of ther written consent to
dtend the Convocation with vdid | dentity Card and
grade card/ provisiond certificate issued by the
I nstitution for verification.

After the Convocation, Pzss Certifictes shdl besent
tothecandidates by registered post, who will not be
ableto attend the Convocation.

If any candidate uses alanguage other than English
in an examination under the provision of Rules7.1
and 7.2, mention of thelanguage shdl be madein
thecertificdte:

Candidates passing only Section B Examindion in
any branch will dso beissued a certificate to that
effect.

GRADE CARDS

111

Thegradecardsfor Sections A and B complete pass
candidates in an examination shall be sent by
regidered post. However, grade cards of unsucoessful
candidates shdl besent by ordinary pogt.

12 PROJECT WORK

121

122

123

124

125 A candidateshal berequired to maintain adiaryand

(i) In case of non-receipt of grade card by a
candidate, who passed Section A or Section B
Examindtion, within six weeks after dedaration
of results aduplicategradecard shdl beissued
on submisson of gpplicdtion in theprescribed
forma with requisitefeeonly when acandiae
gives an undertaking that the origind grade
cad hasbeenlost, and endoseaFIR/ Genard
Diary/ Affidavit to this effect from the
competent authority.

In caseof unsuccessful candidatesin Section A
or Section B, therequirement of aFIR/ Generd
Diary/ Affidavit isnot gpplicable

(if)

A candidae shdl be digblefor project work only
after securing minimum grade ‘C’in 5 (five) subjects
in an engineering branch of Section B. Grade card
dong with prescribed format for project work and
|aboratory experiments and guidelines shdl be sent
todl such candidates. Theprescribed formet shdl be
returned duly filled-in by the candidates within the
stipulated period.

On receipt of the gpplication, acandidate shdl be
intimated thenameand addressof theproject quide,
who in turn shdl assign the project work to the
candidete

Full marks for the project work will be 100 (one
hundred). Therewill beinternd as well asexternd
evauation of theproject work. Minimum aggregate
for passing project work will be grade ‘B’. The internal
evdudion will be carried out by the project guide
based on the project report submitted by the
candidaeto him. Onecopy of theproject report will
be submitted by the candidate to the project guide
and another copy to the Headquarters of the
Indtitution. Externd evduation will bedoneby the
Ingtitution. In caseacandidatefalsto passtheproject
work in one or more atempts, he shal berequired
to re-register again for thesamewith the prescribed
fee Project work shdl berequired to be completed
within the gtipulated period of 6 (six) years (Ref :
Rule8.7).

In case of death of the project guide or hischange
of address affecting the fadility of contact between
him and thecandidae, the candidate shdl informto
the Chairman of his Sate/ Locd Centre for an
dterndeproject guide.

to prepare asdf-assessment report in the prescribed
forma pertaningto thework undertaken by him as
assigned by the project quide.
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126

131

132

For change of branch of engineering or optiona
subject(s), acandidate shdl berequired to apply dresh
in stipulated time period, asmentioned in Rule2.3.
Thetimeperiod shdl not beextended for any resson
whatsoever.

13. LABORATORY EXPERIMENTS

A candidate shall be dligible for laboratory
experiments only after securing minimum grade ‘C’
in 5(five) subjectsin an engineering branch of Section
B. Grade cards dong with prescribed format for
project work and laboratory experiments and
guiddines shdl be sent to dl such candidates. The
prescribed forma shal bereturned duly filled-in by
the candidates within the stipulaed period.

On recept of the application, acandidate shal be
intimated the name of the universty/ engineering

133

college! ingtitute, whereacandidatie shdl bereguired
to perform the laboratory experiments. Fee for
Ieboratoryexperimentsarerequired to bepad by the
candidate as specified in the guidelines.

Full marks for the |2boratory experiments will be
100 (one hundred). Theevauation of thesameshal
be caried out by the concerned university/ college/

ingtitute where the candidate shal perform the
laboratory experiments. Minimum gradefor passing
laboratory experiments will be grade ‘B’. 1n case a
candidateis not ableto complete required number
of laboratory experiments and obtain grade ‘B’, he
shall be required to re-register again for the same
with the prescribed fee. Laboraory experimentsare
required to becompleted within thestipulated period
of 6 (six) years (Ref : Rule 8.7).
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DEVELOPMENT OF COURSE STRUCTURE

Thegenerdized commondities of the programme, which are prerequisitefor developing scientific mind and engineering
atitude, isfirst identified and dassified as BascCommrdities

A globd outlinefor developing professiond expertise aound acommon themeisidentified next. Thisis dassified as
A denad Carmmardity:

A disciplinewise commondities are developed next, followed by specidisation in each discipline.

(BASC COMMONALITIES)

( ADVAN CED COMMONALITIES)

( DISCIPLINE COMMONALITIES)

(CSPECIALISATION )
v

|BAS CCOMMONALITIES)|

To develop the basic commondities, it is essentid tofirst identify thefidds of activities A student of engineeringis
required to have:

a Adequateknowledgeof besic sciences;
b) Adequateknowledge and application of engineering sciences;
o Appredaion of environment and society on engineering activities; and
d) Adequatecommunication skill to communicatewith engineering process, peopleand machine.
Thesubjectsto cover theabovefiedsarebroadly asbelow
Basic Sciences
Physics, Chemistry and Mathematics.
| Engineering Sciences|
Fundamentasof Design and Manufacturing, Electrica Science, Electronics& | nstrumentation, Mechanicd Science, and
Maerid Sdenceand Engineering.
Sodetd structuresand dynamics, development proocesses, technology assessment, ecosystems, environmentd degradation,
waste management and sustanable development.

| Communication |

Engneering Drawing and Graphics, Computing and Informatics.

A coursestructure, identified asSection A, common for dl disciplines, based on theabove considerations, hasbeen
evolved.
|ADVAN CED COMMONALITIES|

Theooursestructurefor each disciplinein Section B haveone common subject Engineering M anagement, except
Marine Enginesringdiscipline.
|DI SCIPLINE COMMONALITIESAND SPECIALISATION |

Thevarioustask groupsof each discipline developed the course structurefor each, keeping thedisdplinecommondities
confined to five papers and specidisdion to three papersfrom oneof the optiona groups.

The course structutre and syllabi of 15 engineering disciplines have been divided into two parts—engineering
disciplinesin which Section B examination are being conducted at present, followed by engineering disciplinesin
which Section B examination are not being conducted.
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Appendix|

Codes for the Schemes, Branches and Subjects

SECTION A EXAMINATION

Diploma Stream

(Scheme Code 3)

AD 301 Fundamentas of Design and Manufacturing
AD 302Maerid Sdenceand Engineering

AD 303 Computing and Informatics

AD 304 Sodety and Environment

SECTION B EXAMINATION

(Scheme Code 4)
CHEMICALENGINEERING

(Branch Code 04)

(Sepap 19 for wbjat axks)
CIVILENGINEERING

(Branch Code05)

(Sepap 27 for abjet aoks)
COMPUTERSCIENCE AND ENGINEERING
(Branch Code06)

(Seepap 38 for aljat axks)

ELECTRICALENGINEERING
(Branch Code07)

(Sepae4? fo atfjet aoks)
ELECTRONICSAND COMMUNICATION ENGI-
NEERING

(Branch Code08)

(Sepag b7 far abjat ks
MECHANICAL ENGINEERING
(Branch Code 11)
(Seepag67 fo abjat a0k
MATERIALSAND METALLURGICAL ENGINEER-
ING

(Branch Code 12)

(Sepage 78 for atjet aoks
MININGENGINEERING

(Branch Code 13)

(Sepage 86 for aljet axks
PRODUCTION ENGINEERING
(Branch Code 14)

(SepaeHM for aljat ok
TEXTILEENGINEERING

(Branch Code 15)
(Sepage 101 for aet aoy
AEROSPACE ENGINEERING
(Branch Code01)

(Sepae 111 for syt aoky
AGRICULTURALENGINEERING
(Branch Code02)
(Sepage 121 far styet a0k
ARCHITECTURALENGINEERING
(Branch Code03)
(Seepage 132 far atyet aoky
ENVIRONMENTAL ENGINEERING
(Branch Code09)
(Sepage 141 far styet aoky
MARINEENGINEERIN G

(Branch Code 10)
(Sepage 150 far sutyet aoky
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Evolution of the Engineer

Historicd recordsreved tha Darius
I, Kingof Perga(521-485BC), employed
Mandrocles of Samos to bridge the
Bosphorus with boats so that hisamy
might march against the Scythians.
Alexander’s army included surveyors like
Baeton, Diognetus, Philonides and
Cdlisthenes. Archimedes (287-212BC)
acted asmilitary adviser to King Hiero.

During the medieval period,
Leonardo da Vinci (1452-1519) was
Military Engineer to the Duke of Milan
for 18 yearsand Gdlileo (1564-1643) was
the Professor of Physics and Military
Engneering It may be surmised that
‘engineer’ (ingenium) was the title in Ttaly
for those who carried out military
activitieslike buildingwar machinesand
fortifications

The word “engineer’ may well have
originaed fromthefact that thesepeople
developed thetechnicd addsof wafare
and defencewhich werethen known as
‘ingenia’. However, in ltaly, surveyors
and cand builders were dso cdled
‘ingeniarii’. Towards the end of the 17th
Century, the term ‘ingenieur” had been
suggested as a professiond title for
scientificaly trained technicians.

But perhgpsthemost apt and generd
conoeption of an enginear hasbeen given
byH RPamerin 1818 when hesaysthat
an engineer is a mediaor between the

ENGINEERS’ DAY

September 15isaday of profound significancein the
anndsof Indian engineering, for on tha day, over acentury
ago, was born the Engineering Wizard, Bharat Ratna, Sr
Mokshagundam Visvesvaraya, who fought many a lifes battle
through a wisdom and action to serve the country for a
| credive tomorrow, won them al and lived as long, and
more, as aman can hope to live, aliferich in fruits and
ending surrounded by honour and love. His masterful
expositions and achievementsin thefidds he covered are
rmnumentd verlly outr&x:hmg nationd frontiers. Any atempt to delienate his
towering persondity in its variegated agpects can only betoo unequa, however well
begun, to reach totdity. Neverthdess, theceebrationson thisday, rightly cdled the

Engineers’” Day, as laid down by the Council of the Institution, to be observed every

year is a modest demonstration of the *nation’, specially the engineers, of the sense

of gratitudeand reverentia esteemin which theyhold SrM. V.

philosopher and the working mechanic,
and like an interpreter between two
foreigners, he must understand the
language of both. Hence, there is the
ebsolute necessity of his possessing both

precticd and theoretica knowledge:
T he Beginning of Engineering
Historicdly, engineeringwas classified
primarily into two groups: military
engneering and civil engineering With
the unidirectional flow of time,
gpplications of civil engineering became
gradudly complex, the civil engineering
disdipline showed atendency of dividing
into branches of specidization. For
instance, civil engineering came to be

concerned primarilywith staticstructures
like dams, bridges and buildings,
whereas the new budding branch
mechanicd engineeringconcentrated on
the dynamic structures such as
machinery and engines. In the same
manner, mining engineering fortified
itsdf in the excavaion of ore bodies
from geologicd structures and relaed
mining machineries, whereas
metdlurgica engineering went a step
further to extrad and refinetheoreswith
advancing technologies. Electricd and
Chemical engineering applied
themselves to the safe and sound
practica gpplicaions of dectricity and
chemidry, respectively.

Concept of Engineering

Engneeringistheart of utilizingthe
great sources of power in nature for
the benefit, convenience and surviva
of mankind. In its modern form,
engineering involves men, money,
materids, machines and energy. It is
differentiated from sciencein that it is
primarily concerned with how to direct
the discoveries of pure science to
useful and economical ends and
formulate acceptable theories and
practices from them. Engineering,

therefore, demands the creative
imagination and origindity to innovate
useful applications of natural
phenomena

It continuously seeks newer and novel,
cheaper and better means of using
unfathomableriches of naturd sources
of energy and materias.

Engineering

Technology

for sustenance of
= i mﬂ‘nent [} nlank'
Eaovif Ind

Individual

& .

A

S(\t:iL‘[\'
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Differentiation in Engineering

Asaoonsequenceof deep penetrding
spedidizaion, a broad discipline gave
birth to severd distinct disdiplinesinline
with the process of differentiation.
Thus, for example, civil engineers, by
virtue of speciadized training, could
become water-power engineers or
construction engineers; just as
mechanica engineerscould bemachine-
design engineersor industrid engineers;
electrical engineers as power or
communication engineers. Examples
exigt for other such commonly known
disdplinesaswell.

Technology — The Other Face

Technology, on the other hand, isa
tool-in-aid to engineering The am of
technology is to reduce ‘world’, specially
a ajuncturewhenthecontent andnaure
of work ischanginga an overwheiming
pace. More and more often a person
works as part of a ‘man-machine’
system, his work gets enhanced due to
thenecessity of handlingmoreand more
informaion. The change in the nature
of work affects deeply both the
individud and thesociety. Thischangeis
generdly welcome as it reflects the
dynamisminherent in alively society, for
“work” constitutes the most important
functiond interdependence between the
individual and the society. This
dependence brings into focus the
prevalingvauesand legd basisof sodety:
This cdls for redefining and enlarging
the concept of work to include, in
addition to traditiona paid work, dl
other useful activities.

Imprints of Technology

As aresult of this ever-increasing
utilization of tedhnology, mankind and
hisenvironment have been affected both
favourably and adversdy only becausethe
society has been unable to adapt to the
changes in the nature of work brought
about by rapid development of
technology. Theincreasing complexity of
specialized machines and automated
processes have invited physica and
psychologicd problemsfor theoperating
personnel. This has led to the
development of bio-engineering and
ergonomics, concerned with thephysica
effects upon man, and management
engneering concerned with theeffectson

hispsyche.

Rebuilding by | ntegrative way

Alongwith specidization, integrative
influences have adso taken place in the
engineering field through
interdisciplinary activity. The growing
complexity of modern technology has
rendered the co-operation of many
specialists essentid in the design of
industrid processes and machines. For
instance, design of amodern structure
involvesdedingwith not only the datic
structurd members but aso of moving
partslikeelevators; dectrical machinery
and power distribution as well as
communication systems; heating,
ventilating and arconditioning; fire
protection; dynamic response of the
gructureto wind and earthquekearedso
to be studied. Above dl, ecologica
considerations are now gaining
importance Becausemen and moneyare
as much involved in engineering as
materids, machines, and energy sources,
the management engineer has come to
exist as another co-ordinating and
integrating factor.

Shaping an Engineer

A typica modern engineer must go
through severd phase of career building
activity. Hisformd education needsto
be broad-based and deepinthesdences
and humeanities. He is then exposed to
an incressing degree of specidizationin
theintricaciesof hisparticular discipline,
and has to keep himself uptodate
through continuing education. As he
progresses, he is required to gain
interdisdplinary knowledgefor effectively
supervisingavarietyof speddids Findly,
the engineer is entrusted with the
management functions of interweaving
men, money, materids machines and
energy sourcesto generatean integrated
fruitful process directed to rasing the
stendard of livingof the society.
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SECTION A (Non-Diploma Stream)

S FUNDAMENTALS OF DESIGN
= AND MANUFACTURING

Group A

Engineering design processand itsstructure. | dentification
and andysis of need, product design specificaions, standards
of performanceand constraints.

Searching for design concepts; morphologica anaysis,
brainstorming Evduation of design concepts for physicd
reiability, economicfeasibility and utility.

Dedled design; design for manufacture, assembly, shipping,
mantenance, use, and recydability.

Design checksfor clarity, smplicity, modularity and safety:
Sandardization and sizeranges. Reliability and robust design.
Design organisaion and communication, technica reports,
drawings, presentations and models.

Coneept of manufacturing, dassification of manufacturing
processes. Fundamentds of casting Basic understanding of
commonly used casting processes (sand cagting, investment
casting and permanent mould casting processes).

Fundamentas of meta forming; hot and cold working;
basic understanding of primary metd formingprocesses(rolling,
forging, extrusion and drawing processes, punching and
blanking).

Group B

Fundamentas of metd cutting; tool-work interaction for
production of machined surfaces. Classification of machining
processes. Basic machining operations (turning, shaping,
planning, drilling and milling processes).

Fundamentals of grinding and finishing; overview of
unconventiona machining processes, fundamentdsof weding
processes; introduction to primary welding and dlied processes;
selection of manufacturing processes. Design for
meanufacturability.

Need for integration—commercial, economic and
technologicd perspedtive; basictoolsof integrdion; concept of
a system. Introduction to information technology and its
elements.

I ntroduction to group technology; introduction to
simulation and da abase management systems.

Elements of integration—controllers, sensors, robots,
automated machines, AGVs, AS RS etc.

Product and process design for integraion; design for
economic manufacturing; design for manufacturing integration.

Introduction to computer aided processplanning; selection
of machine tools.

Recommended Books

¢ G K Ld, Vijay Guptaand N Venka Reddy. Fundamentds of
Design end Manufacturing N arosa Publishing Housg New Ddhi.

4+ SurendraKuma and M K Tiwari. Fundamentds of Design and
Manufacturing 1EI Sudy Materid.

Reference Books
4 G Dieter. Engineering Design. McGraw-Hill Internationd.

¢ G K Ld end SK Choudhary. Fundamentals of Manufacturing
Prooessss. Narosa Publishing House, New Ddhi.

¢ SK Vgpayee Prindplesof Computer | ntegrated Manufadturing.
Prentice-Hdl of India (P) Ltd., New Delhi.

MATERIAL SCIENCE AND
ENGINEERING

Group A

Introduction to materids. Metal and dloys, ceramics,
polymers and semiconducting materials—introduction and
gpplication asengineering materids.

Defectsin solids. Point, lineand surfacedefects. Diffusion
in solids.

Phasediagrans. Monocomponent and binary systems, non-
equilibrium system, phasediagram and gpplication in crystdline
and non-crystdlinesolids.

Mecdhanica properties Tendlestrength, yield strength, dastic
and viscodastic properties, creep, stressrdaxation and impadt.
Fracture behaviour. Ductilefracture, Griffith theory, effect of
hed treatment and temperaiure on properties of metds.

Deformation of metds. Elastic and plastic deformation,
slip, twin, disiocation theory, criticd resolved shear stress,
deformation in polycrystdline materials, sesson cracking,
Bachinger’s effect, strengthing mechanics, work hardening
recovery, crystdlisation and grain growth, cold and hot working

Group B

Hedt treetment. I ron-carbon system. Anneding, normdising,
hardening, critica cocling rate, hardenability, age hardening,
surfacehardening, tempering

Thermd properties. High temperature materids, maerids
for cryogenicappliction, thermaly inaulaingmaerids. (Spedific
heat, thermd conductivity, thermd expansion).

Ceramic materids and polymers. Slicon structures,
polymerism fraction in dass, electrica properties of ceramic
phases, rocks, building stones, refractories.

Polymerisation mechanism, structurd propertiesof polymer,
thermoplastics, thermosets, elastomer, resins, composites,
partide and fibre reinforced composite. Composite materid
induding nano materid.
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Electronic properties. Magnetism, dimagnetism,
paramagnetism, ferromagnetiam, magnetic energy, zonetheory
of solids, zones in conductors and insulators.
Recommended Books
¢ MPoonia. Maerids Sdenceand Engineering

Khanna Book Publishing, Delhi
+ L AVanblack. Elementsof Maerid Sdenceand Engineering

Addison-Wesley (Indian edition).
¢ VRaghavan. Mderid Stienceand Engineering Prentioe-Hdl

of India(P) Ltd., New Delhi.

(]

S COMPUTING AND INFORMATICS

Group A

Programming languages. C including C++; Languages
dedaaions, expressions, control statements, arrays, functions,

pointers and structures; Algorithms and flow-charts.
Introduction to Pascal.

Informatics. | nformation systemsfor decision making, Data
management and dalabase management technology; Office
automation system—ILAN, WAN, electronic mail, electronic data
interchange; client server technology; overview of TCP/ IP;
Information systems for business, Strategic information
systems; Information resources management.

Group B

Computer basics Higtory, generationsand dassification of
computers; Number systems; Boolean dgebra

Hardware. Introduction to logic gates an flip flops;
components of a computer input/ output devices, CPU unit
and memory unit, secondary storage.

Software. System software gpplicaion software; compilers
and trendators.

Operding systems Introduction to operding systems types
of operating systems and their functions; popular operding
systems—MS-DOS, UNIX and Windows; file management.
Recommended Books

O P B Mahgpatra Computing and Information. EI Study
Méaterid.

O D K Basy, e d. Computer Systems and Data Andysis.
NarosaPublishingHouse, New Delhi.

O NS Gill. Handbook of Computers Fundamentals.
Khanna Book Publishing Co. Ltd., New Delhi.

O PB Mahgpara Thinkingin C ++. Khanna Publishing,
New Ddhi.

E SOCIETY AND ENVIRONMENT

Group A

Sodety
Societal Structures and D ynamics

An anaysis of basic sociological concepts and their
gpplicationsto contemporary society, sodd stratification, caste,
class, culturd heritage, occupation, mobility and income
distribution. Socid tensions and their causes; societal
responsibilities and socid inditutions.
D evelopment Processes

Parameters for development. Interrelationship between
socid, economic and scientific factors. Role of science and
technology in development. Planning—its objectives and
assessment.
Technology Assessment

Historica devdlopment of sdenceand technology. Criteria
for assessment of appropriae technology and technology
adaptation.

Group B

Environment
Ecosystems

Nalurd ecosystems Prindplesof ecobdance Biogpherecyde,
carbon dioxide cycle. Causes for eco-imbalance—its effects and
remedies.
Environmental Degradation

Causes for degradation—its effects. Control of air, watet,
soil and noise pollutions. Protection of ozone layer.
Waste M anagement

Agriculturd, urban and industrid wastes.
Sustainable D evelopment

Definition and concept. Technology for sustainableenergy
and maerids.
Recommended Books
O SCsSharmaandMP Poonia, Environmental Studies

Khanna Book Publishing Co. (P) Ltd., New Déhi.
O | Ghosh. Sodety and Environment. |El Sudy Materid.

O RShaan, et d. Engineering, Environment & Society. The
Ingtitution of Engineers (India), Kolkaa

u
§ MECH AN ICAL SCIEN CE
=3

Group A
Medhanics of Solids

Coplanar force systems, moment of aforce, couple, equilib-
rium conditions, free-body diagram, lawsof friction.
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Centroid and area moment of inertia, mass moment of
inertia prindpleof virtua work, screw jack.

Kinemdicsof partides velodty, acceleration, Newton's laws,
equation of motion (rectilinear), momentum, impulse, work/
energy, projectiles moment of momentum, rotaion and smple
harmonic motion, free vibrdion.

Medhanics of Deformation

Stress, strain, Hooke’s law, elastic constants, ultimate
strength, Moht’s circle of stress, thin-walled pressure vessels.

Deflection of beam—bending moment and shear force in
beam/ cantilevers, torsion of drcular sections.

Group B

FluidMedhanics

Fluidsand their properties, visoosity, compressibility, surface
tension, non-Newtonian fluids, pressurea apoint, hydrostaic
forees on immersed and floating bodies, typeof flow, veodcity
and acceleration of aflow partide, hydrodynamics.
Thermodynamics

Basic concepts—properties of gases and equation of state,
work, heat, heat capacity, internd energy; enthapy.

First lav of thermodynamics and law of conservation of
energy, basicthermodynamic processesfor ided gases.

Second law of thermodynamics Carnot cycle, entropy,
vaious processes on T-sand H-splanes

Ideal heat engine cycles—SI and CI engine cycles, principle
of operation of 3 and Cl engnes.
Recommended Book
e GKL4,VijayGupta N G Rlyengar, BN Banerjeeand K

Ramesh. Mechanicd Science. NarosaPublishingHouse, New

Ddhi.
Reference Books
e PK Nag Engineering Thermodynamics TaaMcGraw-Hill

Publishing Co. Ltd., New Delhi.
e SH Cranddl, N CDahl and T JLardner. An Introduction
to theMechanicsof Solids. McGraw-Hill Internationd.
D S Bedi, Strength of Materias (Sixth Fdition)
Khanna Publishing, New Ddhi.

§ ENGINEERING PHYSICSAND
Z CHEMISTRY

Group A
Engineering Physics
Atomic structure, Rutherford and Boht’s models, atomic

process. Proton and neutron, radioactivity and decays. Nuclear
energy and reactions, nudear reector. | ntroduction to quantum

physics.

Inter-atomic forces in solids, anisotropic properties.
Didtinction between metd and semi-meatds. Semiconductor,
insulator and superconductor. Dilectric materids Types of
didectric polarisation. Piezo, pyro and ferrodectricmaeridsand
their dedtrica and opticd properties

Kingictheoryof gases Teamperdureandkinetic energy, ided
gas laws. Principle of statistical mechanics. Boltzmann’s law,
Brownian movement, equiportion of energy and therma
equilibrium of radiation.

Optics. Interference, diffraction and polarisdtion, laser,
holography, fibreoptics

Cryddlineand amorphousmaterid, arystd geometry, crystd
directions and planes. Space latices. Crystd symmetry and
structure. Crystal bonding. Interatomic forces in solids.
Anisotropic properties.

Group B
Engineering Chemistry
Chemica bond. | onicand covdent bonding; Latticeenergy,

Hybridisation; Resonance; Bond order; Fajan’s rule; Metallic bond
and intermolecular forces; Chemicd kinetics

Structureof organic molecules, nomendlaure. Introduction
to stereochemistry; Opticd adtivity. Titration involving potassium
permanganate, potassium dichromae. Titration involving
EDTA.

Oxidation-reduction reections. Cdloid and surfacechemidry,
Corrosion; chromaography and ion-exchange cadysis, Crystd
gtructure and dectro-chemistry; UVvisiblespectrophotometry.
Chemical kinetics—simple reactions.

Environmentd chemistry. Pollutant analysis eg, CO, H,,
S NOx, SOx, oxidant.

Recommended Books

Engneering Physics

e David Hdliday, RResnick and K SKrane Physics(Vals| &
[1). John Wiley and Sons, I nternationa edition, Singapore.

e V Raghavan. Mderid Sdenceand Engineering Prentice-Hall
of India(P) Ltd., New Delhi.

Engineering Chemistry

e JE Huheey. Inorganic Chemistry. Harper and Row
Publishing, Sngapore.

e PWAtkins TheElementsof Physicd Chemistry. Oxford,
New York.

e RT Morrison and R M Boyed. Organic Chemistry. Allyn-
Bacon Publishing, Bodon.
G H Jeffery, et al. Vogel’s Textbook of Quantitative Chemical
Andysis, ELBS Longman.
e Satyaprakash, Environmentd Chemistry:

Khanna Publishing, New Ddhi.
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projection; Gnominic, stereographic and orthographic
projections; Coordinate systemsand grid scdes, scdedidortion,
and conditions of conformdity and equivaence. Axonometric
projections; | sometric, Dimetric and oblique projections; Conicd
equivaent and equivdent cylindricd projections.

Spetid graphics. Basic principlesof multiview drawingsand
Monge’s projections; Points in quadrants and octants; Projections
of linesandtracesof lines Truerdaivepostionsof two planes
and of a draight line and a plane; Method of revolution.
Projectionsof polyhedrons curved linesand surfaces; Contour
mapping of curved surfaces, Plane sections of polyhedrons
and aurved surfaces; I ntersection of planes and surfaces and
lines and surfaces; Development of curved surfaces. Affine
correspondenceand its gpplications.

Product graphics. | ntroduction to various product features;
identification of functiond and non-fundiond surfaces; Sdection
of datum; Tolerancingof dimensions, Compatibility of product
elements for manufacturing and assembly requirements;
Sectiond and auxiliary views.

Computer grgphics Basicprindplesfor interactive computer
graphics, Systems and peripherds required; Point plotting
technique; Linedrawingdisplays, Modelling of two- and three-
dimensions; Display of solid objedts.

Group B

Drafting principles. Manipulation and use of drating
equipment and instruments; Exerdisesin instrumentd drawing;
Introduction to drafting codes as per | SO and BI'S, Technicd
ettering.

Drawingexerdse Drafting problemsinvolvingoonsideration
of stereometricfeatures Toleranced dimensioning; partid views
and sectioning, auxiliary sections, schematic product symbols.
Drafting exercises involving (a) preparation of detdls, (b)
aggregdion for assembly; (c) exploded machine kinematics etc.
Recommended Books

0 K Venugopd, Engineering Drawing and Graphics New
Agelnternationd (P) Ltd, NewDehi.

O PSGill. Enginesring Drawing. SK Kataria& Sons Delhi.

O W JLuzaddor. Fundamenta of Engineeringand Drawing.
PrenticeHal Inc., New York.

O T E French, CJVierek and R JFoster. Grgphics Scienceand
Design. McGraw-Hill, New York.

O N D Bhatt. Engineering Drawingand Graphics. Charotar
Publishing House, Anand (Gujarat).

o
§ ENGINEERING DRAWING & ELECTRONICSAND
Z AND GRAPHICS Z INSTRUMENTATION

Group A Group A
Projection graphics. Objects, condition and methods of  Eledranics

Semiconductor materids, intrinsic and extrinsic
semiconductors,

p-n junction diodes, rectifiers—half wave, full wave,
capacitivefilters, Zener diodes, their operdion, charaderistics
and gpplications.

Transistors—p-n-p and n-p-n transistors, transistor as
amplifier—CE, transistor characteristics, blasting and biasing
stability, small signal equivalent circuits. Field effect devices—
MOSFET—<characteristics and applications. B] T—characteristics,

Amplifiers—Hybrid parameter equivalent circuits for
common emitter configurdtion, current and voltage gain, input-
output impedance, frequency response, concepts of feadback
amplifiers, regenerdivefeedback and conditionsfor osdllation.

Thyristors—characteristics and applicatons. Triacs and

GTOs

Integrated circuits—I1C devices. OPAMP applications.
Andogueto Digita Conversion (ADC), Digitd to Andogue
Conversion (DAC).

Group B
Instrumentation

Indicating ingtruments. Moving coil, movingiron, rectifier
and dynamometer type meters for measurement of voltage,
current, resistanceand power. | ntegrating meters.

Electronic voltmeters—peak, r.m.s. and average reading type
voltmeters. CRO—tfunctional block diagram, operation and
gpplication.

Electronic instruments. Q-meters, distortion meters,
gpectrum andyzers, audio osdllators and RF signd generators,
introduction to digita voltmeters, digitd display devices.

Sensorsand transducers. Resitive, inductive and capaditive
pick upsfor non-electricd quantities. Andogueand digita data
acquisition and transmission systems,

Recommended Books

O A M Shed. Electronic Devicesand Circuits Prentice-Hdl of
India(P) Ltd., New Ddhi.

O AK Maini. All-in-One Electronic Simpilified

Khanna Book Publishing Co. (P) Ltd., NewDehi.

O Rishabh Anand, Digital Electronics and Intelligent

Ingtrumentation for Engineers, Khanna Publishing
0 A D Helfrick and W D Cooper. Modern Electronic

[ nstrumentation and Measuring Techniques Prentice-Hal

of India(P) Ltd., New Déelhi.
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ENGINEERING MATHEMATICS

Group A
Caladusof Fundionsof Variables

Cdalusd fundicnsd anevariable Successive differentiaion,
Leibnitz’s theorem, Rolle’s and Mean value theorems. Taylor’s
and Maclaurin’s expansion theorems. Fundamental theorem
of integrd cdculus. Elementary reduction formulaefor integrals.
Applicgtionsto length, area, volume, surface areaof revolution,
moments of centre of graviry. Infinite series—convergence,
divergencerdiotests €c.

Cdaius o fundians o saed \aiables : Partid derivatives,
gradient and directiona derivatives. Differentiation of implicit
functions, exact differentids, tangents, normds, maxima,
minima, saddle points. Method of Lagranges multiplier.
Multipleintegras.

Vedor Calaius

Scalar and vector filds Lineand surfaceintegrds. Gradient
and divergence. Green’s and Stoke’s theorems and their
applicdions.

Linear Algebra

Vector spaces—linear independence and dependence of
vedors, inner products, linear transformaions. Matrices and
determinants. Systems of linear equations— consistency and
incongistency. Gausseiminaion, rank of amdrix, inverseof a
metrix. Eigen vauesand eigenvectorsof amarix, diagondizaion
of amatrix.

Group B
Ordinary Differential Equations(ODES

Formation of ODESs, definition of order, degree and
solutions. ODEs of first order; separable variables,
homogeneous and non-homogeneous equations, exactnessand
integrating factors, linear equations and Bernoulli’s equations
(generd lineer ODEsof rth order, solutions of homogeneous
and non-homogeneous equations, operaor method, methods
of undetermined coeffidents and variation of parameters).
Solutions of smple smultaneous ODEs. Patid differentid
equations and its applications. Transforms theory—Laplace,
Fourier, etc.

Numerical Methods

Difference operators—iorward, backward, central, shift and
average operators, and relations between them. Newton’s
forward and backward interpolations. Lagrangesinterpolation
and theerror formulafor interpolaion. Numericd differentiation
and integration—Trapezoidal rule and Simpson’s one-third rule,
including error formulae.

I ntrodudtion to Prabability and tatistics

Basic conoepts indudingintroduction to probability theory,
Venn diagrams, centrd limit theorem, meen, mode and median.
Properties of Beta, Poisson, Exponentid and Normad
digtributions. Corrdation and regression, Sudentst-didribution

test, Chi-squareand F tests of significance.

Recommended Books

0O EKreyszig Advanced Engineering Mathematics New Age
Internationd Ltd., New Ddhi.

O RS Salana, Computer Oriented Numerical Methods
Khanna Book Publishing Company (P) Ltd., New
Ddhi.

O G B Thomas and R L Finney. Calculus and Analytic
Geometry. Narosa Publishing House, New D ehi.

O Reena Garg, Engmeering Mathematics
Khanna Book Publishing Co. (P)Ltd, New Ddhi.

ELECTRICAL SCIENCE

Group A

Review of basic conceptsin dectrogtaicsand megnetostdics.
Basic laws due to Ohm, Coulomb, Faraday, Ampere and
Kirchhoff. Network parameters and theorems. Superposition
theorem. Thevenin and Norton's theorems. Network analysis.
Seady staeresponseof drcuitsto sinusoidd functions. Power
and power factor. Phasor representdion of sinusoidd complex
impedances. Resonance. Magnetic field calculations.
Magnetization curves Magneticdreuit conceptsand cdeuldions
Hysteresisand eddy current losses. Relays.

Polyphase circuits—Three-phase supply systems. Phase
sequence. Bdanced three-phasedircuits Sar end deltaconnected
loads. Unbdanced three-phasedrrcuits Symmetrica components.
Power measurement in thresphasedircuits. Activeand reactive
power. Power factor improvement.

Group B

Elements of power distribution—d.c. 2-wire, 3-wire
distribution. a.c. 3-wire and 4-wire digtributions. Radid and
ringmain distributions. Current loadings and voltage profilein
distributions. Comparison of copper efficiencies in different
systems of distribution.

Power transformers, theory of operation, phasor diagram,
equivdent drcuit. Efficiency and reguldion.

Principles of energy conversion; Basic conceptsof rotating
machines, torqueand emf; d.c. machines, characteridlicsof saries,
shunt and compound motors and generators.

Basic principlesof operation of synchronousand induction
machines. Starting of induction motors. Regulation of
synchronousgeneraor by synchronousimpedance method.

Snge-phaseinduction and commutaor machines.
Recommended Books
@ S Choudhuri, R Chakrabarti and P K Chattopadhyay.

Electricd Science The Institution of Engneers (India)

Textbook Series, NarosaPublishing House New Ddhi.

Q AH Cotton. Transmission and Distribution. ELBSedition.

(For Group B, first paraof thesyllabusonly.)

Q N Perkar Smith. Problemsin Electrica Engineering CBS

Publishersand Distributors, New Dehi.
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SECTION A (Diploma Stream)

FUNDAMENTALS OF DESIGN
AND MANUFACTURING

AD 301

Group A

Engineering design processand itsstructure. | dentification
and andysis of need, product design specifications, standards
of performanceand condraints.

Searching for design concepts; morphologica andysis,
brainstorming. Evaduation of design concepts for physica
reliability, economicfeesibility and utility.

Detdled dedgn; design for manufadture, assembly, shipping,
mantenance, use, and recydability.

Design checks for clarity, smplicity, modularity and safety.
Sandardizaion and sizeranges. Reliability and robust design.
Design organisation and communicaion, technica reports,
drawings, presentations and models.

Concept of menufacturing; dassification of manufacturing
processes. Fundamentds of casting Basic understanding of
commonly used casting processes (sand casting, investment
caeting and permanent mould casting processes).

Fundamentds of metd forming, hot and cold working;
bascunderstandingof primary metd forming processes(rolling,
forging, extrusion and drawing processes, punching and
blanking).

Group B

Fundamentds of metd cutting; tool-work interaction for
production of machined surfaces. Classification of machining
processes. Basic machining operations (turning, shaping,
planning, drilling and milling processes).

Fundamentds of grinding and finishing; overview of
unoonventiond machining processes; fundamentasof welding
processes; introduction to primary welding and dlied processes;
selection of manufacturing processes. Design for
manufacturability.

Need for integration—commercial, economic and
technologica perspective; basic toolsof integraion; concept of
a system. Introduction to information technology and its
gements.

Introduction to group technology; introduction to
smulaion and database management systems.

Flements of integration—controllers, sensors, robots,
automated machines; AGVs, AS RS etc.

Product and process design for integration; design for
eoconomic manufacturing; design for manufacturingintegration.

Introduction to computer aided process planning; selection
of machine tools.

Recommended Books

0O GK L4, Vijay Guptaand N Venkat Reddy. Fundamentas
of Designand Manufacturing NarosaPublishing House, New
Ddhi.

0 SurendraKumar and M K Tiwari. Fundamentdsof Design
and Manufacturing 1El Sudy Materid.

Reference Books
0O G Dieter. Engineering Design. McGraw-Hill I ntemationd.

O G K La and S K Choudhary. Fundamentals of
Manufadturing Processes. NarosaPublishingHouse, New Dehi.

0O S K Vagpayee. Principles of Computer Integrated
Manufacturing Prentice-Hall of India(P) Ltd., New Dédhi.

% MATERIAL SCIENCE AND
Z ENGINEERING

Group A
Introduction to materias. Meta and dloys, ceramics,

polymers and semiconducting materials—introduction and
gpplication as engineering materias.

Defectsin solids. Point, lineand surfacedefects. Diffusion
in solids.

Phasadiggrams. Monocomponent and binary systems, non-
equilibrium system, phasediagram and gpplication in crystaline
and non-aysgtdlinesolids.

Mechanicd properties Tendlestrength, yidd strength, dastic
and viscod agtic properties, creep, stressrelaxation and impect.
Fracture behaviour. Ductilefracture, Griffith theory, effect of
hedt treatment and temperaure on properties of metals.

Deformation of metds. Elastic and plagtic deformdion,
dip, twin, disocation theory, criticd resolved shear stress
deformation in polycrystaline materials, season cracking,
Bachinger’s cffect, strengthing mechanics, work hardening
recovery, crystalisation and grain growth, cold and hot working.

Group B

Hed tredment. Iron-carbon system. Anneding, normdising,
hardening, criticd cocling rate, hardenability, age hardening,
surfacehardening, tempering.

Thermd properties. High temperature maerias, maerids
for aryogenicapplication, thermaly insulaingmaterids (Spedific
hedt, thermd conductivity, therma expansion).

Ceramic materiads and polymers. Slicon structures,
polymerism fraction in dass, electricd properties of ceramic
phases, rocks, building stones, refractories,

Polymerisation mechanism, structurd propertiesof polymer,
thermoplastics, thermosets, elastomer, resins, composites,
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partide and fibre reinforced composite. Composite maerid
induding nano materid.

Electronic properties. Magnetism, dimagnetism,
paramagnetism, ferromagnetism, magneticenergy, zonetheory
of solids, zonesin conductors and insulators.
Recommended Books
O MP Pooma and Gupta, Materid Sdenceand Enginesring

Khanna Book Publishing, Delhi
O V Raghavan. Maerid Sdenceand Engineering. Prentioe-Hdll
of India(P) Ltd., New Ddhi.

0O SDuttaand D Das Mderids Scienceand Engineering | El
Sudy Materid.

COMPUTING AND INFORMATICS

Group A
Programming langnages. C including C++; Languages—
dedarations, expressions, control statlements, arrays, functions,

pointers and structures; Algorithms and flow-charts.
Introduction to Pascal.

Informatics. | nformation systemsfor decision making; Data
management and daabase management technology; Office
automation system—IAN, WAN, electronic mail, electronic data
interchange; dient server technology; overview of TCP/ IP;
Information systems for business, Strategic information
systems; Information resources management.

Group B

Computer basics Higtory, generdionsand dassification of
computers; Number systems; Boolean dgebra

Hardware. Introduction to logic gates an flip flops;
components of a computer input/ output devices, CPU unit
and memory unit, secondary storage.

Software. System software; gpplicaion software; compilers
and trendators.

Operding systems Introduction to operding systems types
of operating systems and their functions; popular operding
systems—MS-DOS, UNIX and Windows; file management.
Recommended Books

O P B Méhgpatra Computing and Informatics. IEI Study
Materid.

0O D K Basy, e d. Computer Systems and Data Andysis.
NarosaPublishingHouse, New Delhi.

O NS Gill, Handbook of Computer Fundamentals
Khanna Book Publishing Co. Ltd., New Delhi.

O PBMahgara Thinkingin C++.
Khanna Book Publishing Ltd., New Delhi.

SOCIETY AND ENVIRONMENT

Group A
Sodety
Societal Structures and D ynamics

An andysis of basic sociologica concepts and their
gpplicationsto contemporary society, sodd stratification, caste,
class, culturd heritage, occupation, mobility and income
distribution. Socid tensions and their causes; societal
responsibilities and socid inditutions.

D evelopment Processes

Parameters for development. Interrlaionship between

socia, economic and scientific factors. Role of science and

technology in development. Planning—its objectives and
assesament.

Technology Assessment

Historica development of scienceand technology. Criteria
for assessment of appropriae technology and technology
adaptetion.

Group B
Environment
Ecosystems
Nalurd ecosystems. Prindplesof ecobdance. Biogpherecyde

carbon dioxide cycle. Causes for ecoimbalance—its effects and

remedies.
Environmental Degradation

Causes for degradation—its effects. Control of air, water,
soil and noise pollutions. Protection of ozone layer.

Waste Management
Agriculturd, urban and industrid wastes.
Sustainable Development

Définition and concept. Technology for sustainable energy
and mderids.

Recommended Books

0O SCNakandT N Tiwari. Sodiety and Environment. Oxford
& |BH Publishing Co. (P) Ltd., New Delhi.

O MP Poonia. Environmental Studies (khannanbooks.com)

O R&aan, é d. Engineering, Environment & Society. The
Ingtitution of Engineers (India), Kolkaa
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CHEMICALENGINEERING

Ancientness

Chemica Engineering has its roots
in the chemistry of materials and
engineering for equipment design. The
great dchemist Jabiribu Hayyan (8th
century AD) of Baghdad combined
sulphur and mercury to obtan cinnabar.
He dso discovered nitric acid. Wood
productslikebark and wood ash werein
useaschemicd agentsfrom andent time:
Florance became known for hisdyeing
processbeforethefourteenth century and
also worked on indigo and alum.
Berthollet (1748-1822) usad chlorine asa
bleaching agent. A paper mill was tarted
in Engand by the middle of the 16th
Century. Thefirst chemicd text-book, Al
Chemia gppearedin 1597. Hofmann set
anew trend in chemicd technology in
Britain and the process developed by
Ernest Solvay (1838-1922) condlitutesa
landmark in thistechnology. Theredfter,
there had been a wide agpplication of
chemicd engineering
I mpact of Minerals

In 1901, Dr William M Burton
initiated pioneer work on thecracking of
minerd pil. Rapid industridisation and
increased use of cod and petroleum gave
anew direction and scope for chemicd
engineersto develop within ashort span
of time various new products like
synthetic rubber, latex, paints, plastics,
fertilizers, and teflon for wide ranging
usesat home, agricultureand industry.
Current State & Status in Analysis-
SynthesisD uality

Modern chemicd engineering may be
defined asasubject inwhich thefour rate
processes of heal, massand momentum
transfers, and of chemicd or biochemicd
chengeareinterrdaed with conservaion
equations and the laws of
thermodynamics to provide an
understanding of phenomena taking
placein process equipment and process
plant (andysis). Theacquired knowledge
formsthebasisfor design of equipment
and plant (synthesis) in away which leeds
to streamlined and safe production of a

product with due concern for the
environment.
Engineering Versus Technology

Chemicd engineering in its wider
concept represents a thread which is
common throughout the process
industries, while chemica technology
ded swith specific features of individud
processes. By its nature, chemical
engineering is outward looking and
versdilewhereaschemica technology, on
account of its product orientation, is
inward looking

“Chemical engineering runs through
the whole range of manufacturing
industry, while gpplied chemistry smply
touchesthefringeof it and doesnot ded
with the engineering difficultieseven in
the dightest degree, while chemica
technology resultsfromthefusion of the
studiesof applied chemistryand chemicd
engineering, and becomes spedidized as
the history and details of certain
manufactured products.”

—G E Davis (1850-1907)

T he Catalyst of | ndian Economy

Thechemicd industry playsapivotd
rolein thel ndian economy. Thepast few
vears have witnessed a rapid growth in
thefidd of chemicadswith heavy organic
andinorganic chemicdsformingthebasc
building blocks for the manufacture of
downstream products like drugs,
dyestuffs, pesticides, plagticsand pants.

The organic chemica industry was
dertedin Indiaaround 1950 with theuse
of ethyl acohol from molasses and
benzenefrom cokeovens. At present, a
substantid part of the industry is based
on chemicds derived from petroleum
refineries. All bascorganicandinorganic
chemicas arenow manuzfactured in the
country and a position of near-self-
auffidency hasbeen achieved.

Some of the national level
organisaions in the field are: Nationd
Chemica Laboratory, Pune; Central
Electrochemical Research Institute,
Karaikudi; Indian Drugs &
Pharmaceuticals Ltd, Rishikesh;
Hindustan AntibioticsLtd, Pune [ ndian
Petrochemicas Corporation Ltd,
Vadodara Centra Institute of Plagtic
Engineering and Tools (CIPET),
Chennai; Petrofils Cooperative Ltd,
Vadodara
Future Role of Chemical Engineers

By the year 2020 AD, many of the
present products and processes will be
replaoad by newer productsand processes.
To prepare and develop chemical
engineers for this new work
environment, it is important to
remember that a graduate chemical
engineer should have the attributes of
‘liberal education’, a ‘receptive mind’, a
‘scientific attitude’, and a ‘clear awareness’
of hisrcleasaprofessiond inthesociety.
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CHEMICALENGINEERING

o

g ENGINEERING MANAGEMENT

Group A

Management and Organisations

Management process : Definition, planning, orgenising,
directing, controlling, coordinating, types of management.

Organisation: Definition, planning, design and
development, types of orgenisations.

Management planning and control: Classica, new classicd
and modern principles. Generd management, scientific
management, engineering management, systems management.

Planning: Procedures, resourcesand constraints, objectives,
gods, policiesand procedures.

Control : Setting of reference or standards, gppraisd or
evduaion, monitoring and controlling, types of control.

Humean resource planning and management. Sdection,
recruitment, training, retraining, skill devdlopment, competence
development, promotion and career development, partidpative
management, trade unions, and collectivebargaining

Management of Physical Resouraes

Plent: Stesdection procedures, factors affecting selection.
Layout—types and relative merits and demerits. Maintenance—
objectives, different types of assodated decisions, strategiesfor
effective maintenance, computer gpplications.

Materid : Functions, objectives, planning and control
indudinginventory modelswith or without storage costs, price
break (exduding dynamic and probabiligtic considerations).
Different classesof inventory. Materid Reguirement Planning
(MRP).

Group B

Financid management: Introduction to standard forms of
financid statements, i.e, baance-sheet, profit and loss, and
income statement. Fixed and current asset items. Fixed and
current ligbility items. Linkage of two successive baance-sheets
through income or profit and loss statement. Funds flow
statement. Financid ratiosand their implications.

Managerid economics: Concepts, theory of production,
margind produdtivity and codt. Introduction to theory of firm.

Qudity management: Qudity definition, quaity planning,
quality control and quality management. Total quality
management, 180 9000 systems, simple quaity control
techniqueslikecontrol chartsand acceptance sampling.

Marketing management. Consumer behaviour, market
research, product design and development, pricing and

promotion.

Project management. Introduction. Concept of aprojedt,
project management concepts, project formulation, cost of
project and meansof financing, economic evadudion criteriaof
theproject, project implementation, project planning, scheduling
and monitoring, project control (PERT, CPM techniques
including crashing), project evaluetion.

Information technology and management. Role of
information, management information system and decision
support system. Information technology—introduction to e-
business, e-commerce and integration tools like enterprise
resource planning (ERP).

Recommended Books
A K Gupta Engineering Management. S Chand & Co.
Ltd., NewDéehi.

.. S Ddédaand Mansoor Ali. Industrid Engineering and
Management Systems. Standard Publishers & Distributors,
Delhi.

SC Sharma. Engineering Management, khannabooks.com
E SBuffa Modern Production/ Operations Management.
New Agelnternationd (P) Ltd., New Ddhi.

g CHEMICAL REACTION
z ENGINEERING

Group A
Classification of reactorsand reections. Definition of reection
rate, variables affecting the rate. Rate theories—the Arrehenius
reldionship. Collision theory and activated complex theory.
Order of reaction and its determinaion. Interpretation of

kineticdaafor batch and flow systems. I ntegra and differentid
methods of andysis.

Design of batch, semi-bach and flow reatorsfor ided singe
reactions, reaction in series and in parallel and mixed reactions—
dl under isotherma conditions.

Group B
Comparison of performanceof CSTRwith PFR. Theeffect
of volume change during the reaction. Re-active digtillation.
Membrane reactors. Introduction to design of adiabatic and
non-isothermal reactors. Kinetics and typicd examples of
uncadyzed heterogeneousreactions.

Propertiesof cadystsand their determination. Classificdion
of caaysts. Generd procedure for manufacture of cataysts.
Promoters, inhibitors and poisons. Mechanism of caayzed
reections Design of fixed bed and fluidized bed catdyticreactors
under isothermd conditions.
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Introduction to non-ideal reactors. Residence time
distribution, disperson modd and its solution for different
boundary conditions.

Recommended Books
JM Smith. Chemica Engineering Kinetics. McGraw-Hill
Internationd.

O Levenspiel. Chemicd Reaction Enginesring McGraw-Hill
Internationd.

TRANSPORT PHENOMENA

Group A

Momentum transport: Physicd propertiesof fluids, forces
on fluids buoyancy, hydrostatic equation for compressiblefluids
Laws of viscosity. Types of fluid motion—flow through pipes
and channels. Bernoulli’s theorem. Conservation of mass and
momentum head loss in fittings. Solution of pipe flow
problems. Differentia baancesin Cartesan coordinates Navier-
Sokesequation. Solution of Navier-Sokes equation for smple
cases Creeping flow:

Turbulent flow: Nature and intensity of turbulence.
Universd velocity distribution. Flow through rough pipes.
Boundary layer flow solution for laminar and turbulent flows.
Flow past immersed bodies. Application of dimensiond andysis
in fluid dynamics.

Group B

Energy trangport. Thermd condudtivity. Seady and unsteady
state heal conduction in one-dimensiond system. Convective
hedt transfer coefficients. Heet transfer with laminar flow overa
fla wal and through pipes Hed transfer with turbulent flow.
Condensaion and boiling hea transfer. Anadogies between
momentum end heat transfer.

Mass transport: Theories of diffusion. Component mass
baance Convectivemasstransfer coeffidents Masstransfer with

laminar flow and with turbulent flow over aflat wal. Andogies
between momentum and mass transfer. Simultaneous
momentum, hea and mass transfer.

Recommended Books

R B Bird, W E Sewat and E N Lightfoot. Transport
Phenomena Wiley Interndiond.

CO Bennett and JE Myers Heat and Momentum Transport.
McGraw-Hill Internationd.

g CHEMICAL ENGINEERING
& THERMODYNAMICS

Group A
First lam Evauation of P-V-T propertiesof fluids. Law of

corresponding state. Residua volume, compressibility factor.
Equationsof state Heat effects. Clausius-Clapeyron equation.

Second lan Entropy. Carnot cyde work fundtion, freeenergy.

Phase rule—its use in study of multicomponent systems.
Group B

Refrigeration. Thermodynamic efficiency, production of
work from hedt. Partid mola properties. Chemicd potentid,
fugecity.

Activity and activity coefficients. Gibbs-Duhem equation.
Determination of activity coeffidentsfrom van Laar equdtions.
Chemical reaction equilibria Introductionto Third Law.
Recommended Books

JM Smith end H C Van Ness Introduction to Chemicd

Engineering Thermodynamics. McGraw-Hill I nternationa.

E Bdzhiser and R Samuels. Engineering Thermodynamics.
Prentice-Hall of India(P) Ltd., New Delhi.

CHEMICAL PROCESSPRINCIPLES

¢

Q

Group A

Gregphica methods of curve fittings method of least
squares, solution of cubic equationsbytria and error method.
Conversion of units. Dimensiona andysis. Properties of gas,
liquid and solid. Equations of stae.

Vepour pressure. Vapour pressure plots vapour pressure
of immiscible liquids and vapour pressure of solutions.
Humidity and saturation humidity chart. Super saturation.
Didribution of asolute betweenimmisdbleand partidly misdble
liquids. Solubility of gases.

Group B

Materidsbdance Conaeptsof limiting and excessreactants,
batch, stage-wise, continuousand recycleoperations. Materid
baance of systems involving mixing, extraction, digtillaion,
crystdlization, chemicd reaction and recydeprocesses

Heats of formation, combustion, reaction, solution,
dilution, etc. Effect of temperaureon heet of reaction. Energy
baanceof systemswithout and with chemicd reactions Maerid
and energy balance cdculations for simple processes like
manufactureof sulphuric acid, nitricacid and dkdi.

Recommended Books
O AHougen, K M Watson and RA Ragatz. Chemical Process
Principles—Part 1. Asia Publishing House, Mumbai.
SK Ghoshd, SK Snyd and S Dutta Introduction to
Chemica Engineering TataMcGraw-Hill Publishing Co.
Ltd., New Ddhi.

B | Bhat and SM Vora Soichiometry. TataMcGraw-Hill
Publishing Co. Ltd., New Delhi.
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CHEMICALENGINEERING
EQUIPMENT DESIGN

CH 407

Group A
Process equipment supports. Storage tanks and pressure
vessals.

Heat transfer equipment. Concentric pipe, shell and tube,
singe-passand multi-passhea exchangers, Condensers.

Group B

Sngleand multipleeffect evapordors. Plae and framefilter
press.

Mass trensfer equipment. Absorption and distillation
columns; Rotarydryers.
Recommended Books

D Q Kern.Hedt Transfer. McGraw-Hill Internaiond.

R E Treybd. Mass Transfer Operaions. McGraw-Hill
I nternationd.

R K Snnett. An Introduction to Chemicd Engineering
Design in Chemical Engineering: Vol 6. Coulson and
Richardson Series, Pergamon Press, Oxford.

MASS TRANSFER OPERATIONS

CH 411

Group A

Principles and theories of mass transfer. Mass transfer
coefficientsand their correldions. JD factor and HTU concepts.
Absorption, prindples, packingmaterids. Flooding and loading
points. HETP and HTU concepts. Absorption conoepts and
qudlitativetrestment.

Distillation: Batch, continuous, flash, vacuum, steam,
molecular, azeotropic, extractive and multi-component
distillation. Theory of fractiond distillation of binary mixtures.
Cdculation of number of theoreticd plaes Plate effidency.
Minimum and optimum reflux.

Group B

Crydtalization: Factors influencing nuclestion and crysta
gowth. Cakingof ctystds. Different cryddlizarsand ther design
prindiples.

Extraction: Bach and continuous. Cdculation of number
of ided stages. Multistage extraction. Equipment and their
design principles.

Drying: Theory and mechanism of drying, drying rates,
different dryers and their design prindples Wet and dry bulb
hygrometry. Humidification and dehumidification. Air-
conditioning. Cooling
Recommended Books

R E Treyba. Mass Transfer Operaions. McGraw-Hill

I nternationd.

W L McCabe and JC Smith. Unit Operationsof Chemica
Engineering. McGraw-Hill Interndiond.

HEAT TRANSFER OPERATION S

CH 412

Group A
Fouriers’ laws of conduction, steady state conduction of
heat through solids. Seady state heating and cooling of liquids.
Convection-free and forced, heat transfer correlations—free and

forced. Heat trandfer from verticd surfacesand rotaing bodies.

Heat transfer from condensing vapours and boiling liquids—
filmwise and dropwise. Boiling coeffidents. Foulingfactors. Heat
exchangeequipment likehea exchangers condensersand weste
heat boilers. Hedt trensfer in stirred tenks.

Group B
Heat transfer by radiation—black body and grey body
radidion, lanvsof radiation. Shapefactor. Combined hedt transfer
coeffidentswith convection and radiation.

Evaporation: Various types of evaporators and their
attachments, performance of evaporators, boiling point rise.
Sngeand multiple effects. Forward feed, backward feed and
mixed feed. Vapour compression eveporation. Barometric
condensars.

Recommended Books

D QKern. ProcessHedt Trandfer. McGraw-Hill Interndiond.

W L McCabeand JC Smith. Unit Operationsof Chemica

Engineering McGraw Internaiond.

S P Sukhatme. A Textbook on Heat Transfer. Orient
Longmen Ltd., New Delhi.

MECHANICAL OPERATIONS

CH 413

Group A

Classifications and performance of pumps, blowers,
compressors and turbines—their selection and specifications.
Mechanica and pneumatic conveying equipment and power
consumption. Design of conveyor belts.

Theories of filtration—constant rate and constant pressure
filtrdion. Optimum cyde, compressible cakes and filter ads.
Centrifugetion. Flow through packed beds. Fluidization.

Group B
Size reduction—types of equipment and their studies.
Closed and open drauit grinding Lawsof crushingand grinding,
power requirements, Screening—equipment and efficiency.
Sedimentation—free and hindered setting. Cyclones and
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Mixing equipment and characteristics, power consumption
and effidency. Measurements of fluid flow by weir, V-notch,
orificemeter, venturi meter, pitot tube and rotameter.
Recommended Books

WL McCabeand JC Smith. Unit Operations of Chemicd
Engneering McGraw-Hill I nternationd.

.. AMGaudin. Principlesof Minerd Dressing TataMoGraw-
Hill Publishing Co. Ltd., New Delhi.

FLUID MECHANICS

H 414

(&)

Group A

Introduction. Shear diress, visocosity, kinemdic viscosity,
dependenceof visoosty on temperatureand pressure. | ded fluid.

Fluid statics: Pressure hydrostatics. Forces on submerged
surfaces and bodies. Manometers. Dimensiond andysis and
similitude. Buckkingham Pi theorem, methods to determine
dimensionless groups. Reynold, Froude and Mach numbers.

Generd description of fluid motion. Types of flows
streamlines and stream tubes. Dynamics of fluids in steady
motion. Equation of continuity and momentum, momentum
cotrection factor. Bernoulli’s equation. Application of continuity,
momentum and Bernoulli’s equation to physical situations.

Group B

I'low in pipes, Poiseuille’s equation; kinetic energy correction
factor; friction factor; hydraulic radius; D” Arcy-Weisbach formula.,
Equivaent resistance of vaves and fittings. Expandon and
contraction losses

Flow around immersed bodies. Boundary layers—laminar
and turbulent. Pressure distribution. Drag and lift-form drag;
drag coefficient; drag coefficient as a function of Reynold’s
number. Stoke’s law, Terminal velocity. Compressible flow:
Quditaivetrestment only.

Recommended Books

WL McCabeand JC Smith. Unit Operaionsof Chemicd
Engneering McGraw-Hill Internationa.

V L Stregter and E B Wylie. Fluid Mechanics. MoGraw-Hill
Internationd.

Sadhu Singh. Fluid Mechanics
Khanna Book Publishing (P) Ltd., New Delhi.

INSTRUMENTATION AND
CONTROL

CH 415

Group A
Temperature measuring instruments. Bimetdlic, vapour

pressure, thermocouples, resistance thermometer, radidion
pyrometer, opticd pyrometer, photoelectric pyrometer,

thermistor. Response of these instruments. Instrument
performancecharacteridicsand evduation.

Composition measuring instruments. Spectroscopic
method, thermd condudtivity cdll, carbon dioxide andyser, fuel
gas andysis, oxygen analysis, pH meter, refractomer,
chromaograph, colorimetry and polarograph. Responseof these
instruments. I nstrument performance characteristics and
evdudion.

Messurement of pressureand volume. Manometer, pressure
spring Mdeoid gauge. Pirani gauge, ionisation gaugeand liquid
seds. Response of theseinstruments. Viscosity messurement,
gpecific gravity messurement, level meesuring devices, flow
measuring devices measurement of displacement and density.

Group B

Transfer functions and input-output models Dynamic
responseto gtep inputsof first and second order systemswith
or without timelags Feedback control and effect of proportiond,
integrd and derivaivecontrol.

Root-locus andysis and stability of feedback controlled
sydems. Frequency responseof sysgems. Bodediagrams. Ziegler-
Nichols methods.

Recommended Books

.. D P Eckmen. Industria Instrumentation. New Age

Internaiond (P) Ltd., New Ddhi.

. DC Sikdar. Instrumentaion Process & Process Control.
Khanna Book Publishing Co. Ltd., New Ddhi.

.. A Suryanaayana Ouitlines of Chemicd Instrumentation
and Process Control. KhannaPublishers, Dehi.

FUELSAND COMBUSTION

CH 421

Group A
[ntroduction to different energy sources—conventional and
non-conventiond.

Cod technology: Crigin of cod, itsdassification. Washing,
briquettingand carbonization.

Liquid fuds. Petroleum and prepared liquid fuds. Synthetic
liquid fuels Sorage, handling, utilization and testing.

Group B

Gaseousfuels Naurd gas LPG, manufactured gasessuch
asproducer gas, water gas and hydrogen. Cod gasification.

Combustion and furnaces Soichiometry, combustion
thermodynamics, propagation of flame and combustion
gppliances. Fluidized bed combustion. Elementary concepts of
furnacedesign. Regeneratorsand recuperdors.
Recommended Books

SP Shamaand M Chander. Fuels and Combustion. Taa
Mc-Graw-Hill Publishing Co. Ltd., New Ddhi.

|EI EXAMINATIONS | “




.. SSakar. Fuds and Combustion. Orient Longmen Ltd.,
New Ddhi.

§

L
o

BIOCHEMICAL ENGINEERING

Group A

Scope and importance of biochemicd engineering and
biotechnology. Micro-organisms: Structures composition and
activity. Kineticsof cell growth-Monod equation.

Metabolic pathwaysand bioenergetics.

Enzymes: Biocdalysts, immobilized enzymes, enzyme
kinetics—Michel-Menten equation. Sequential enzyme reactions,
regulaion of enzymeactivity.

Group B

Transport phenomenain microbid systems. Fermentation:
Process parameters, sterilization. Process control.

Bioreactors: Different types—design and scale up. Cellular
genelic, genetic manipulation, principles of recombinant. DNA
technology. Important biochemical products—their
menufacturing proceduresand uses.

Recommended Books

. F C Webb. Biochemical Engineering. Van Nostrand
Publishing Co.

. JE Baley and D F Ollis. Biochemica Engineering
Fundamentds. McGraw-Hill Internaional.

]
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(See page 15, subject CH 413)

MECHANICAL OPERATIONS

CHEMICAL PROCESS
TECHNOLOGY

CH 424

Group A

Water for industries and water tredment: Boiler feed water,
coolingtower water and processplant water. Waer tresiment by
lime-soda process, flocculation, aeration, deseration and ion
exchangemethods Addindugtries Sulphuric, hydrochloric, nitric
and phosphoric adds. Alkdi industries: Caustic soda, sodium
carbonae, chlcrineand bleaching powder.

Fertilizers: Nitrogenous, phosphatic and portassic—raw
materids and manufacturing processes. Mixed and compound
fertilizers. Superphosphdes. Bio-fertilizers.

Group B
Glass, ceramics, cement and refractory industries. High
polymers, including plastics, rubber and fibres—their chemistry

and technology. Petroleum refinery and petrochemicas.

Oilsand fats: Refining, hydrogenation, fat splitting Soaps
and detergents. Pulp and paper industries. Industrial
fermentation—ethyl alcohol.

Recommended Books

R N Shreve. Chamicd Process Industries. McGraw-Hill

| nternationd.

M Gopal Rao and M Sitting; Dryden’s Outlines of Chemical

Technology. Affiliated East-West Press(P) Ltd., New Délhi.

OP Gupta Chemical Technology

Khanna Publishing, New Ddhi.

@ INSTRUMENTATION AND
T CONTROL

Q

(See page 16, subject CH 415)

TECHNOLOGY

Group A

Genesisof polymers, chemistry of polymerisation. Chain
and step polymerisation, polymerisation techniques. Co-
polymerisdion.

Kineticsof polymerisaion, molecular weight, glasstrangtion
temperature Crydalinity.

Polymer theology. Visoosity, gpparent viscosity, Newtonian
and non-N ewtonian fluid, power law, visesastic behaviours

Polymer characterisation. Polymer synthesis, molecular
weight method gpc, therma andysis

Polymer degradation. Therma, mechanicd, UV radiation,
oxiddiveand hydrolyticdegraddtion.

Group B

Plagtic materid and processing technology. Polyethylene,
polypropylene, polystyrene, PVA, PVC polyurethane.

Plagtic processing Mixing, molding, extrusion. Rubber
materid and processing technology: Naturd and syntheticrubber.
Thermoplasticeastomers.

Rubber processing: Compounding, vulcanisation (mixing),
molding, extrusion, cdendering

| dentification, testing and evauation of plasticand rubber.
| dentification of common plastics and rubbers.

Physical testing—stress-strain tear, hardness, resiliena.
Flexing, abrasion, and impact testing. Electricd properties.
Resistivity didectricconstant, power fector.

Recommended Books

P Ghosh. Polymer Science and Technology. TataMcGraw
Publishing Co. Ltd., New Ddlhi.

2 POLYMER MATERIALS AND
T
3)
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F B Billmeyer. Textbook of Polymer Science. Wiley
Interscienog New York.

JR Fried. Polymer Sdenceand Technology. Prentice-Hal of
India(P) Ltd., New Dédhi.

V RGowerikar, N V Visvanahan and JSeedhar. Polymer
Sdence New Agelnterndiond (P)Ltd., New Ddhi.

PETROCHEMICAL ENGINEERING

CH 432

Group A
Origin, occurrence, composition and physica propertiesof
petroleum. Evauation of oil stocks. Petroleum refining
processes—topping and vacuum distillation. Thermal
cracking—vapour phase, liquid phase and mixed phase.

Thermal reforming and polytorming, Catalytic cracking—tfixed

bed, fluidized bed and TCC. Catayticreforming.

Conversion of petroleum gasesinto motor fuel with specid
reference to dkylation, polymerization, hydrogenation and
dehydrogenation. Production of avidion gasoline, motor fud,
gasoling, kerosene, digtillates, diese! oil, tractor fud, jet fue and
fuel oil. Octane number, cetane number, diesel index—their
determination and importance.

Group B
Lube manutacture—vacuum distillation, solvent extraction,

uses of lubes. Petroleum waxes. Chemicd and dlay trestment
of petroleum products. Naturd gas. Carbon black.

Petrochemicals—manufacture of a few important
petrochemicas and their uses. Elementary study of
multicomponent distillation as gpplied to petroleum refineries.
Spedficationsand tegting of refinery products.
Recommended Books

W L Nelson. Petroleum Refinery Engineering McGraw-

Hill Internationd.

OP Gupta. Blements of Petrochemicd Engineering,

Khanna Publishing, Delh.

B K BhaskaraRao. Modern Petroleum Refining Processes

Oxford and IBH Publishing Co (P) Ltd., New Ddhi.

3 INDUSTRIAL POLLUTION
5 AND CONTROL
Group A

The ecosystem. Effect of polluted environment on
ecosystem. Classificaion of pollutants. Sources of pollutants.
Toxic chemicals and other industrial wastes Methods of
estimation of pollutants.

Approach to air pollution control. Pollution control
techniqueswith referenceto gaseous, liquid and solid pollutants.

Control equipment for particulate emission. Solid waste
trestment and management. Pollution control with recyding
GroupB

Weastewder and dudgetreaments. Trestment of industrid
wastes from typica chemicd indusdtries. Pollution control in
industrieslikeadd, dkdi, fertilizer, pgper and pulp, food, pero-
chemicds, leather tanning and brewery industries.

Elementary microbiology related to pollution and pollu-
tion control. Aerobicand anaerobic processes. Pollution control
legidation.

Recommended Books

G N Pandey and G C Carey. Environmentd Engineering Tda
McGraw-Hill Publishing Co Ltd., New Delhi.

O P Gupta. Elements of Environmental Pollution Control.
Khanna Publishing Co. Ltd., New Ddhi.

% FERTILIZER TECHNOLOGY
Q
Group A

Soil fertilizer interaction. |mportanceof fertilizers Fertilizers
recommended for variouscrops.

Nitrogenousfertilizers Feed stock for anmoniaprodudtion
and synthesis gas production—production procedures.
Manufactureof anmmonia ureaand other nitrogenousfertilizers.

Phosphatic fertilizers: Raw materids, single and triple
superphosphate manufacture.

Potassicfertilizers: Raw maeriasand sources. Production
of important potassic fertilizers.

Group B

Mixed N-P-K fertilizers, granuleted fertilizersand compound
tertilizers—production procedure.

Micronutrients: Production and applications.

Organicfertilizers: Compost and biofertilizers, comparative
studywith chemicd fertilizers.

Pollutiond problemsin fertilizer industriesand their control.
Recommended Books

R N Shreve. Chamicd Process Industries. McGraw-Hill
Internationd.

M Gopal Rao and M Sitting, Dryden’s Outlines of Chemical
Technology. Affiliated East-West Press(P) Ltd, New Ddhi.

§ INSTRUMENTATION AND
-

5 CONTROL

(See page 16, subject CH 415)

|EI EXAMINATIONS | “




CIVILENGINEERING

Civilization—The Other Name of
Engineering

Ancient momumenta buildings,
roads, aquedudts, elc. giveampleevidence
of ‘Civil Engineering” work of the past.
Mohenjodaro and Harappaof 2500 BC
with planned buildings, streetsand even
sewer systems come in contrast to
modern cities Theancient Egyptiansand
Sumerians dso constructed effective
candsandirrigation systems.

In Egypt, the boundaries of land
were fixed after seasonal floods by
‘surveyors’ having knowledge of
geometry. The Romeans lad road over
80000 km, part of which havewithstood
the test of time. They also used arches’
or ‘vaults’ extensively as support

gructuresfor buildings and bridges.
Asduringthesixteenth century there

was no differentiation between architects’
and ‘engineers’, it was mainly on personal
ability, inclination and aptitude that
characterised aproject executor asan artist
and architect or atechnician and engineer.
Cementation of Civil Engineering
with the Advent of Iron & Steel
Thedevelopment of technologiesfor
iron and sted production asaconsequence
of the industrial revolution helped to
adopt iron and steel structures for
eoonomy and aocuracy in divil engineering
work. A modern suspension bridge was
erectedin North Americain 1796. During
the nineteenth century, hydraulic
engineering developed through the
efforts of Prony, Eytenwein, Derey,
Weishach, Bazin and others. De Sazilly
(1853) and Delacre (1866) outlined the
basic theories for congtruction of dams
whereas Franz VVon Rziha (1831-1897)
invented the sdentific techniques for
tunnel construction. Compressed ar
foundation wasfirst used by Smeston.
Pozzolana ash, a volcanic deposit
found in Itay, had long been used for
the preparation of hydraulic mortar.
Condridion sted a plant Many tried to
producean efident hydraulic agent but

Candrudion site o a plart

an English mason and building
contractor, Joseph Agpdin (1799-1855)
succeeded. He called the project “Portland
Cement’ to utilize the popularity of the
portland stone as building materid.
Reinforced concrete was invented by
Joseph Munier in 1867 and the first
reinforced conaretebridgewas constructed
eight yearslater.

M ultidimensicnal Engineering

Civil engineering encompasses
residentid, industria and commercia
buildingswith afoundation suited to the
geologicd conditionsand with ardigble
frame structured to support the floors,
wdls and roof, capable of resisting fire,
wind forces and seismicshocks.

Civil engineeringisaso involved in
the areation of efficient and economicd
transportation facilitiesand termindson
surface and water, including streets,
highways, expressways and parking
facilities; rapid transit systems and
subways; transmission systems and
pipines, waterways damsand harbours;
arportsand runwaysand even themost
sophigicaed launch fadlitiesfor vehides
to outer space. Pafect knowledgeand the
most credtive skills are needed to mest

the critical parameters of load,
topography geologica considerations,
socid constrants aestheticsand economy.

The harnessing of rivers to control
floods, produce hydro-glectric power and
provide water for agricultura, domestic
andindustrid usescompriseamgor area
of Civil Engineering gpplication. Ground
water resource development and efforts
towards exploitaion of ocean resources
for minerdsaredso important.

Civil Engineering invoices the
planning, design, construction and
management of al types of works
and fadlities, including buildings
and structures, transportation
facilities, water resource
development projects, power
generation plants and other
fadlitiesto enhancethecomforts
of man. These activities are
generdly categorized as public
worksof thegovernment. But the
dvil engineer extensively offershis
expertisedso to privaeindustries
and military establishments.
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CIVILENGINEERING

ENGINEERING MANAGEMENT

IC 402

(See page 13, subject 1 C 402)

wgr CIVILENGINEERING MATERIALS
s AND CONSTRUCTION PRACTICES

Group A

Introduction to civil engineering materials—stone, timber,
cement, steel, plagtics, concrete. Engineering properties of
matetials—density, strength (compressive, tensile, flexural, shear,
etc.), modulus of elasticity, fatigue, limit, creep, shrinkage,
relaxation, permeability, fire resistance. Materials and
environment—effect of environment on materials.
Classification of environment—temperature, humidiry, rain, fire.

Sed: Manufacture, rolled sections, properties, dassificdtions

Cement: Manufacture—wet and dty processes, constituents
and constitution, properties—setting, strength, durability,
classification—high early strength, low alkali, rapid hardening,

Concrete: Constituents—coatse and fine aggrepates, cement,
water. Mineral admixtures—flyash, blast furnace, slag, silica fume.
Chemical admixtures—air entraining, set retarding and
accelerating, super plasticising. I'resh concrete—workability, air
content, segregation. Hardened concrete—strength, hardness,
modulus of dasticity, modulus of rupture.

Special concretes—iibre, teinforced, shorterete, underwater,
high strength. Deterioration and durability—reinforcement,

corrosion, carbonation, dkdi-aggregeereaction.
Group B
Bricks: Manufacture, classification. Other materials.

Standardization and standards—need to have standards and
some common internationd standards. Relevant Indian
standards (commonly used standards to be listed with brief
description). Quality control. Non-destructive testing and
evdudion.

Construction practices Sandardsreevant to qudity control
a site. Safety issues. Quantities and estimation. Tender
document. Contracts—unit rate, lumpsum, turnkey. Project
management—CPM, PERT, bar charts, pie diagrams, escalation,
deprecidion.
Recommended Books

A M Neville. Properties of Concrete. ELBSPublication.

S C Charma. Civil Engineering Construction Materials
Khanna Publishing, New Delhi.

B C Punniaand K K Khandelwa. Project Planning and

Control with CPM and PERT. Laxmi Publications, New
Ddhi.

D N Ghose Materidsof Consruction. TataMcoGraw-Hill
Publishing Co. Ltd., New Ddhi.

! GEOTECHNICAL AND

G FOUNDATION ENGINEERING

Group A

Introduction to soil mechanics, examples of geotechnica
engineering applications. Description of assemblage and
individua partides, dlassificaion, etc. Soil types.

Geodtaic dresses, dressesdueto gpplied loads, stresspoint,
gress paths, prindple of efective stress. Soil-wder systams,
capilarity, flow through soils. Darcy’s law, tests to determine the
coefficient of permesbilityin thelab andin situ, one-dimensond
flow, totd devation and pressure heads, piping/ quicksand
condition.

Two—dimensional flow, seepage, continuity condition,
methods of solution, confined and unconfined flows, flow
nets, etc. Tests for strength and stress strain rdations stress
paths.

One-dimensiona compression test, compressibility
parameters, maximum past consolidation pressure, OCR,
phenomenon of consolidation, Terzaghi theory, coefficientsof
consolidation and secondary compression (creep), consolidaion
under construction loading, vertical drains, radia flow
consolidation, etc.

Strength and triaxia testing, Mohr-Coulomb strength
criterion, draned, consolidaied, undrained and undraned tests,
strength of sands (loose and dense) and fine graned (NC and
OC) wils, partidly sduraed soils, volume changes (dilation
and contraction) dueto shear stresses.

Group B
Characterisation of ground, site investigations, methods
of drilling/boring, sampling and in situ tests—SPT, CPT, plate
load test and itslimitations, groundwater levels, etc.
Besring capacity of foundations, generd, loca and punching
shear modes, theories, corrections for different conditions,

ultimate and alowable pressures, methods based on in situ
tests.

Settlement of founddions, one- two- and threedimensiond
gpproaches, immediate consolidation and creep settlements,
stress pah method, methodsbased on in situ tests, etc. Choice
of typeof foundations, shdlow/ desp, isolaed, combined, strap,
trapezoidd or mat foundations, contact pressure, distribution,
basics of footing design. Ground improvement methods,
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preloading, vertica drains, vibrocompaction, stone columns,
heavy tamping, etc.

Earth pressure theories, Coulomb and Rankine theories,
effect of layering, water level, etc. Retaining walls, types—gravity,
cantilever, counterfort, reinforced earth, etc. Design methods,
checkingfor stability.

Recommended Books
RF Crag Soil Mechanics ELBS van Nostrand, UK.

.. C Venkataramah. Geotechnicd Engneering New Age
Internationa (P) Ltd., New Delhi.

E WATER RESOURCESSYSTEMS
O

Group A

Introduction to waler resources systems : Elements of a
waer system, concept of asystem, systemsandysistechniques,
issues in systems gpproach, advantages and limitations of
systems gpproach, chdlengesin water sector.

Acquisition and processingof water resourcesdaa: Types
of data, design of hydromet networks, data validation,
acquisition and processing of precipitation and other
meteorologica data, acquisition and processing of streamflow
data, waer qudity and other data, water resourceinformation
system. Emerging techniques of daia acquistion and systems
modelling.

Remote sensing, geographicinformation systems.

Saidicd techniques for data andysis: Random variable,
cumulative distribution function, probability distribution
function, distribution characteristics. Normal distribution,
extremevduetypel distribution, Gamnmadistribution, Pearson
typel Il distribution, discrete probability distributions, method
of momentsfor continuous and discrete systems, problemsof
parameter estimation, hypothesis tedting; t-test, Chi-square
distribution, linear regression, correlaion anaysis. Frequency
andydis, frequency factor method, time-series andysis, auto-
regression and moving average modes.

Systems andydistechniques : Optimization, Kuhn-Tucker
conditions. Linear programming : Standard form, graphica
solution, simplex method, dudlity, piecewise linearization,
simulation.

Group B

Economic considerations : Basic principles of project
economics, demand utility of water, project economics and
evduaion, discounting techniques, benefit-cost ratio method,
present worth and rae-of-return and annud cost methods,
project-feasibility and optimdity.

Environmental and sociad considerations : Water in
environment, environmentd impact of water resources projects,

environmenta impact of reser vairs, environmentd problems
in commeand aress, environmentd impact assesament, sugtanable
development. Sodd impacts.

Weter resources planning : Stagesin water resourcesplanning,
daa collection and processing, estimation of future weter
demands, preliminary planning, ingtitutiond set-up, public
involvement, formulation and screening of dterndives models
for water resources planning, sensitivity andysis.

Reservoir sizing : Need for reservoirs, classificdion of
reservoirs, water uses reservoir planning, estimation of water
yield, hydro-power generation, reservoir losses waer baance
of areservoir, storagerequirament for conservation purpose:
Mass curve method, sequent pesk agorithm, flood control
storage capacity, reservoir routing
Recommended Books

. SK EHnandV P Sngh. Water Resources Systems: Flanning
and Management. Elsevier, 2003.

.. SVedulaand PP Mgumdar. Water Resources Systems Tda
McGraw-Hill Publishing Company Ltd., New Delhi.

E PRIN CIPLES OF GEOIN FORMATICS

(&)

Group A

Introduction to surveying: Objectives dassification of
surveys, | ndian topographic series map reading

Linear measurements: Distance measurements with chan
and tapes correctionsto measured length, fidd survey by chaing/
tepes

Compass surveying: True and magnetic beerings, local
atraction, fore and back bearing, various types of compasses
and goplicdions, detal plotting, adjustment of compasstraverse
using graphica goproach.

Levelling Concepts of Geold, dlipsoid, MSL and level
surface, methods of levdling, determination of height, booking
of levelling operation, typesof levels, senstivity of thebubble,
trigonometricleveling, curvaureand refraction effects

Contouring: Guidelines for preparation of contour maps,
methodsof contouring Plane Tabling (PT): Accessoriesin PT,

methods of PT, re-section methods, preparation of map.

Theodolites: Measurements of horizontd and vertica
andes differencesin Vamnier and microplictheodolites methods
of recordingangles.

Errorsand adjustments: Accuracy and precision, propaggtion
of variance/ covariance and adjustment of errors using
observation equation and condition equation gpproach (matrix
based solution).

Tacheometricsurveys: Principleand basic system, subtense
bar, varioustypesof tacheometers, plottingwith tacheometers.
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Curves: Classification, elements of simple circular,
compound, reverse, trandtion, vertica curves settingof curves
Group B

Triangulation: Purpose of triangulation and tridteration,
classificaion, strength of figure, well conditioned triangle,
triangulation figures, reconnaissance and station sdlection,
intervisibility of stations, signa and towers, base lining,
computation and adjustment in trianguldtion, satdlite station.

EDM: Principlesand gpplicdions, instruments: Geodimeier,
Tellurometer, Distomat, etc.

Digitd Theodolites/ Totd Saion/ GPS Principles and
applicdions.

Introduction to photogrammetry: Comparison of serid
photographs and topographic maps, definition of basicterms,
perspectiveof near-verticd photograph, scdeand coordindes
from photogrephs, stereoscopy, pardle bar measurements,
determinaion of heights, principle of radid linetriangulation,
assumption, limitations and errors.

Introduction to remote sensing: Remote sensing system,
data-acquisition and processing, EMR and spectrum,
amosphericwindows. I nteraction mechanisms, multi-conoept,
sensorsand platforms. I nterpolation of aerid photographsand
satelliteimagery and their interaction.

Recommended Books

K K Rampd. Surveying. Pragati Prakashan, Meerut (UP).

K K Rampa. Text Book for Photogrammetry. Oxford &

IBH Publishing Co (P) Ltd., New Ddhi.

JM Campbell. Introduction to Remote Sensing Taylor &
Frandis, London.

ANALYSISAND DESIGN OF
STRUCTURES

CV 407

Group A
Analyss
Stability and determinacy of strudtures.

Review of shear foroce and bending moment diagrams in
beamsand frames.

Plane trusses: Method of joints and method of sections.
Déflection of trusses (virtud work method).
Déflection of beamsand frames.

Method of virtual work by Castigliano’s theorem; Moment-

areamethod and conjugate beem method.
Influence line diagrams and moving loads.
Three-hinged archesand cables
Andysisof gtaticdly indeterminaiestructures.
Foroe and stiffness method of andysis.

Plane truss using method of consistent deformation.
Beamsand frames.

Method of consistent deformation, three-moment
equation, dope-deflection equations, moment distribution
method, Kani’s method.

Group B
Design

Introduction.

Structurd fasteners(rivets, weds, bolts).

Design of tension members.

Design of compression members.

Design of beams (rolled section, build-up sections).

Design of bolted (eccentric) connections.

Design of welded plategirder.

Design of industrid buildings (cantry girder, roof trusses,
etc).
Design of beam—columns and column bases.
Design of RCC beams, columns, dlabs and footings by
working stress method of design.
Recommended Books
SP Timoshenko and D H Young Theory of Sructures
McGraw-Hill Internationd.
R Agor. Sructurd Andysis. Khanna Book Publishing Co.,
(P) Ltd., Delhi.
P Dayaranam. Design of Sed Sructures S Chand & Co.
Ltd., New Ddhi.
J E Bowles. Structural Steel Design. McGraw-Hill
Internationd.
S Ramamruthan and R Narayan. Design of Reinforced
Concrete Structures. Dhanpa Ra & Sons, Delhi.

SK Mdlick and A P Gupta Reinforced Conarete. Oxford &
IBH Publishing (P) Ltd., New Déelhi.

ADVANCED STRUCTURAL
ANALYSIS

Cv 41

Group A

Matrix analysis, displacement and force methods:
Computersand structura andysis, brief discussion on andysis
procedures with introduction to displacement and force
methods; basic structurd system and mahematica modd,;
coordinatesystems, joint displacement and joint loads staticaly
determinate and indeterminate structures; kinematicaly
determinateand indeterminate structures.

Member end load matrix: Member deformaion marix;
influence coefficients; globd flexibility matrix; globd stiffness
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matrix; locad member flexibility and stiffness matrices; plane
framemembers, spacefranemembers.

Flexibility andysis of staicaly determinate structures;
computer program for flexibility anaysis, flexibility anadysis of
staticdly indeterminate structures, computer program for
flexibility andysisfor staticdlyindeterminatestructures.

Siffness andysis method; computer program for stiffness
andysisof kinematicdly determinatesystems, stiffnessandysis
of kinemaicaly determinate plane frame; diffness anaysis of
kinematicaly indeterminate systems; assembly process for
obtaninggdobd gtiffnessmatrix from member giffnessmarices
for planetruss, spacetruss, planeframeand spaceframe.

Group B

Stress andysis and falure criteria Anaysis of stress and
strain—yprincipal stresses and strains, deviatotic stress and strain,
stress and strain invariants; compatibility conditions; and
equilibrium equations. Falurecriteriastress-gtrain relationsfor
anisotropic and isotropic dagticmaterids; yidd (falure) criteria

Stress concentration. Fatiguefalure

Plates and shells; thin plate bending theory, thin plate
bending solutions; membrane theory of shells; bending
theory—circular cylindrical shells.
Recommended Books

J F Fleming Computer Andysis of Sructurd Systems
McGraw Hill Internaiond.

SP Timoshenko and JN Goodier. Theory of Elasticity.
McGraw Hill Internaiond.

R Agor. Structural Analysis. (Second Edition)
Khanna Publishing, New Delhi.

D S Bedu. Strength of Matenals. Khanna Publishing Co.
(P)Ltd., New Delhi.

o DESIGN OF RCC AND PRESTRESSED

o CONCRETE STRUCTURES

Group A
Intreduction to working stress and limit stales/ design.
Working stressdesign of rectangular beams.

Working stress design of T-beams Design of tenson
members and compression members.

Limit states, design of beams.
Design of two-way dabs, design of dreular debs, and design
of fla dabs.

Design ot miscellaneous structures—staircase, curved beam,
lintd, dc.

Group B

Limit state, design of columns. D esign of members under
combined bending and direct stresses.

Design of footings and design of bridges.

Design of liquid retaining tructures.

Design of prestressed concrete structures. Design of
masonry structures,
Recommended Books

P Dayarainam. Design of Reinforced Concrete Sructures.
Oxford and IBH Publishing Co (P) Ltd., New Delhi.

K SRakshit. Design and Construction of Highway Bridges.
New Centra Book Agency, Kolkata

P Dayaratnam. Brick and Reinforoed Brick Sructures Oxford
& IBH Publishing Co (P) Ltd., New Delhi.

S B Vanakudre. Prestressed Concrete
Khannabooks.com. Khanna Publishing, Delhi.

DESIGN OF STEEL STRUCTURES

CV 413

Group A
Industrid buildings: Loads, dassification and types of
buildings, braced and unbraced buildings.
Stedl towers: Tranamission line towers; microwave towers;
guyed towers.
Group B
Multistoried buildings: Anaysis, types of loads, and design.
Other miscellaneoustopics: Sed bridges; pressure vessels;
water tanks, chimneys, elc.
Recommended Books

PDayaratnam. Design of Sted Structures S Chand & Co.
Ltd.,NewDelhi.

Steel Designers’ Manual. ELBS Publication.

STRUCTURAL DYNAMICS

CV 414

Group A
Snge degree of freedom systems: Equations of motion.
Free vibrations, damping Response to hamonic exditation.

Response to general dynamic loading, Duhamel’s integral.

N umericd methods.

Response spectrum: Concept. Deformation, pseudovelodty
and pseudo-accderation response spectra Andysisof SDOF
systemsusing reponsespectrum. Difference between response
gpectrum and design spectrum.

Group B

Multi degree of freedom systems: Equations of motion.
Freevibrations, naturd frequendies and modes. Freevibration
anadysisfor dasscdly damped systems Damped matrix. Rayleich
damping Modd andysis Earthquakeandysisof linear systems
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by response spectrum method.

Continuous systems: Equations of motion. Natural
frequencies and modes. Moda orthogondity. Earthquake
response spectrum anaysis.

Approximate methods: Rayleigh’s method. Dunkerley’s
method.

Recommended Books

A K Chopra Dynamics of Structures: Theory and
Applicdionsto Earthquake Engineering Prentice Hal of
India(P) Ltd., New Dehi.

M Paz. Sructurd Dynamics: Theory and Computation.
Chapmen & Hal, New York.

SEISMIC DESIGN OF
STRUCTURES

CV 415

Group A

Cheracteridics of earthquake: Earthquake terminology.
Magnitude. Intensity. Measurement of ground motion.
Frequency-magnituderelationship. Liquefaction.

Strong ground motion: Accelerdion time histories. Pesk
parameters(peek ground acodlerdion/ velodity/ displacement).
Response spectrum. Steeffects.

Eathquakeandyssof structures | dedisdtion on structures.
Response spectrum andysis. Equivaent force concepts.
Torsionaly coupled systems.

Group B

Concepts of earthquake—resistant design: Objectives.
Ductility, ductility reduction factor, overstrength, response
reduction factor. Design response spectrum. Laterd stiffness.
Building configuration. Base isolation. Concept of structurd
control.

Building codes: Performance of buildings in past
earthquekes. Historicd perspectiveon codedevdopment. Indian
code (151893) provisionsfor buildings.

Detalling of reinforced conarete and masonry buildings:
Provisions of 1S 13920, 1S4326, |S 13827. Retrofitting and
strengthening of buildings (1S 13935).

Other structures: Introduction to concept of seismicdesign
for bridges and liquid retaining tanks.

Recommended Books

D J Dowrick. Eathquake Resigtant Design. John Wiley
Internaiond, Sngapore.

.. D Key. Eathquake Design Practice for Builders. Thomas
Teiford, London.

PRINCIPLES OF ENVIRONMENTAL
ENGINEERING

CV 421

Group A

Environmenta engineering: Introduction and scope.
Fcology and environment—definitions and interactions,
anthropogeniceffeds.

Pollution and environmentd qudity: Air and water qudity
parameters varidion of water qudity in thehydrogeologic cyde,
beneficid usesof water, water qudity criteriaand standardsfor
vaiousbeneficid uses, ar qudity ariteria anbient ar standards.

Pollutants: Definition, significance, messurement (both air
andwater).

Weastes: Solid, liquid and gaseous, and their sources and
chearacteridics

Woater and wastewater quality estimation: Population
forecast, waer demandfor various purposes, variaion in quantity
of water and wastewater.

Overview and dementsof water supply scheme.

Group B
Weer/ wastewater qudity enhancement: Unit operdionsand

processes, physico—chemical vs. biological methods, solid-liquid
separaion, grit removd, screening, commutation, mixing,
equdization, coagulation, flocculation, filtration, disinfection,
aeration and gas transfer, predpitation, softening, adsorption
andion exchange

Surface and groundwater treatment: Sequending of unit
operationsand processes, plant layout, hydraulicconsiderdions.

Rurd water supply and sanitation.

Wastewder collection system and water distribution system:
Review of anaysis, design and gppurtenances.

Recommended Books
OP Gupta. Elements of Environmental Pollution Control
Khanna Book Publishing Company Private Limited,
New Déhi.
H SPeavy, D RRoweand G Tchobanogious Environmenta
Engineering McGraw-Hill Internaiond.

S ENVIRONMENTAL ENGINEERING—
a PROCESSES AND MANAGEMENT

Group A
Introduction: Review of environmenta engineering.
Biologica processes for water and wastewater quality
enhancement. Microbiologicd aspects, classification of

bioprocesses, agrobic and anaerobic processes, dispersed and
immobilized growth systems, reactor anaysis, unit operations
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and processes, acrobic dispersed growth systems—activated
sludge process and its medificaions, aerobic immobilized
growth systems-trickling filters, rotating biologica contactors,
anacrobic processes—conventional, stationary and mobile, fixed
film, dudgeblanket, ponds and lagoons, septic tanks.

Overview and dements of wastewder disposd scheme:
Primary, secondary and tertiary treetment, sequencingof unit
operationsand processes, plant layout, hydraulic considerations.

Disposal of wastes: Liquid—inland waters, on land, ocean,
disposal standards—effluent and stream, gaseousatmospheric
dispersion, meteorologicd and steck factors, emission standards.

Group B

Air pollution control: Stack height estimation, particulate
remova mechanisms and processes, reduction of g aseous
pollutants—adsorption, absotption, neutralization, incineration.

Solid waste management: Collection, classification,
reduction—quantity and hazard potential, composting, land
filling, incineration, ground water pollution.

Noise pollution and hazardous waste management:
Définition, measurement, control measures.

Environmentd impact and auditing: Environmentd impact

and assessment—statements and methodologies,
environmental laws—special constitutional provisions, role of
federa and gtae governments and NGOsin monitoring and
control of environmental pollution and resources,

environmenta auditing
Recommended Books
O P Gupta. Elements of Environmentd Pollution Control

Khanna Book Publishing Company Private Limited,
New Ddhi.

H SPeavy, D RRoweand G Tchobanoglous Environmentd
Engneering McGraw-Hill Interntiond.

AIR POLLUTION AND
ITSCONTROL

CV 423

Group A
Introduction: Higory of ar pollution, ar pollution systems,
concepts of air qudity, air qudity criteria and standards,
amospheric chemistry and philosophy of ar pollution control.
Air Pollution sources: Stationary—industrial, domestic, non-

point Mobile: Petrol and diesdl-driven vehides.

Assessment of air pollution: Preparation of emission
inventory, emission factors, pollution loads.

Effects of ar pollution: Human hedth, vegetaion and
property.

Air qudity surveillance: Design of ar qudity monitoring
network.

Meteorolog y: Physics of atmosphere—sun atmosphere,
heat bdance, wind speed, direction, ventilation, mixing height,
stability, dass.

Group B

Transport and dispersion of pollutants: Turbulence,
advection, diffusion equation, Gaussian modd and its
varigtion, plumerise, fate process and migration pathways,
dry and wet deposition.

Engineering control: Setting chambers, inertid devices,
bagfilters, dry and wet scrubbers, mobilesource control,
two- and three-way catalytic converters.

Source sampling and monitoring: I sokinetic sampling
Air pollution legisldions, internationd treaties, emission
standards. Globa and regiond air pollution issues.
Recommended Books

K Wak and C F Warner. Air Pollution: Its Origin and

Control. Harper & Row, New York.

MN Rao and H V' N Rap. Air Pollution. TataMcGraw-Hill

Publishing Co. Ltd., New Delhi.

. OP Gupta. Elements of Environmenta Pollution Control

Khanna Publishing, Delhi.

DESIGN OF WATER AND
WASTEWATER TREATMENT
SYSTEMS

Group A

Environmenta engineering; I ntroduction and scope. Design
considerdion.

Environment qudity and pollution: Water qudity and its
parameters; vaidion of water qudity in hydrogeologic cyde,
beneficid uses of water, water quality criteriaand ambient water
standards.

Weter qudity and hedth.

Consgideration in water supply scheme.

Water and wastewater quantity estimation: Population
forecast; water demendfor variouspurposes, varigtion in quantity
of water and wastewder.

Design of grit removal, equalisation, coagulation—
flocculdion, filtration, disinfection; aeration and gastransfer,
and distribution system.

Group B

Wadewder characterisation, wastewaer qudity parameters,
BOD, COD, varioustypesof solids, physicochemicd, biologicd
methods, solid-liquid separaion, grit removd, screening,
commutation, mixing equaization.

Design of activated dudge process, tricklingfilters, oxidaion
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ponds, oxiddion ditch.

Water quality moddling: DO-BOD Streeter-Phelphs
equdion.

Wastewater collection system: Analysis, design and
appurtenances
Recommended Books

.. OP Gupta. Elements of Environmenta Pollution Control
(including Air Pollution, Noise Pollution, etc)
KhannaPublishing, New Ddhi.

H SPeavy, D RRoweand G Tchobanodous Environmentd
Engneering McGraw-Hill Internationa.

WASTE MANAGEMENT AND
ENVIRONMENTAL IMPACT
ASSESSMENT

Group A

Sourcesand typesof wastes Solid, liquid and gaseouswastes
fromvariousindustries Water usein industry, industrid water
qudlity requirements.

Control and remova of specific pollutants in industrid
wagtewater, eg, oil and grease, cyanide, fluoride, toxicorganics,
heavy metals, radioactivity, etc. Solid and hazardous wastes—
definitions, concept and management aspects.

Recent trendsin industrid wagemanagement, cradleto gave
concept, lifecyde anaysis, dean technologies. Case studies of
variousindustries.

Environment audit, accountsaudit, rlevant methodologies,
regulations. Introduction to SO and 150 14000.

Environmenta management, problems and strategies.
Review of politicd, ecologicd and remedid actions.

Group B

Multidisciplinary environmenta strategies, themanagement
dimensions. Environmental impact Assessment (EIA)—an
overview.

Définitionsand concepts of sustainabledevelopment. Initia
environmental examination, environmental appraisal,
environmentd audit.

Environmenta impact factors and areas of consideration,
meesurement of environment impact, scopeand methodologies
of ElA. Case studies stressing physicd aspects of EIA.
Recommended Books

L W Canter. Environmentd I mpact Assessment. McGraw-

Hill Internationd.

A Dasguptaand N L Nemerow. Industrid and Hazardous

Waste Trestment. van Nostrand Reinhold, New York.

OP Gupta. Elements of Environmental Pollution Control

Khanna Publishing Co. Ltd., New Ddlhi.

TRAN SPORTATION
ENGINEERING

CV 431

Group A

Components of transportation.

Vehideand driver characterigtics

Resstanceto vehiclesand power requirements; Perception-
Reaction time of drivers, Visua acquity of drivers; Driver
comfort.

Pavement maerias, Aggregates, Bitumen; Concrete.

Pavement design; Flexible pavements; Rigid pavements.

Ralway track and structures; Design of formation, sleeper
density, ral joints long welded rals, Properties of deeper
materia, balast, points and crossing, ralway signdling,
interlocking of signas and points.

Geometricdesign; Horizontd dignment; Verticd dignment;
Sght distance.

Group B

Airport planning and design; Regiona planning, Airport
site selection; Airport capacity; Airport design; Runway
orientation; Basic runway length and its corrections; Taxiway
system; Aircraft parking; Termind building

Public transportation, different dternatives and their
usefulness.

Trefficflow fundamentds, traffic streem variables relation
between trafic stream variables.

Trefficstudies: Traffic volumestudies, speed studies, origin
and dedtingtion studies, traffic flow characteridics, traffic capacity
study, parking study, accident studies

Capedity andlevd of serviceandyss Levd of serviceandysis,
capecity of various traffic fadilities like highways, freeways,
signdized intersections.

Recommended Books

L. R Kadiyali. Transportation Engineering.

Khanna Book Publishing, Delhi.

L RKadiydi. Highway Engineering (khannabooks.com)

Khanna Beoks, Ddhi.

SK Khannaand M G Arora Airport Planningand Design.

Nem Chand & Bros., Roorkee.

A Course in Railway Engineering Dhanpat Rai & Sons

Ddhi.

§ TRAFFIC AND TRANSPORTATION

o SYSTEMS

Group A

Traffic engineering—introduction.
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TrefficCharadterigtics
— Road user characteristics
— Vehicular characteristics
TrafficSudies
— Use of speed, journey time, and daily studies
— Method of measuring spot speeds.
— Methods for measurement of running speed and
journey speed
— Vehicle volume counts
— Origin-destination studies
— Parking studies
— Statistical analysis for traffic studies
TrefficControls
— Traffic signs
— Traffic markings
— Traffic signals
— Design of traffic signals
— Types of traffic signals & traffic signal system
TredficSHey
— Road accidents—causes and prevention
— Traffic management measures and their influence
on accident prevention
Traffic Regulations
— Basic principles of regulations
— Regulation of speed and vehicles
— General rules concerning traffic
— Parking regulations
— Enforcement of regulations,
Group B
Urban Trangportation: I ntroduction
— Objectives and policies
— Urban transport problems

— Utban transport systems in India

— lIssues (safety, congestion, pollution, land-use policy)

— Urban transport planning process

Trave Demand Forecasting Models

— Trip generation

— Trip distribution

— Traffic assignment

— Model

Land Useand Transport Planning

— Lane use transport models

— Land use as an instrument of diffusing congeston
— Hierarchy of planning

Public Transport—Needs, modes and systems

— Model split and trip characteristics

— Road based systems

— Rail based systems

— Innovative transit systems

— Automation technology

— Intelligent vehicle highway systems (IVHS)

— Bus and railway stations

Economic Evauation of Transportation Plans

— Costs and benefits of transport project

— Time horizon in economic evaluation

— Basic principles in economic evaluation

Methodsof economic evd uation.
Recommended Books

L RKadiydi. Transportation Engineering;

Khannahooks.com., Ddhi.

M K Agarwa. Urban Transportaion in India. Allied
PublishersLimited, New Ddhi.

] TOWN PLANNING AND URBAN
> DEVELOPMENT

Group A

Planning thoughts through ages—early settlements—
Roman, Greek, Medieval, Renaissance and industrial rowns—

urbanisdtion and settlement structure.

Garden City conecept of E Howard, Geddesian trend and
valey section green bdts. Planning of new towns, evolution of
planning conceptsini ndia Levesof planning surveysforurban
and regiond planning. Contentsof master plan, regiond plan,
structure plan, detaled development plan. Basic principlesin
planning different land uses.

Group B

Planning, legisation and administraion, review of planning
legidaion and Ads rdding to urban and regiona planning
Building by—laws, planning agencies and their functons. Fiscal
policies and resource management in the context of urban
devdlopment. 73rd and 74th CAA anditsimplication to planning

Sum clearance, urban renewd, conser vaion, rehabilitation
and redevelopment. Decentrdisation policies. Review of various
urban development schemes and projects.
Recommended Books

Globd Review of Human Settlements. Pergamon Press,
London.

A Kohun. History Builds the Towns. Lund Humphries
London.

Bolayeli. Concepts and Techniques in Urban Anaysis
Croom Helm, London.
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A D Thomas. Housing and Urban Renewa. George Allen
and Unwin, Sydney.

N Bevas and Rakoic (eds). Managing Fast Growing Cities—
New Approaches to Urban Planning and Management in
the Developing World. Longman, London.

A K Jain. Town Planning, Khanna Book Publishing Co.
Ltd., Delhi

UDPFI—Guidelines—Vols 1-2 of Institute of Town
Planners NewDdhi

Town and Country Planning Acts of various Sate
Governments.

§ DESIGN OF WATER AND
e WASTEWATER TREATMENT
(&} SYSTEMS

(See page 26, subject CV 424)

5 CONSTRUCTION MANAGEMENT
SYSTEMS

=
o

Group A

Introduction to construction management. Construction
industry and itspractices. Problems of construction industr y.
Management problems in construction. Methodolog y of
system design and techniques in congtruction. Elements of
engineering economies. Probability and stdistics. Allocation
models, coordination and inventory model. Queuing modd.
Uncertanty principles. Smulation.

Engneering economicsin construction management. Time
vaueof money, interest tablesand ratesof payment and return.
Depreciation of capitd assets Evduation of feasibility. Public
project andysis and evauation. Case study modules.

Useof dementary daigticsand probabilitytheory. Sdidticd
gpproach, probability distributions, expected vadue andysis,
parameter estimation, statisticd inference, qudity control using
statidtica tools, regression and correlation andysis. Case study
modules.

Allocation modéds in construction. Transportation model

and its solution. Assignment model. Sequencing Case study
modules.

Group B
CPM and PERT network in construdion. Applicationsin

the fidd of construction, planning of scheduling phase and
control phase, optimisdion studies, case study modules.

| nventory management. I nventory costs, lead and economic
order quantity, inventory modds ABC analysis inventory
management.

Queuing models and applications in construction

technology. Queues and queuing theory, models of queues
case study modules.

Condtruction projects management. Orgenisdiond aspects
of sectors such as housing, institutiond and commercid,
industrial and heavy engineering, Contracts—theory and practice.
Humean resourcesdevel opment and construction industry.

Recommended Books

Mézhesh Verma Construction Planning and Management
through System Techniques. Metropolitan Book Co., New
Ddhi.

E L Grant. Principlesof EnginesringEconomy. TheRonad
Press New York.

R Levinand CKirpatrick. Planning and Control with PERT/
CPM. McGraw-Hill Internationd.

L S Srinath. PERT and CPM—Principles and Applications.
Affiliated East—West Press (P) Ltd., New Delhi.
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COMPUTER SCIENCE AND ENGINEERING

The Computerised Leap—
Preparation for the T hird Wave

Though ‘Abacus’, the first
mathematical device used to fecilitate
arithmeica computation, was invented
by the ancient Chinese before the birth
of Christ, the first mechanical ‘Computer’
called ‘Analytical Engine’ was designed by
Charles Babbage between 1830 and 1850.
This first mechanica computer was
capableof performing basic arithmetica
functions.

Thefirg commerdd computer, caled
UNIVAC (Universal Automatic
Computer), using vacuum tube circuits,
was used by the US Census Bureau in
1951. Computers using such circuits
belonged to the first generation.
Invention of the transistor by Bell
Labordoriesin theUSA gavebirth to the
second generation computers like | BM
1401 which used transistors instead of
vacuum tubes. Third generation
computers were introduced in the mid-
1960s with the invention of tiny
integrated circuits on silicon chips.
Integrated chips(I C) becameavalablein
1969. Computers using large scae
integrated chipsaregenerdly cdled fourth
generation computers.

The Micromisation

Invention of the microprocessor in
1972 has changed the computing scene
dramdicdly. A microprocessor, when
interfaced with memory and input/
output units, becomesamicrocomputer.

A Personal Computer (PC) is a
microcomputer which has its entire
centrd processing unit on a single
microprocessor chip. A PC usudly comes
with agtandard keyboard, avisud display
unit and adot matrix printer.

T he Youngest in Service of the Elders
— Computer Aided Engineering

Theuse of computer-based toolsto
help solve engineering problems can be
consdered as ase of four interrdated
problem solving aids: computer
databases and communications;
computer graphics and modelling;

Computer engineering is woven
around thedevice capable of accepting
information, applying prescribed
processes to the information, and
supplying theresultsof theseprocesses.
To enable doing this the device has
some basic hardware organisation,
namely, input and output devices,
storage, arithmetic and logic units and
control unit. The root however liesin
the proper understanding of the
designing, manufacturing, testing and
implementingthemin SS to VLS chips
for specific functions on the one hand
and understanding on the other hand
theaspectslikeinformetion scienceand
information technology, organisation
and management of the tota system.
Thehadwareand softwareaspedtsare
judiciously coordinated. Computer
software consists of system software
and gpplicaiion software. Theformeris
designed as a st of ingtructionsto the
machine hardware to interpret and
executethelater, which in turnisaset
of progranminginstructionsfor spedific
applicaions. Computer engineering is
highly flexible in communication with
the user in different compatible
languages. Theengineering hastouched
dtogether a new dimension with the
advent of “artificial intelligence”
requiring a blending of high level
mathematics, physics, cybernaics and
multidisciplinary engineering.

computer simulations and andyses; and
data acquisition and control of physicd
prototypes and production processes.
The applications of computer-aided
engineering extends right from design
stage in CAD to offer flexibility in
menufacturing through computeraided
manufacturing (CAM) and ultimaely to
dosedown with inspection in computer
integrated manufacturing (CIM).
M odelling the Real

Engineers are trained to model
redworld system with more or less
andogous equaions. This simulation is
done by building a mathematical

prototype, which is faster, cheaper and
more flexible than building and testing
the red thing An added advantage of
mathematicd smulation isthat it alows
a better understanding of the system
under investigation. Furthermore,
varidions may betried to get an optima
solution. Finite element analysis
techniques areexcdlent examplesof the
andvticd gpplicaionsof computer-aided
engneering Thetechnique can beapplied
to anyfidd problem, such ashest transfer,
electrodynamics and behaviour of
sructures

Achievementsin| ndia

Redlising the importance of the
computer industry in the national
development programme, the
Government of | ndiain 1984 announced
aradiondised computer policy with the
main objectives of : (i) enabling
manufactureof computersbased on the
latest technology and progressively
increesingindigenisation, consistent with
economicvigbility, (i) smplifyingexigting
procedures to enable users to obtan
computers meeting their requirements,
and (iii) promoting appropriate
Fplicdionsof computers, which cadyse
thedevelopment process.

I n pursuanceof theseobjectives the
Department of Eledronicshad launched
a pilot project ‘Computer Literacy and
Studies in Schools (CLASS)”. Also, 42
Resource Centres were established to
provide technica and other backup
servicesto schoolsinduding training of
teachers and monitoring of the
programme.

Conputer Screen
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COMPUTER SCIENCE AND ENGINEERING

% ENGINEERING MANAGEMENT
(See page 13, subject 1 C 402)
? DATA STRUCTURES
o
Group A

Time and space anayss of dgorithms. Order notation.

Linear ddastructures: Sequentid representations: Arraysand
lists, stacks, queuesand dequeues, dringsand their gpplicdions

Linked representdtions: Linear linked list, circular linked lidt,
doubly linked list and ther applications.

Recursion: Design of recursive dgorithms Tail recursion,
when not to use recursion, remova of recursion.

Group B

Nonlineer datastructures: Trees binarytrees traversdsand
threads, binary search trees, insertion and deletion agorithms,
height-balanced and weight-balanced trees, B— trees, B+trees,
application of trees.

Graph representation. Breadth first search, depth first search.
Hashing, hashing functions, collision resolving techniques.
Sorting and searching agorithms, bubble sort, sdection sort,
insertion sort, quick sort, merge sort, hespsort, radix sort.

File structures. Sequentid and direct access, reldivefiles,
indexed files—B+tree as index, multi-indexed files, inverted
files hashed files.

Recommended Books

.. R 8 Salaria. DataStructures. Khanna Book Publishing
Co. (P)Ltd., New Dehi.

.. A Aho, J Hopaoft and J Ullman. Dda Sructures and
Algorithms Addison-Wesley Publishing Co., New York.

.. D E Knuth. The Art of Computer Programming-Vol. I.
NarosaPublishingHouse, New Ddhi.

E PROGRAMMIN G LAN GUAGES

(&)

Group A
Prindplesof high-level language programming, filestructure
andfilehandling, block structured languages, design principles,
abstractions, control and dda structures, binding, parameter
passing mechanism.

LISP Overviewsof LISP, fundions, conditions, arithmetic,
recursion, iteration, application of LI SPin artificid inteligence
problems.

C language: Fundamentds of C, types, operaors and
expressions, control flow, C-fundtions, recursion, pointersand
arrays, structures, common line arguments, unions, Bitwise
operaors, filehandlingin C.

Group B

C++:Overviewof C++,dassand objeds arraysof objects
operaor overloading, conceptsof inheritanos, basedass, derived
dass, multileve inheritanos, nesting of dasses fileconcepts library
functions, streams, templates.

Jva Features of Java Java arays two-dimensiond aray,
multidimensiond arrays, Javafiles, filel/ O and streams, event-
driven programming, events and applets, passing parameters
to Apples. Examples.

Recommended Books

.. T WPrait and Zdkowitz. Programming Languages Desgn

and Implementdtion. PrenticeHdl of India(P) Ltd., New Ddhi.
R § Salaria. Application Programming in C.

Khanna Book Publishing Co. (P)Ltd., New Ddhi.

.. A Narayan and N E Shakey. An Introduction to LISP.
Affiliated East-West Press (P) Ltd., New Delhi.

.. E Bdaguruswamy: Programmingwith JAVA. TdaMcGraw-
Hill Publishing Co. Ltd., New Delhi.

. RS Salaria. Object Oriented Programming With C++
Khanna Book Publishing Company Private Limited,

New Delhi.

g PULSE AND DIGITAL CIRCUITS

o
(& ]

Group A

Cambinational Logic

Boolean dgebra Introduction, postulates of Boolean
dgebra fundamentd theorems, uniqueness properties, lavs of
Boolean algebra, De Morgan’s theorem, the (inclusion)
implication relation, bounds of Boolean agebra, dudity in
Boolean dgebra Boolean constants, variables and functions,
two-valued Boolean algebra—switching algebra, electronic gates
and mechanica contects

Boolean functions and logic operdions: Introduction, the
norma form, the canonicd form, fundamenta products and
sumg digunctive and conjunctive normd forms, binary, octd
and hexadecima, designations, selfdud functions, logicd
operations, NAND and NOR operations, EXCLUSVE-OR
operdion, functiondly completesets.

[EI EXAMINATIONS




Minimization of switching functions: The Karnaugh map—
introduction cubes and the Karnaugh map, prime cubes,
maximum sum of products, minimum product of sums, don’t
care forms, five— and six—variable maps, multiple output
minimization.

Tabular methods of minimization: Introduction, Quine-
McCluskey dgorithm, thedominanceredation cydicfunctions,
the degreeof adjacency and essentid prime cubes.

Logicsynthesisof switchingfunctions: Introduction, AND,
OR and inverter networks, NAND and NOR networks,
EXCLUSIVE-OR networks multiplexers, read only memories,
progranmablelogicarrays (PLA), PLA minimization, essentia
primecubetheorems, PLA folding.

Relisbledesign and fault detection tests: | ntroduction, fault
classes and models, fault diagnosisand testing, test generdion,
fault table method, path sensitization method, Boolean
differencemethod, rdiability through redundancy, hazardsand
hazard-freedesigns, quaded logic.

Group B
Sequential Cirauits

I ntroduction to synchronous sequentid dircuits, thefinite-
state model—basic definitions, the memory elements and their
excitation functions—S-R flip-flop, J-K flip-flop, D flip-flop, T
flip-flop, synthesisof syndhronoussequentid dreuits.

Capabilities, minimization and transformation of sequentid
machines, the finite-state model—further definitions, capabilities
and limitations of finite-state machines, stale equivaence and
mechineminimizaion, smplification of incompletely specified
machinescompdtible dates, the non-uniqueness of minima
meachines, dosed set of compatibles. Thecompatiblegraph and
themerger teble.

Asynchronous sequential circuits. Fundamenta mode
creuits, synthesis, daie assignmentsin asynchronous sequentid
circuits, pulsemodecircuits.

Finite daerecognisers: D eterministic recognisers, transition
graphs, converting non-deterministicinto deterministic graphs,
regular expressions, transition graphsrecognising regular sets,
regular sets corresponding to transtion graphs.
Recommended Books

N N Biswas Logic Design Theory. Prentice-Hdl of India

(P)Ltd., New Delhi.

AK Maini. Hlectronics Simplified (Hdition 2017)

Khanna Book Publishing,, New Déhi.

g

o COMPUTER ARCHITECTURE
(8]

Group A

Introduction to basic structure and operationd conoepts,
instruction formats, instruction execution

process, addressing modes, stacks and subroutine handling,
instruction sets and organisational features of some
representdivemachines.

Control unit: Hardware control unit design,
microprogrammingand microprogrammed control unit design,
microsequencer and bit dicad microprocessor (AMD 2900) based
microprogram control unit design, horizonta and vertica
microprogramming, nanoprogramming, emulation.

Man memory organisation: Memory hierarchy, virtua
memory, cache memory, interleaved memory and linear
addressing techniques.

[/ O organisation: Addressing of 1/ O devices, memory
mapped I/ O and I/ O mapped I/ O, datatransfer techniques-
programmed, interrupt driven, DMA, I/ O channels
progranming, daatransfer over synchronousand asynchronous
buses, some standard interface bus like VME/ | EEE-488.

Group B

Introduction to RISC and CISC architecture and their
comparison.

Pipelining: Classification, scdar and vector pipélining,
instruction pipeliningand execution pipeining, control strategy
for pipdine schedulingand performanceandysis.

Assodaive memory and itsimplementation with example
agorithmsto run on associdive memory machines.

Plynn’s classification of multiprocessor machines, SISD,
SMD, MIMD (both loosely coupled and tightly coupled).

[ ntreduction to someinterconnection network (mesh, cube,
cyde, hyperaubes, pyramid and omega).

Recommended Books

JPHayes Computer Architectureand Orgenisation. McGraw
Hill Internaiona.

... M Mano. Computer Systems Architecture: PrenticeHal of
India(P) Ltd., New Delhi.

.. K Hwang and F A Briggs. Computer Architecture and
Pardlel Processing McGraw Hill Internationd.

b=

E SYSTEMS ANALYSISAND DESIGN

(&)

Group A
SystemsDevelopment LifeCyde dassiclifecyde
Prototyping.
Feasibility study: Cost estimation, cost-benefit anaysis
Physicd and logicd dataflow diagrams.
Requirement anaysis: Entity-relationship diagrams, decision
tables, CASE tools.
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Systems design: Refinement, softwarearchitecture, program
design fundamentas.

Group B

Structured programming modularity—cohesion and
coupling

Design documentation.

System implementdion: System simulation, planning for
codingand testing, verification and vdidation.

Project review and wakthrough.

I nput-output design, forms design, dialogue design.

Filedesign, security and control.

Management Information System.
Recommended Books

NCC: Introduction to Systems Andysisand Design. Vols
1and 2. GdgotiaPublications (P) Ltd, New Dehi.
I Hawryszkiewycz. I ntroduction to Systems Andysis and
Design. PrenticeHdl of India(P) Ltd., New Delhi.

I Singh. SystemsAndysisand Design. Khanna Books
Publications(P) Ltd., New Ddhi.

GRAPH THEORY AND
COMBINATORICS

CP 411

Group A

Grgphs and digraphs, subgraphs, degree, walk path, cyde,
trees spanning trees, distance, connectivity, reactivity and
reachability, adjacency matrix.

Eularian pathsand dircuitsin graphsand diagraphs.

Hamiltonian paths and dircuitsin graphsand tournaments.

Matching, perfect matching, 4-colour theorem, vertex
colouring, chromatic polynomia edge colouring.

Group B

Planar and non-planar graphs, Fuler’s formula, Kuratowgki’s
theorem. Network, Max flow-Min cut theorem. Graph
enumeration—Polya’s counting theorem. Graph algorithms—
shortest path, minima spanning tree, etc.

Basic combinatorial numbers, recurrence, generating
functions, multinomials. Counting principles. Polya’s theorem,
inclusion and exclusion principles. Block design and error
correcting codes. Hadamard matrix. Finitegeometries.
Recommended Books

N Deo. Graph Theory with Applications to Engineering

and Computer Science. Prentice-Hdl of India(P) Ltd., New

Ddhi.

JA Bandyand U SRMurty. Graph Theorywith Applications

Macmillan | nternaiond.

S B Singh. Combinaoricsand Graph Theory.
Khanna Book Publishing (P) Ltd., New Delhi.

COMPUTER NETWORKS

CP 412

Group A

Introduction: Goas and applications of networks WAN,
MAN and LAN, computer networksand distributed computers

Network architecture: 1SO/ O3 model, topology,
connectivity anadysis, queuing theory and delay anaysis.

Physicd layer: Theoreticd basis of daa communication,
modems, FDM and TDM, X21, communicaion sadlites,
message and packet switching, termina handling polling,
multiplexing and concentration, error detection and correction
techniques. Hamming codesand polynomid codes.

Group B
Daa link layer and network layer: Framing techniques,
network protocols—stop and wait protocol and its performance,
diding window protocol.
LANs Ethernet and token ring CCITT recommenddion
of X.25.

Introduction end overview of internet, TCP/ | P, internet
address. Introduction to web, web design and search engine
Mappingof internet addressto physicd address ARP.

Routing, flow control and congestion andysis.
Recommended Books

A S Tanenbaum. Computer Networks Prentice-Hdl of

India(P) Ltd., New Ddhi.

B Sidhu. An Integrated Approach to Computer

Networks. Khanna Book Publishing. Delhi.

D W Davies. Computer Networksand Their Protoools. John
Wiley and Sons New York.

OPERATING SYSTEMS

CP 413

Group A

Functions and features of OS Different typesof OSviz,,
singleuser, batch processing, multiprogramming, timesharing

Snge user sydem: Basic I/ O system, ROM resident and
disk based I/ O system.

Commeand interpreter with reference to any available
operding systems(likeMSDOS).

File management and directory structures. Memory

management, partitioned, paging, segmentaion and thrashing
Processor management and different scheduling techniques.
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Resource management, disk dlocaion and scheduling
D eadlock detection, recovery, prevention and avoidance.
Group B

Concurrent processor issues—functionality, mutual
excluson, synchronization, interprocess communication.

Primitiveslikesemaphoresand their implementation using
machine primitives.

Concept of conditiond critical region and monitors.
Interrupt handlers, device drivers and controllers, device
independent I/ O and piping

Design issueof multiuser operating sygems(with reference
to UNIX).

Advanced concepts of program and data security and
protection.

Distributed systems conoepts and few basicresults.
Recommended Books
.. A Slberschadz and P B Gavin. Operaing System Concepts.
Addison Wedey Publishing Co., New York.

. A S Tanenbaum. Operating Systems: Design and
Implementdion. Prentice Hall of India(P) Ltd., New Dehi.

. Ekta Walia. Operating System Concepts. Khanna Publishing
Co., New Delhi.

S
= ARTIFICIAL INTELLIGEN CE
O

Group A

I ntroduction. Cognitive science and perception problems.
Problem solving paradigm, intreduction to search techniques,
problem representationsthrough heuristics, search spacesand/

or grgphs.
Basic heuristic search procedures, speciaized search
techniques, decomposablesearch draegies.

Knowledge representation through propositiona and
predicatelogic, fuzzy logic and some gpplications. Solutionsof
artifidd intdligenceproblemsby PROLOG.

Group B

Rulebased deduction and expert systemswith an example
of MYCIN.

Knowledgeengineering, inferenceenginesand expert system
shells.

Computer vision and natura language processing

Concept of neurd network.
Recommended Books

E Chanak and D McDamott. Introduction to Artificid
I ntelligence. Addison Wesley Publishing Co., New York.

Rich. Artificid Intdligence. McGraw-Hill Interngtiond.

Munish C Trivedi. Artificid I ntelligence. Khanna
Publications(P) Ltd., New Delhi.

e DATABASE MANAGEMENT
%) SYSTEMS
Group A

Intreduction. Daabase concepts, architecture, physica data
organization, entity relationship, data models—network,
hierarchicd and relaiond.

Rdationd mode. Sorage organization, relaiona agebra,
relaiond caculus, query languages, functiona dependendies,
decomposition of relationd schemes, query optimisation.

Group B

Daabase Management System (DBMS): Typicd DBMS
based on rdaiond model, DDL, creating, editing, searching,
sorting, reldiond operations, formatted report, etc.

Feduresof acommerdaly available RDBMSas case study
(ORACLE).

Daaadministration. Processing system life cycle, security
and integrity, officeautomation system.

Recommended Books

C ] Date. An Introduction to Database Systems—Vol. I &

[1. Addison Wesdley I nternationd.

R P Mahapatra. Database Managment System. Khanna

Book Publishing, New Delhi,

PARALLEL PROCESSING

CP 421

Group A
Introdudingto pardle processing, achitecturd dassification
and techniques
Arithmetic and ingruction pipdines, pipdininghhazardsand
schedulingtheory:.
Quper scaa architectures, asynchronouspipelines.

Interconnection networks—FHyper cubes, shuffle exchange,

Tree Mesh and Butterfly networks
Group B

Parallel algorithm for linear algebra, sorting, Fourier
transform, systolicarrays etc.

Vector processors, shared memory multiprocessor systems

Dara flow architectures—merits and demerits.

Operating systemsfor pardld procesors.

Some case studies, namdy, IBM 370, Cray X-MP, Cray 1,
Cray 2, Cyber 205.
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Recommended Books

K Hwang and F A Briggs Computer Architecture and
Perdld Processing McGraw-Hill Internaiond.

J Robert Baron and Higbie Lee. Computer Architecture
GagotiaPublications (P) Ltd., New Delhi.

Virendra Kumar. Pardlel Algorithms & Computation.
Khanna Publishing Co. (P) Ltd., New Delhi.
SLakshmivarahan and SK Dhdl. Anaysis and Design of
Pardld Algorithms. McGraw-Hill Internationd.

g
o COMPUTER NETWORKS
o
(See page 34, subject CP 412)
g
) OPERATING SYSTEMS
o
(See page 34, subject CP 413)
<
3 COMPUTER GRAPHICS
(&)
Group A

Variousgragphic display devicesand interactivedevices
Lineand curvedrawingagorithms

Area filling—Scan line algorithm, seed fill algorithm, half
toning

Two-dimensional transformation—translation, scaling,

rotation.
Group B
Windowingand dippingtechniques.

Three-dimensdond graphicsand transformations, reflections
and viewing projections.

Hidden lineand hidden surfacesremovd dgorithms.
Animation techniques.
Recommended Books

S Harrington. Computer Graphics: A Programming
Approach. McGraw-Hill Internationd.

W M Newman and Robert F Sproull. Principles of
Interactive Computer Graphics McGraw-Hill Internationd.

Gautam Roy. Computer Gragphics. Khanna Publishing
Co. (P)Ltd, New Delhi.

0

g MICROPROCESSORS AND

S MICROCONTROLLERS
Group A

Microprocessor architecture and microcomputer systems,
memory systems, input and output devices. Number systems—
binary, hexadecima and BCD numbers, 2s complement and
aithmeticoperdions.

8085 microprocessor architecture Memoryinterfacingaddress
decoding techniques, memory read and write operdions.
Memory map. Interfacingl/ O devices- Memory-mapped I/ O
and I/ O mapped I/ O. Polled and interrupt modes of daa
transfer. 8085 interrupts, direct memory access. I ntroductionto
16-bit microprocessor using 8086 as an example. Concept of
debugger and MASM/ TASM for PC assembly language
programming

Periphera devices. 8255 progranmableperipherd interfape,
8253 programmable counter timer, serid communication with
SD and SOD, 8251 programmeble communication interface,
8250 programmableinterrupt controller, keyboard and display
devices.

8085 assembly language programming: 8085 instructions—
addressing modes. Stack and subroutines. 8085 programmer’s
modd-CPU registers. Addition, subtraction and multiplication
routines. Software delay and counting routines. Logica
operations. Analog and digital 1/O interface routines—ADC

and DAC.

Software development systems: Assemblers and
crossassemblers. Microprocessor  applications.
Microprocessorbased system design aidsand trouble-shooting
techniques.

Group B
I ntroduction to microcontroller: Comparison of various
microcontrollers. 8051 miarocontroller architecture Bi-directiond
daaports, internd ROM and RAM, counters' timers. Osdillator
and clock.

8051 registers. Memory organisations—program memory
and datamemory, internd RAM and bit addressable memory,
specid functions registers memory map.

Externd memory systems and |/ O interface. Accessing
externd program memory, accessing externa daa memory,
avalable |/ O ports during externa memory access. Alternate
port functions. Serid interface. 8051 interrupts. Power down
modes.

8051 assambly language programming 8051 indruction sets
addressing modes, bit level operaions. Arithmetic routines,
counting and timing under interrupt control, keyboard and
display interfaceroutines, accessinglookup tables.
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Softwaredevd opment systems Assemblersand smulators.
Microcontroller based system design and
applicdions.
Recommended Books
R SGaonkar. Microprocessor Architecture: Programming
and Applications with 8085. Penram |nternational
Publishing (India), Mumbai.
K J Ayda. The 8051 Microcontroller, Architecture,
Programming and Applications. Penram Internaiond
Publishing (India), Mumbai.
Tu-Cheng Liu and G A Gibson. Microcomputer Systems:
The 8086/ 8088 Family, Architecture, Programming and
Design. Prentice-Hal of India(P) Ltd., New Ddlhi.
A K Gautam. Advance Microprocessor
Khanna PublishingCo. Ltd., New Ddhi.

PATTERN RECOGNITION AND
IMAGE PROCESSING

CP 431

Group A

Hyperplane properties and decision functions. Minimum
distance pattern classification with simple and multiple
prototypes.

Clustering: K means and isodata algorithm, pattern
dassfication by likdihood functions, bayes classifier, learning
and estimation of mean vector and covariance matrix.

Trainable pattern classifier—Gradient technique, Robbins-
Monre agorithm, potentia functions and leest mean square
errors.

Feature sdlection by entropy minimization, K arhuner-Lucke

expansion and divergence maximization.
Group B

Image representation, digitization, quantization,
compression and coding

Transform forimage processing, restoration, enhancement,
segmentation, thinning

Description of lineand shape, datistica and syntactic modes
of imagedassificdion.

Morphologicd methods of image andysis.
Recommended Books

RO Dudaand P E Hart. Pattern Classification and Scene
Anaysis. bhn Wiley & Sons, New York.

JT Tou and RC Gonzaes Patern Recognition Principles
Addison-Wesley Publishing Co., New York.

A Rosenfield and A CK &. Digitd Ficture Processing: Vol |
& 11. Academic Press

Ikvinderpal Singh. Digitd |mage Processing

Khanna Publishing Co., New Delhi.

% THEORY OF COMPUTATION

(&)

Group A
Regular setsand regular expression, deterministicand non-
deterministic and finite automata, equivdent finiteautomation
of both. Minimization of states for deterministic finite
automaa

Chomsky hierarchy of granmars, equivaent contextfree
grammars.

Chomsky norma form, recursiveness of contextsensitive
grammar, syntax-directed trandations.

Pushdown automata, pumping lemma for context-free
languages, automaafor syntax-directed trandations.

Group B

Turingmachinesand its variants, universa turing machines
recursivefunctionsand sets Equivaenceof recursivefunctions
and computablefunctions.

Complexity theory. Space complexity, time complexity,
smulationof RAM by TM and itscomplexity, N P-completeness
concepts and somestandard NPoomplete problems.
Recommended Books

JE Hoperoft and JD Uliman. Introduction to Automata
Theory, Languages and Computation. Addison-Wedey
Publishing Co., New York.

R B Patel. Theory of Computation. Khanna Books
Publishing, New Delhi.
J G Borrokshear. Theory of Computation, Formal

Languages, Automata and Complexity. Addison-Wedey
Publishing Co., New York.

g OPERATING SYSTEMS
(See page 34, subject CP 413)

g COMPUTER GRAPHICS
(See page 36, subject CP 424)

SOFTWARE ENGINEERING

Group A
Software project planningand management: Basic concepts
of lifecydesmodels, milestone, cost models, suocessiveversons
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modd, project gructure, team structure Empirica and heurigtic
egtimaion techniques.

Requirement andysis. Spedfications dgebracaxioms, regular
expressions, decision tables, event tables, trangtion tables, FS
mechanism, petri nets.

Software design: Architectural and detaled design,
abstraction, information hiding, modularity, concurrency, eic
coupling and cohesion, data flow diagrams, structure charts,
pseudo code, stepwise refinement, top-down and bottom-up
programming

Test plan and implementation issues—structured coding,
recursion, documentation.

Group B

Modern programming language features: Typeless, strong
type and pseudo strong type checking, user defined datatypes,
dataencepsulation, genericfecilities, concurrency mechanism,
object oriented concepts.

Program verification and vaidation. Unit testing, integration
testing, acceptancetedting, formd verification.

Software maintenance: Source code metrics, Halstead’s effort

equation, cydomaticmetric.
Rdiability and softwarequdity assurance.
Softwarecost estimdion.

Recommended Books
R PMahapatra. Software Engineering
khannabooks.com.
N S Gill. Software Engineering, Khanna Book
Publishing Company, New Delhi
R&ib Mdl. Fundamentdsof SoftwareEnginesring Prentice-
Hdl of India(P) Ltd., New Ddhi.

lan Somerville Software Engineering Addison-Wesley
Publishing Co., New York.
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ELECTRICALENGINEERING

Discoveriesthat Accelerated the Life

Long ago, adark metdlic orehaving
directive properties was used by
navigatorsand cdled thelodestone. 1t was
andura magnet. Electrifiction of amber
by rubbing with wool or fur was first
discovered by Thaesof Miletiusasearly
asin 600BC.

In 1600, in course of experiments
with navigation and nautica ingtruments
W Gilbert (1540-1603) desired to explore
thebehaviour of stticelectridty. Eventhe
discovery of Benjamin Franklin in 1750
tha lightningwaselectrica in ndure
could not contributesignificantly towards
thegpplicaion of dectridity.

In 1800, W Nicholson and A Calide

disoovered dectrochemicd deposition and
Voltainvented thededric storage

cell. Invention of apracticd dectromagnet
wasannounced in 1827 by Joseph Henry.

Cutting Short the Distance

Developments by Samuel Morse in
dectricd communication and telegraph
resulted in mass production of dectrica
equipment. The principles of
dectromagneticinduction
enundated by Michad Faradayin 1831lad
the foundation stone of electrical
industry. I nvention of telephonein 1876
by Graham Bdll helped to further it. The
invention of the carbon filament lamp
by A N Lodygin in 1871 and its
devdopment by Thomas Edison in 1880
were other important milestones in
dectricd enginesring
The Easy-flow Power

The transformer invented by L
Gaulard and J D Gibba in 1883
revolutionised the system of power
transmission. N Tedain 1888 obtaned a
patent of the polyphase ac induction
motor which came to supply large
amount of power. Sprague developed a
motor for dectrictractionin 1887.

Developments in electrical
engineering, the invention of diode and

studies on the Edison Effect by Lee De
Forest opened the doors of a new
disciplinededronics.
Thel ndian Scene

Development of electricity was
initiged in Indiaasearly asin 1900 with
the commissioning of a hydroelectric
power station at Shivasamudram in
Kanataka. Coabased thermd plants
account for about 60% of electric
generation. TheEledtricity Supply Act of
1940 formsthebasis of theadminidrdive
structure for eectricity supply systemin
the country. Nuclear power generation
started in 1969 & Targoore. Possibilities
of tidd power a& Gulf of Cambay, Gulf
of Kutch, and theestuary of theHooghly
aebeing explored. Smilarly, exploratory
work on the use of geothermd energyis
being caried out in Pugge Valey and
Chumattangin Ladakh. Wind and other
energy sourcesaredso receivingincressing
atention for commerdid gpplicaion.

A Madan Pone Aant

Electrica engineeringdeds
primarily with electricity and
magnetism and isdevoted to the
utilization of theforcesof naure
and materids for the benefit of
mankind. It encompasses may
aspects of other engineering
science, mathematics and the
physical sciences. It includes
research, invention, development,
design gpplication and education.
Harnessing the vast sources of
energy and transformingthem to
the most convenient form, tha
is, dectricd for the overal benefit
of thesodety for sustenanceisthe
primeobjective.

Electricd engnesrslend ther
expertise to other engineering
fieldsaswell. Thereishardly afidd
of technology to which electricd
engineering has not made a
contribution.
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ELECTRICALENGINEERING

o
g ENGINEERING MANAGEMENT
(See page 13, subject | C 402)
(]
f POWER SYSTEMS
L
Group A

Generation of electrical power: Conventional and
nonconventiona methods Typicd layout of thermd and hydro

power stations—main and auxiliary equipment.

Load management: Base and pesk loads Load curves
Definitions of load factor, diversity factor, demand factor.
Capecity planning Load forecasting Capita and running costs
for different types of plants. Different electricity tariffs—iflat
rate, two part end TOD tariff.

Generdor exdtation systems Speed and excitaion control
of generaors. Load sharing of generaorsin asystem.

Sability of power system: Definitions of transient and
steady dtae gtability. Swing equation and its solution by step-
by-step method. Equd areacriterion for transient stability.

Group B

Transmission of electrical power: Overhead and
underground transmission line configurations. Materids for
transmission line conductors and insulators. Power station and
sub-gtation switchyard and layouts. ACSR conductors, bundled
conductors. Overhead linepoles, towersand crossams. Sngle
and doublecircuit lines. Untrangposed and transposed 3-phase
transmission lines. Overhead linesag cdculdion. Effect of wind
pressure and ice loading on transmission lines.

Transmission line parameters. Resistance, inductance and
cepaditancecdceulaions Skin and proximity effects. Coronaand
radio interference of EHV lines. Voltage distribution in
suspensioninsulators Sring efficiency. Different typesof cables
Capacitenceof cables | ntersheath grading.

Performanceof short tranamissionlines: Lineloss, efidency
and regulation of line. Zero regulation condition of power
transmission.

Performance of medium transmission lines; Nomind T
and » representation. Regulation and efficiency of mediumlines.

Performance of longtransmission lines: Equivaent T and
A representations. Propagation constant and chracteristic
impedance of along line. Ferranti effect. Surge impedance
loading. Infiniteline. Wavelength of line. Determination of A,
B, C, D constantsof transmissionlines

Tranamission linecharts: Power factor and power angleof a
transmission line. Power angle diagram of an interconnector.
Useof shunt and series capacitor in atransmission line.
Recommended Books

| JNagrath and D P Kothari. Modern Power System
Andysis TataMcGraw Hill Publishing Co. Ltd, New Delhi.

B R Gupta Power System Andysisand Design. S Chend &
Co.Ltd.,New Dehi.

A Ambikapathy. Power System Andysis,

Khanna Publishing Co. (P) Ltd., New

Ddhi

§ CIRCUIT AND FIELD THEORY

o |
L

Group A
Cirauit Theory

Graph of a network. Concept of treg, loop current and
node pair voltage. Tie set and tie set matrices—cut set and cut
set matrices. Solution of equilibrium equations on loop and
node basis. Application of Laplace transforms for solving
transient equaions of dectricd circuits. Initid and find vaue
theorems Unit step, impulse and ramp inputs. Laplace
transform for shifted and singular functions. Theconvolution
integra. Fourier series and its gpplications. Exponentia form
of the Fourier series. Relation between frequency spedraand
Laplacetransform of the Fourier series. Theconoept of complex
frequency, transformimpedanceand admittanoe seriesand pardld
combinations.

Network theorems: Thevenin, Norton, Reciprocity,
Superpesition and Teegen. Termindsand ports Driving point
and trensfer impedances. Splanerepresentation: Polesand zeros
Time doman behaviour from pole and zero plots. Procedure
for finding network functions for generd two-port network.
Radian frequency and sinusoidd network functionsintermsof
poles and zeros. Resonance, Q-factor and bandwidth.
Asymptotic change of magnitude with frequency in terms of
polesand zeros Thesymmetricd latice

Group B
Fidd Theory
Vedtorsand vector cdculus Gradient, divergenceand curl of
avector. Gauss, Sokesand Hdmholtz theorems.
Eledtrostaics: Potentid and dlectricfidd intengty. Conducting

boundaries, Coaxial spheres and cylinders. Laplace’s and

Poisson’s equations. Electrostatic energy. Uniqueness theorem.

Method of images; dipoles. Didectric polarisation, electricflux
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density, permittivity. Boundary conditions Saionary currents
Ohm’s law; E.M.E conservation of charge. Resistance of arbitrary
sheped conductors. Boundary conditions and refraction of

current flow lines. Numerical solutions of Laplace’s equation by
the method of iterations.

Magneostaics: Magnetic field intendty and flux density.
Vector potential. Magnetic dipole. Divergence of B Ampere’s
law of force. Ampere’s circuital law. Differential equation for
vector potential. Magnetic polarisaion and permesbility.
Boundary conditionsfor B and H.

Time varying fields: Faraday’s law: Dynamically and statically
induced E.M.I%. Inductance and stored energy. Hysteresis loss,
Maxwell’s equations. Displacement current. Deviation of
generalised wave equations from Maxwell’s equations for the
magnetic vector potentid. Spedidization to Eddy current or
diffusion equations and non-dissipative wave equations.

Planewave propagdion and eddy current phenomenon as
solutions of the above rdevant equations. Reflection and
refraction of plane waves at the plane boundary of
eectromagneticmedia
Recommended Books

M E Van Vakenburg. Network Andysis Prentice Hdl of
IndiaPvt. Ltd., New Delhi.

WH Hayt. Engineering Electromagnetics TaaMcGraw Hill
Publishing Co. Ltd., New Delhi.

Ashfaq Husain. Network and Systems.
[Khanna Books, Ddhi.

ELECTRICAL MACHINES

EL 405

Group A
D.C. machines: Pardld operationsof D.C. generators Speed
control of D.C. motors Testing of D.C. motors

Tranformers Congtruction of 3-phasetrandformers Vector
groupings. Connections of 3-phasetransformers-

Sar, ddta zig-zag, Scott and Vee connections Grounding
transformers. On load tap changing arrangement of
traendformers.

Synchronous machines: Regulation of synchronous
generaors. Sdient pole synchronous machines. Direct and
quadrature axis reactances. Synchronisation of 3-phase
generaors.

Sartingof synchronousmotors. V-curvesfor synchronous
motars. Synchronous condensers. Load and torque anges of
synchronous machines.

Group B
Three-phaseinduction motors: Torque-dip characteristics

Sarting maximum and pull out torques. Circle diagram of
induction motors. Sartersfor induction motor. Speed control
of induction motor. Testing of induction motor.

Single-phase A.C. motors: Working principle and
performanceof split phase shaded pole and capacitor motors.
Series motor, repulsion motor.

Servo motors: D.C.and A.C.
Recommended Books
P S Bimbhra. Electricd Machines. Khannabooks.com.

.. MG Sy Performanceand Design of A. C. Machines ELBS
edition. Sir | saac Fitman and Sons.

% MEASUREMENTSAND CONTROL

L

Group A
Measurements

Units and standards. Measurement of dectricd quantities
suich asvoltage, current and power and power factor & various
frequendies.

High and low value resistance measurement. A.C.
potentiometer. A.C. bridges: Owen, Anderson and Schering
Magnetic measurements: Flux, permesbility and B H loop.

High voltage measurements: D.C, A.C. and impulse.
Fregquency and timeinterva measurement.

Group B
Cantral
Open loop and closed loop control systems. Concept of
linear and nonlinear systems Transfer functions and block
diagrams. Signd flow graph.
Sdevariables Sateequations. Marix representdion of sde

equaions. Reldionship between state equations and transfer
functions.

Time response: Transient analysis of feedback systems—
First and second order systems. Steady stde error and error
coeffidents.

Frequency response: Polar plots, Bodeplots, logarithmicvs.
phaseplots.

Stability: Concept and determination of absolute stability:
Routh’s criterion. Nyquist criterion. Relative stability.
Determination of gain and phase margin from Nyquist and
Bodeplots.

Root locus: Definitions. Construction of root loci. Root
contours, Splaneandysis of systems.

Control sygem components D.C. and A.C. tachogenerators
synchros D.C. and A.C. preamplifiers. Servo potentiometers
and gyroscopes.
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Recommended Books

E W Goldingand F CWiddis. Electricd Messurementsand
Megsuring | nstruments S Chand & Co. Ltd., New Delhi.

A Ambikapathy . Electrical Machines & Autometic Control
Systems. Khanna Publishing Pvt. Ltd, New Delhi.

g DESIGN OF ELECTRICAL
. SYSTEMS

Group A

Design of load boxes and rheostats.

DC machine design: Main dimensions, output equation,
choice of number of poles, choice of type of winding, design
of commutator and brush geer, design of field poles and field
windings.

Armature windings: Basic principles and dassification of
amaurewindings, sngelayer and doublelayer windings, smple
and multiple windings. Different types of AC windings,
commutaor windings, ACwindingfactors. Armaurereaction
in AC machines, causes and dimindion of hamonies. Skin
effect and eddy current lossesin armature conductors. Design
of different types of motor starters, fidd regulators.

Group B
Transformer design: Single-phase and three—phase—main
dimensions, core and winding design, magnetizing current,
losses, reactanceof windings, tank design.

Induction motor design: Three-phase—main dimensions.
Sator and rotor windings. Cdculaion of no load and pull out
currents Torque and speed cdculations

Distribution design: Fixing location of distribution
trensformer. Plotting of load curves and determination of
maximum demand. Design of distributorsand feeders. Design
of domesticwiring
Recommended Books
.. A K Sawhney. Electricd Machine Design. Dhanpa Ra &
Sons, Déhi.

M G Say. Performance & Design of A C Machines ELBS
edition. Sr Isaac Pitmen & SonsLtd.

AH Cotton. Electrica Transmission and Distribution. ELBS
edition. Sr Isaac Pitman & SonsLtd.

ENERGY SYSTEMS

EL 411

Group A
Sources of conventional energy. Fossil fuels—solid fossil
fuel—coal and lignite, formation, physical properties and
chemical properties. Combustion equations. Coal analyses—

proximate and ultimate, determination of air/ fuel ratio for coal—

fired bailers.

Liquid and gaseousfossil fuds: Petroleum and natura gas.
Physicd and chemicd properties. Combustion equations.
Manufactured and byproduct gasescomposition, heeting value,
use. Air/ fue ratio for liquid and gaseousfud boilers.

Cogeneration and combined cyde generdion. Fluidised bed
combustion. N udeer fisson reactions: Fud isotopeenergy relesse
infission. Fertileisotopes

Converter and breeder reactors. Nuclear tusion—tusion
reections. Energy relessein fusion. Advantagesand disadvantages
of nuclear fusion.

Hydro energy: Run of theriver and pumped storagesystems.
Energy and power equations Avalable waer head. Impulse
andreaction typehydro turbines.

Environmenta effectsof conventiona energy conversion.
Energy conservation and energy audit.

Group B

Different forms of non-conventiona energy sources: Solar,
wind, geothermd, ococean, biogas, elc.

Two types of non-conventional energy conversion
processes. a) Direct conversion to eectrica energy, viz,
photovoltac, fue cells, etc.; b) Primary conversion to non-
electricd energy viz sola-thermd, wind-turbing oocean-thermd,
tidd, etc.

Sola: Terrestrid solar radiation, solar-therma conversion,
techniques of collection, storage and utilization, typesof solar
collectors, sdedtive surfaces thermd processes, power generdtion,
dc

Photodectric effect, solar cdls, crystdline and amorphous
semiconductors as solar cdl materias, equivaent circuit and
efficdency condderations.

Wind: Principles of wind power, wind-turbine operétion,
gatecharacterigics, smdl machines largemachines.

Geothermd and ocean: Origin and types of geothermd
energy, vapour dominded systems, liquid dominaed systems
flashed-steam type.

Ocean temperduredifferences open cyde dasad oydle, ocean-
waves, energy and power from wave, tides, simplesingle pool
tidd system.

Biogas: Biogas conversion mechaniams, source of weste,
simpledigester, composition and cdorific vdueof biogas.

Chemicd: Principles of dectrochemicd cdl operation, fuel
cells, different componentsof fud cdlls, hydrogen-oxygen fue
cells, hydro-carbon fuel cells, araday’s law of electrolysis and
thermodynamicsof dectrochemicd energy conversion, ided c2ll
voltage, ided cell effidency, practica limitations

Comparative study of conventiond and nonconventiond
energy conversion as regards efficiency, economics and
environmentd effects.

Recommended Books

.. OP Gupta. Energy Technology. KhannaBook
Publishing, Delhi.
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M M EI-Wekil. Power Plant Technology. McGraw Hill
Internationa Sudents Edition.

..M Ali Kettani. Direct Energy Conversions. Addison Wesley
Publishing Co., New York.

POWERELECTRONICS

EL 412

Group A
Devices

Power diodes, unocontrolled rectification and power loss
duringtransients Bipola junction transistor. Power MOSFET,
IGBT, GTO and LASCR, UJT, UJT osdillaor, its design and
frequency stability.

Driver dircuit, pulsetransformer and opto coupler. Thyristor,
2-transistor andogy, triggering circuits, dv/ dt and di/ dt
protections, snubber circuit and itsdesign.

Coolingand head sinks. Naturd and forced commutations.
DC choppers, step-down and step-up operations, thyristor
choppersand switching moderegulators.

Group B
Applications

B1-2, M-2, B-6 and M-6 haf/ full controlled circuitswith R
and R-L loads. Principle of phase control, circuits for control
and UPS 1-.. and 3-.... cydoconverter and harmonic reduction.

Inverters; Seriesinverter, domesticinverter, PAM inverter,
auxiliary commutated thyristor inverters, complementary

commutaed thyristor inverters currentsourceinverters, 12-pulse
convertersand hvdclink.

D.C. drives: one-phase semiconverter/ full-converter drives
3-phasesemiconverter/ full/ dud-converter drives, 2/ 4-quadrant
chopper drives.

Induction motor drives, V/f control and dosed-loop
control.

Recommended Books

Muhammad H Rashid. Power Electronics. PrenticeHdl of
India(P) Ltd., New Ddhi.

CW Lander. Power Electronics MoGraw-Hill Interndiond.

G K Dubey. Power Electronics New Agel nternaiona (P)
Ltd., New Ddhi.

HIGH VOLTAGE ENGINEERING
AND POWER APPARATUS

EL 413

Group A
Breskdown phenomena Breskdown of geseous medium,
mechanism of charge multiplication, secondary emission,
Townsend theory, Sreamer theory, Paschens|aw, corona effect
of polarity of voltageon coronaand breskdown process.

Breakdown of solid: Intrinsic breakdown, thermal
breskdown, dectro-mechanicd breskdown, streamer breakdown.

Breakdown of liquid: Breskdown of commercid liquid,
cavitdion theory, bubbletheory, suspended particletheory.

Insulating materids. Properties of traditiond insulating
materids, §F6, vacuum, ar, insulaing oils, ceramics, epoxy resing
PVC, PTFF, PMMC, fibreglass polyethylene,

[ nsulaion resistance. Tackingindex. Electricd and mechanicd
properties of insulators used in transmission line. Different
typesof lineinaulators Sringefficiency, bushings generd design
gpproach of bushing

Cables: Different types of cables. Paper insulded cables,
XLPE cables, gasfilled cables, technology and principles.
Generation of travelingwavesin transmission lines, reflection
and transmission congtants.

Power system grounding: Solid grounding, resistance
grounding, reactance grounding, grounding through earthing
transformer, resonant grounding.

Group B
Voltage surges: Lightning phenomena, lightning induced
overvoltage direct stroke, indirect stroke. Protection of power
stations and sub-gtations and transmission line againgt direct
strokes.

Protection of dectrica gpparaus against travelling waves.
Lightning arrestors—expulsion type, valve type, magnetic blow-

out type and metd oxidetype.

Insulation co-ordination: Determination of the line
insulation, basicimpulselevd and insuldion leve of substation
equipment. Selection of lightning arrester. Establishment of
impulse withstand level. Overvoltage due to switching.
Reduction of switchingovervoltage

Generdion of high voltage and current in high voltage
Ieboraory. Generation of high AC, DC and impulse voltage
Generdion of high impulse current, impulsegeneraor, testing
transformer, sourceresonent circuit.

Non-destrudtivetesting of maeridsand ectricd gpparaus.

Measurement of DC resistivity, measurement of dielectric
congtant and lossfactors, partia discharge measurement.

Preventive testing of insulation: High voltage teting of
insulators, bushings, cables and transformers. High voltage
testing of surgediverters.

Recommended Books

E Kuffel and Abdullah. High Voltage Engineering.
Pergamon Press(I nternationd edition).

PN Nadu and K Kamargu. High Voltage Engineering
TetaMcGraw-Hill PublishingCo. Ltd., New Ddhi.

M L Soni, et d. A Text-book on Power System Engineering
Dhanpa Ra and Sons, Delhi.
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POWER SYSTEM PERFORMAN CE

EL 44

Group A

An overview of modern power system: Layout of typica
power system—generating station, substation, transformer,
transmission ling, distribution, load. Symbols and circuit
representation of various components of the sysem. Snge
linediagram.

Per unit method of cdculation: Basequantitiesand per unit
vaues, modification of per unit vaues dueto change of basg,
equivaent drcuit of transformer on per unit basis, choice of
base quantities for power system andysis, advantages of per
unit methed of cdculaion, per unit impedance diagram of a
power system.

Symmetricd components: Transformation of voltage
current and impedance to symmetrica component system,
complex power in terms of transformed voltage and currents,
positive, negative and zero sequence impedances of different
power system components, equivdent circuits in terms of
symmetricd component quantities, advantage of symmetrica
component representation.

Fault studies: Symmetrica three-phasefault caeulation, fault
MVA and dircuit bresker capacity, current limiting reactor, their
placement and usefulness.

Unsymmetricd faults dassification, andysisof L-G, L-L and
L-L-G fault usingsymmetricd components, equivaent drcuit
for representaion of different kinds of faults, caculation of
fault current and post-fault voltages. Arcing ground, its
consequencesand remedy.

Load flow study: The basic load flow problem and its
importance classification of system bus bars, formulation of
load flow equations using bus admittance matrix, iterdive
solution of load flow equations by Gauss-Seidel method,
aocderdion for convergence

Economicload despach: Genaation cod, incrementd codt,
optimal loading of generators on a common bus bar,
transmission loss formula, incrementa trensmission loss,
generdion scheduling taking care of transmission loss.

Group B

High voltaged.c. tranamission: Historicd review, meritsand
limitations of d.c. transmission, kindsof d.c. links, congtitution
of d.c.links, termina equipment transformer, coverter, choke
and filter; gate control and operation of three-phase thyristor
bridgeasrectifier and inverter, reaionship between input and
output voltage and current in the bridge converter, activeand
reactive power; control of current and voltage in ad.c. link,
backto-back connection and itsusefulness.

Power system control: Automaicload frequency and voltage
control, speed governor, load sharing among synchronous
generators, exciter, brushlessexcitation system.

Power system stability: Transient power output of a
synchronous machine, ffect of voltageregulaor and governor
on enhancement of transient stability. The swingeguationsin
multi-machine system, numericd method of solution of swing
equaionsand assessment of transient stability.

Power system protection: Electromagnetic relays,
congtruction and operating prindple of atracted aamature,
induction disc and induction cup type rday, inverse time lag
relay, plug setting and time setting arrangement.

Overvoltage, overcurrent, earth fault and neutra
displacement protection. Primary and backup protection, co-
ordination of overcurrent relays in radid feeder protection,
directiona overcurrent relay, ring man and parale feeder
protection.

Distance protection for transmission lines, three zone
protection, tripping drcuit, impedance setting for earth fault
and phase fault typesrelays. Errorsin distance messurement,
arangfault, power swing, directiond, reactance, mho, ohm and
quadrilaterd charaderistics.

Differential protection schemes for generator and
transformer, other protectionsof generator and transformer.

Pilot wire relays for feeders and cables, carrier relays—blocking
and inter-tripping schemes, carrier equipment, carrier phase
comparison.

Recommended Books

.. | JNagath and D P Kothari. Modern Power System

Andysis TdaMcGraw Hill Publishing Co. Ltd., New Ddhi.
A R Van C Warrington. Protective Relaying—Vol.1.

Chapman and Hal, UK.

u

5 MICROPROCESSORS AND

- MICROCONTROLLERS

(See page 36, subject CP 425)

§ ADVAN CED ASPECTS OF

n ELECTRICAL MACHINES
Group A

Synchronous motor andysistakingamaureresistanceinto
account, vector diagrams, power circle and excitation circle—
diagrams. Performance cdculaions under various operating
conditions.

The equation of motion or ‘swing’ equation for
synchronous motors and generators. Solutions of linearized
swing equation, smdl oscilldions of synchronous machines.
Hunting of synchronous motors, dements of large osdillation
of synchronous machines, concept of trangient stability.

Sarting of synchronous motors with the help of damper

windings, George’s phenomenon. Brushless excitation of

. RULES& SYLLABI
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Synchronous-induction moter: Sip-ring induction motor
run assynchronousmotor. Different typesof motor exdtaion.
Sarting and running characterigtics-combined synchronous
motor and induction motor circle diagrams, performance
caculaion, design features.

Concept of negdivesequenceand zero sequencereactances
of synchronous machines.

Group B

Inverter operation of induction motors, space and time
harmonies and their effects on the performance of induction
motors.

Induction generators: Operation from bus-bars,
selfexcitation equivalent circuits and performance—its utlity in
wind power generation.

A.C. commutator machines: Genera construction.
Derivation of generdized expressons: (a) Transformer em.f.
and rotational e.m.f’s in phase windings; (b) Transformer and
rotational e.m.f’s in commutator windings, uncompensated
and compensated seriesmotor: vector diagrams, cirde diagram,
operdiond characteristicsand design fegtures

Variable rductance and fradiond and sub-fractiond h.p.
motors: Different types of reluctance and stepper motors,
permanent magnet motors, derivation of performance
equdions. Control schemesand performance
Recommended Books

P S Bimbhra. Electrica Machines. KhannaBook

Publishing, New Déhi.

A E Fitzgerdd, C Kingdey and S Ulmans. Electricd

Machinery. McGraw-Hill Internationd.

M G Say. Performanceof A CMachines ELBSEdition.

E O Taylor. The Performance and Design of A C

Commutator Motors. S Chand & Co. Ltd., New Delhi.

g POWER ELECTRONICS
w
(See page 44, subject EL 412)
8]
= ELECTRICAL DRIVES
w

Group A

Basic concepts. Dynamicsof dectricdrives.

Mechanical system—different speed/ torque characteristics
of different frictiond sysem, windagetorque N-T characterigtics
of different industrid systems, four quadrant operdion of drive
systems, dynamic conditions of adrive system, steady stateand
trangient stability of dectricd drive

Drivemotors: DC motor, three-phaseinduction motor and
synchronous motor characteristics require power losses,

temperature regtrictions, heating and cooling, different modes
of operdtion (continuous short timeintermittent duty/ periodic
intermittent duty), sdlection of motors.

Drive motor power supply: A generd survey of different
power supply systems for motor drive. Phase controlled line
commutated converters.

DCchoppers.

[nverters.

Cydo converters. AC voltage controllers.

Group B

Control of electric motors: DC drives—1® and 3<Pconverter

drives. Chopper drives, dosed loop control of DC motor.

AC drives: 3~ induction motor control, starter voltage
control/ rotor voltage control, voltage and frequency control,
curtent control, closed loop control of 3—& induction motor.

Jmahronous motor control: Voltageand frequency control,
closed loop control of synchronous motors.

Recommended Books

..V Subrahmanyam. Electric Drives—Concepts and
Applications TaaMcGraw-Hill Publishing Co.Ltd., NewDdhi.
.. Muhammad H Rashid. Power Electronics. Prentioe-Hall of
India(P) Ltd., New Ddhi.

.. NKDeandPK Sen. EledricDrives. Prentice-Hdl of India
(P) Ltd., New Delhi.

<
g ELECTRICAL POWER
T UTILISATION

Group A

Radigtion and vison: Physicsof light-wavetheory, quantum
theory, unified theory, photon generdion, visible wavelength
range, sandard observer curve, different forms of energy
converted to visibleradigtion, spectrd power digtribution curve

Quentities, units, standards and measurement: Luminous
energy, luminousflux, spectra radiant flux, solid angle, luminous
intensty, luminance, illuminance luminous efficacy.

Colour temperature, colour rendering index, reflectance,
diffuser, etc. Lambert’s cosine law, inverse square law and cosine
law of illumination. Polar curve, Rousseau’s diagram,
illuminance (flux) meter, bench photometer (intensity
measurement), integrating sphere (flux measurement).

Optica system of human eye.

Sources of light: Construction and dectricd circuits of
different sources of light, filament lamps, hdogen lamps,
discharge lamps—sodium and mercury high pressure discharge

lamps, tube and CFL lamps.
Lighting caculationsfor indoor and outdoor gpplications:
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Shop lighting, factory lighting, street lighting, flood lighting
Group B

Electric heding, welding and eectroplating: Induction
heating——principle of operation, scope of high frequency and
low frequency hedting, induction hesting, power supplies &
different frequendies.

Induction heating furnaces—coreless and core types.

Arc heating: AC arc heating—different arc electrodes, direct
andindirect arcfurnaceand their power supply systems, dectrode
regulaors, condition for maximum output, necessity of reactor
in arcfurnace, generd arcfumacetransformer congtruction, energy
baancein arcfurnaoe, advantagesof direct arcfurnaces.

DC acfurnace supply system, different bottom electrodes,
twin shell DC EAF (electrode arcfurnace) system, advantages
of DCacheding.

Didectric heating: Principleof operation, choiceof voltage
and frequency, ectrodeconfiguration.

Resiganceheding: Different resstancehedingmaeridsand
their properties, causesof falures.

Direct and indirect resistance heding furnace. Design of
resistance dements.

Electricwelding: Resistanceand arc welding and equipment
for suchwelding

Electrolysis: Applicaion of dectrolysis, electro deposition,
electroextraction, dectro refining

Recommended Books

. H Hewitt and A SVause Lamps and Lighting Edward
Arnold (Publishers), London.

.. G C Garg Utilisation of ElectricPower &
Flectric Traction. khannabooks.com, Déhi.

wn

g MICROPROCESSORS AND
& MICROCONTROLLERS
(See page 36, subject CP 425)

f CONTROL THEORY

w

Group A

Continuous-time systems: Performance spedifications in
time-doman and frequency doman. Correaion between time
domain and frequency doman specificaions.

Error coefficients. Design gpproaches. Frequency doman
vs Splanedesign. Typesof compensation. Controllability and
observability of control systems.

Cascade compensation: Lead, lag, and lag-lead compensdors.

Use of Bode diggram. Root locus, and Nyquist diagram for
compensator design. Feedbadk compensator design, use of
inverseNyquist diagram, minor loop feedback compensation.
PID controllers.

Linear state variable feedbadk. Pole placement using state
varisblefeedbadk.

Nonlinear systems: Types of common non-lineerities
Properties of non-linear systems Available techniques for
andysing non-linear systems. Linearising approximations.
D escribing function techniques. Detecting limit cryding and
ingtability. Phase plane methods.

Lyapunov’s stability ctiterion. Popov’s method for stability
andysis of non-linear systems.

Group B

Discrete-time systems: Introduction to discrete-time
systems.

Z-transforms, inverse Z-transforms and bi-linear
transformations.

Pulse transfer functions Tune response of sampled data
systems. Effect of sample hold and dead times.

Frequency response: Bode plots, polar plotsand gain (db)
vs. phase plots. Sability using Jury criterion, Routh-Hurwitz
criterion, Nyquist criterion, Bodeplot and root locus. D esign of
compensaors in Z-doman and Wdomain.

State spacerepresentation of discrete systemsand sampled-
daasystems. Deriving Z-transfer function mode from state
model of discretesystems. Solvingtimeinvariant staeequations
Saetrangtion matrix. Controllability and obsarvability of time-
invariant discrete systems.

Recommended Books

... | JNagrath and M Gopal. Control Systems Engineering.
New Age Internationd (P) Ltd., New Dehi.

M Gopd. Control Systems: Princdiples and Design. Taa
McGraw-Hill Publishing Co. Ltd., New Delhi.

A Ambikapathy. Control Engineering. Khanna
Books, New Ddhi.
.. BCKuo.Digitd Control Systems Hdt-Saunders| nternationd
edition, Jgpan.

o
? POWERELECTRONICS
w
(See page 44, subject EL 412)
(e}
r_"': PROCESSCONTROL SYSTEMS
11
Group A

Processcontrol principles, processcontrol blodk diagram, loop
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components—sensor and transmitter, controller, final control
element. Process transfer functions—process lag and dead time,
self-regulaing and non-self-regulaing processes.

Process instrumentation diagram: Symbols and
interconnections.

Process control sensors and transmitter, thermd sensors,
mechanical sensors, analog signal conditioning—intrumentation
amplifier, signd isolation, and filter.

Andog signd transmission systems.

Anaog process controller, P, PI, PD and PID modes of
operdion, controller-tuningmethods, on-off controllers, anti-
integrd windup, anti-derivative kick and controller saturation.
Veodity or incrementa controller. Design of anaog process
controller. Pneumatic process controllers— pneumatic amplifiers

andreays

Digital process controllers—theory. Digital controller in a
process control loop, andogto-digita and digita-toandog
converters. Redization of digitd controller.

Find control dements: Actuaors, positionersand control
vaves,

Recorders: Andog, digitd and dataloggers
Group B

Control loop characteristics. Controllability and stability—

root locus and Bode plot techniques.

Control schemes. Retio-control, cascade control, feedforward
control and multi-loop control. PID control.  Process |oop
tuning—process reaction method. Ziegler-Nichols method and
frequency responsemethods.

Characteristics of chemica processes. Heat exchangers,
digtillation columns, chemica reactors, pH and blending
processes, delaytimeanditseffedt. Flow control, pressurecontrol,
level control, and temperature control. Boiler control—feed water
contrel, drum-level control, combustion control and 3-point
control.

Computer control of processes. Direct digitd control and
supervisory control. Adaptivecontrol systems

Recommended Books

C Jbhnson. Process Control [ nstrumentation Technology.
Prentice-Hall of India(P) Ltd., New Délhi.

D Patranabis Principlesof ProcessControl. T&#aMcGraw-
Hill Publishing Co. Ltd., New Delhi.

PHarriett. Process Control. TaaMoGraw-Hill Publishing
Co. Ltd., New Ddhi.

% INSTRUMENTATION SYSTEMS

w

Group A

I nstrument performance charadterigtics and specifications:
Satic and dynamic, andog and digitd instruments. Errorsin
measurements—error, correction, precision, accuracy, statistical
andysis of erors, mean, median, mode, standard deviation.
Confidenceintervds

Cahode Ray Osdilloscope (CRO), use of CRO in voltage
measurementsand waveform display.

Measurements of kVAh and kVARh in three-phase load,
trivector meter, summation metering, summation current
transformer.

Use of IVD in impedance comparison, low resistance
comparison by using IVD.

Study of bridge baance convergenceand bridge sensitivity
infour-amac. bridges, quad bridgefor comparison of resgtance
with slandard cdaulable capaditor.

Group B

A/ D and D/ A converters, digita voltmeters and
multimeters, use of flip-flop circuits in up-down counters,
digita displays.

Electricd transducers, linear variabledifferentid transformers
(LVDT), strain gauge, fluid flow and pressure messurements,
temperaturetransducer, light and radiation transducer.

Introduction to instrumentation amplifier, CMRR and active
filter, sample and hold circuit, data transmission in digitd
ingtrument systems and PC, |EEE-488 bus, introduction to
long distance daatransmission (modems).

Recommended Books

E Frank. Electrica Measurement Andysis. McGraw-Hill

[ nternationd.

A P Malvino and D Leach. Digita Principles and

Applications TaaMcGraw-Hill Publishing Co. Ltd., New

Ddhi.

D Patranabis Principlesof Industrid Indrumentdion. Tda

McGraw-Hill Publishing Co. Ltd., New Delhi.

A D Héfrick and W D Cooper. Modern Electronic

| nstrumentation and Messurement Techniques PrenticeHdl

of India(P) Ltd., New Déelhi.

8 MICROPROCESSORS AND
s MICROCONTROLLERS
(See page 36, subject CP 425)
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ELECTRONICS AND COMMUNICATION ENGINEERING

T he Revolution of the 21st Century

Electronics and communication
engineeringisthebranch of sdenceand
technology rdaingto theflow and control
of decfricitythrough semiconducting and
other materids or through vacuum.
Electronics is concerned with the study
and applications of the motions of
chargecarriers(eledtrons, holesand ions)
under theinfluence of externdly gpplied
voltage or current, or in reldion to the
incidenceor production of radiant energy.
While éectronics is properly a part of
dectricd engineering, the latter term is
often reserved for gpplicdionsinvolving
power generation, distribution and use
a low frequencies, for example, in utility
syslemsand industry. Snoethe 1960 the
dominant segment of dectronics has
been known assolidstate, which involves
transistors and other semiconductor
devicesand assemblies

Barrier Breaking Communique

Communication engineering started
gaining momentum after the wide
applicaion of tdegraph system, invented
by Samud Morse in 1832, repladng the
semaphore communicdion. Telephone,
invented in 1876 by Graham Bell, created
asensation. Electronic devices, however,
resulted from a by-product of Thomas
Fdisons research on the incandescent
lamp. Hediscovered in 1883 tha awedk
eglectric current would flow acrossapartid
vacuum between aheded filament and a
metallic electrode. Involvement of J J
Thomson, Rutherford and Sr Ambrose
Fleming in devdopment of tdegrgph and
illumination gave rich dividends.
Fleming’s two-electrode valve in 1904,
followed by invention of triode by Lee
De Forest in 1906, lad the foundation
stone of anew branch with new hopes.

Around thesametime, that is, by the
lateNineteenth Century, Maxwell lad the
theoretical foundation of
gectromagnetics. Thesignificance of his
work wasredised through thepioneering
work on wireless communication by the

likesof Sr JC Bose, Herz and Marconi,
the invention of transistor by John
Barteen, Welner Brattain and William
Shockley of Bell Laboratoriesin 1948and
subsequent improvements. Devdopment

Electronicsand Communication
Engineering is the study and
application of dectron, holeand ion
motion, including the means of
producingthem, thelawsgoverning
them and means for controlling
them for useful application in the
scientific, industrial  and
communicaion purposes. This is
oneof the branches of engineering
which embraces a broad field of
scientific and industria effort
without clear boundaries. The
aoplication is concerned with the
design, manufacture, management
and gpplication of dedtron tubesand
solid state components in various
devices like radio, television,

of integrated circuit revolutionised the
application of dectronic componentsin
termsof improvinglifeand reigbility, but
reducing thesize, weight and cost.

I ndian Scenario

In India, the first telegraph line
between Calcuttaand Diamond Harbour
wasopened for trafficasearly asin 1851.
Thetdephonesarvicewasdso introduced
in Cdeuttain 1881-82 barely six years dter
the invention of the telephone.

Broadcasting started in 1937. Television
servicemadeits beginning at New Ddhi
on September 15, 1959. Satellite
communication dso isbeingutilised snce
1965.

India has a strong R & D hase in
electronics through the various
laboratories under the Department of
Spaoe theDepartment of AtomicEnergy,
the Ministry of Defence, the Ministry of
Communication and other user
Ministries, as also the academic
institutions of nationa importance.
Besides these, a number of production
agencies have strong inhouse R & D
groups.

A number of special manpower
development progranmesfor thegrowth
of electronics have been initiated and
speddised courses have been designed
which arebeingimplemented through the
UGC. Centres for Electronic Design
Technology (CEDT) havebeenimparting
training to engineers in latest design
techniquesin electronics.

In 1970, the Government had set up
aseparate Department of Electronicsto
guide thegrowth of thisvitd industry in
a balanced manner. Electronics
Commission, constituted in February
1971, formuldes policiesin the fidd for
achieving an integrated and sdif-reliant
basein thecountry,

Some of the leading organisations
engaged in the field of Electronics &
telecommunication engineering are:
Electronics & Technology D evelopment
Corporation; Semiconductor Complex
Ltd; Centre for Development of
Tdematics, Electronics Corporation of
IndiaLtd; Centrd EledronicsEnginesring
Research Institute; Central Scientific
Instruments Organisation; Indian
Telephone | ndustries;
Telecommunication Research Centre, etc.
Besides these, anumber of state-owned
Electronics Development Corpordions
aeactively involved in frontier areas of
electronics and telecommunication
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ELECTRONICS AND COMMUNICATION ENGINEERING

ENGINEERING MANAGEMENT

IC 402

(See page 13, subject 1 C 402)

403

COMMUNICATION ENGINEERING

EC

Group A

Fidd theory: Fidds, vector cdeulus, gradient, divergenoe, curl,
Gauss’s laws. Stoke’s theorem, Helmholtz theorem. Electric field
intensity and potentid, conducting boundaries, coaxid cylinders,
Poisson’s equations and Laplace equation. Ampere’s circuital
law, differentia equation for vector potentia. Magnetic
polarization and fied intensity, boundary conditionsfor B and
H. F'araday’s law. Time varying fields, displacement current.
Maxwell’s equations in differentdal and integral forms.

Communication preliminaries. Sgnd representation in
frequency and time domain. Fourier transforms, power
spectrum, energy density spectrum. Direct delta function.
Orthogonal representatives of signals (Gram Schmidt
procedure), autocorreldion, sampling theressare (Nyquist
criterion). Random signd theory. Discrete probability theory,
continuous random variables, probability density functions,
ergodic processes, correlation function, specird density, white
noise.

N oise: Atmospheric, thermd, shot and partition noise, noise
figure and experimentd determination of noise figure,
minimum noise figures in networks.

Anaog communication. Modulation theory and circuits.
Amplitudemoduldion, AM-DSB, AM-D SB/ SC, AM-S3B and
their comparison. Modulatingand detector circuitsfor AM, FM
and phase moduldion. Automatic frequency control. Pulse
modulation. PAM, PDM, PPM, PCM, delta modulation and
circuits. Principle of multiplexingFDM and TDM.

Group B

Transmission through network: Networks with random
input, auto-correations, specia density and probability density
input-output relationships, envelope of sine wave plus
Gaussian noise, optimum systems and nonlinear systems.
Maximum signd to noiserdio criterion. Minimum mean square
error criterig equivaent noise bandwidth. SNR in envelope
detectors and PCM systems. Comparison of modulaion
systems.

Digitd communicdion: Basicinformation theory: Definition
of information, entropy, uncertainty and information, rate of
communication, redundancy, relation between systems capecity
and information content of messages, discrete systems, discrete
noisy channd, channd coding

Introduction to digital communication, quantization, PCM,
log-PCM, DM, DPCM, AD, PCM and LPC for speech signds
TDM. Baseband transmission, optimum detection, matched
filter, optimum termind filters. | pulseshapesfor controlled
IS, linecodes; digitd RF modulation. Modems, performance
of digitd modulation systems Syncdhronization. Timing recovery.
Recommended Books

J D Krans and D Fleisch. Electromagnetics with

Applications McGraw-Hill Internationa, Tokyo.

B A Carlson. An Introduction to Signds and Noise in

Electricd Communicaion. McGraw-Hill |nternationd,

Tokyo.

G Kennedy. Electronic Communication Systems Prentice-

Hdl of India (P) Ltd., New Ddhi.

M Schwartz. Information Transmission, Modulation and

Noise McGraw-Hill Internationa, New York.

§ CIRCUIT THEORY AND
& CONTROL
Group A

Graph of a network. Concept of tree, concepts of loop
current and nodepar voltage, dreouits cut-set and cut-set marices,
formulation of equilibrium equations of the loop and node
basis. Mesh and nodd andysis.

Laplace transform. Transient response using Laplace
transform. I nitid and fina vaue theorems Unit step, impulse,
ramp functions. Laplace transform for shifted and singular
functions.

The convolution integral, Fourier series, complex
exponentid form of the Fourier series Thefrequency spedracf
periodicwaveformsand their rddionship to Laplacetrandorm.

Theconcept of complex frequency, transform impedance
and admittance; series and pardlel combinations. Frequency
response, coupled circuits

Terminds and termind pairs driving point impedance,
transfer functions, poles and zeros, restrictions on pole and
zerolocationsin s-plane Andysisof 1-port and 2-port networks.
Time domain behaviour from pole and zero plot, sinusoidd
network fundionsin terms of poles and zeros. Resonance, Q
and bandwidth of acircuit.

Introduction to synthesis of passive networks:
Butterworths, Chebyshev and Bessd typelow pass, high pass,
band passand band rgjection filters.

Group B

Introduction: Basic concepts and symbols, open loop and
closad loop systems, effectsof feedback. Conceptsof linear and
nonlinear systems. Definition of transfer function. Block
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Servo components Mathemaica modellingand simulation
of dynamic systems. Synchros, potentiometers, gyros.d.c. and
ac. servomotors. d.c. and ac. tachogeneraiors. Power and
preamplifiers. Modulaors and demedulaors. Position and
speed control systems.

Time response: Typicd test input signds. Time domain
performanceof first and second order systemsto impulse, sten,
ramp and sinusoida inputs. Definition of error coefficients
and steady daeeror.

Sahility: Routh-Hurwitz criteria

Frequency response: Frequency domain specifictions. Bode
plots. Polar plots.

Regulators and controllers. Proportiond, Pl and PID
controllers.

Recommended Books

M E Van Vdkenburg Network Andyds Wiley I nternationd,

New York.

Ashfaq Hussain. Network and Systems. [Khanna Books

Publishing, New Delhi.

K Ogda Modern Control Engineering Prentice-Hal of

India(P) Ltd., New Ddhi.

B CKuo. Autométic Control Systems Prentice-Hdl of India

(P)Ltd., New Delhi.

§ MICROPROCESSORS AND
2 MICROCONTROLLERS
(See page 36, subject CP 425)
E ELECTRONICCIRCUITS
w

Group A

Blasting techniques of BJT and FETs; Bias stability; Sdif-
bias, hybrid || modd of BJT and high frequency response.

Single stage amplifiers—bipolar amplifiers, CE, CB, CC
configurdions, characteristics, gain, h-parameters, andysisusing
h-parameters. FET amplifiers.

Multistage amplifiers—classification, distortion, frequency
response, step response, RC-coupled amplifiers, transformer
coupled amplifiers.

Feedback amplitiers—concept, gain with feedback, negative
teedback—example of Boot strapped CE amplifier, advantages
and limitations, input and output impedance voltage-series,
voltage-shunt, current-series current-shunt feadbadk amplifiers

Stability and oscillators—condition of oscillation, sinusoidal
oscillator, phase shift osdillaor, resonant circuit oscillaor, Wein
bridgeosdillator, crystd oscillator, dability of frequency.

Operational amplifiers—differential amplifiers, transfer
charecterigtics, | C op-amp functions, frequency response, step
response; introduction to anadog computer.

Power amplifiers—class A, B, AB, C amplifiers, distortion,
efficiency, push-pull principle, power supply—half wave, full
wave, ripplefactors, filters, regulation.

Group B

Introduction, binary numbers, binary codes.

Boolean algebra—functions and expressions, gates—OR,
AND, NOT, NOR, NAND, De Morgan’s theorem, laws and
theorems.

Minimization of logical functions—IKarnaugh map.

Arithmetic circuits—Ex-OR gate, half adder, full adder,
subtraction, code conversion, €c.

Basic gate structures—RTL, DTL, TIL, ECL, MOS, CMOS.

Flip-flops—RS, T, RST, D, JK, Schmidt trigger, astable,
monostable.

Counter techniques—Ripple counter, parallel counter, BCD
counter, synchronous counter, ring counter.

Shift registers memory.

D/ Aand A/ D converters
Recommended Books
.. JMillmen and C C Hakias Integrated Electronics Taa
McGraw-Hill Publishing Co. Ltd., New Delhi.

.. JMillmen and CCHdkias. Electronic Devicesand Circuits.
TetaMcGraw-Hill Publishing Co. Ltd., New Delhi.

AK Maini. Hlectronics Simplified All-In-One
www.khannabooks.com. Khanna Books, New Ddhi.

.. John D Ryder. Electronic Fundamentalsand Applications.
Prentice-Hal of India(P) Ltd., New Dehi.

F DESIGN OF ELECTRONIC
2 DEVICESAND CIRCUITS

Group A

I ntroduction to lineer 1 Cs. Operationd amplifiersand their
basic applications; audio/ radio/ video |Cs and their
specificdions

Power supplies. Rectifiers, filtersand dectronic stabilization
drcuits, condderdionsregardingripple regulation and efficiency,
short dravit protetion; polyphaseredifiers dectronicoonverters
gpplicationsin industry. Introduction to UPS

| Cvoltageregulaors. Postiveand negaive voltageregulaors,
adjusteblevoltageregulaors, high current short circuit protected
regulaors, dud tracking regulaions programmeble supply,
current regulators, switchingregulators, fold badk current limited
and shutdown cirauits.

Amplifiers: Inverting amplifiers, non-inverting amplifiers,
differentid amplifiers, integrator and differentiator, logarithmic
amplifiersand multipliers filters, voltageto frequency converters,
sample and hold circuit, high input impedance amplifiers,
ingrumentation amplifiers, ssnsing amplifiersand comparators,

zero crossing detector.
|EI EXAMINATIONS | “




Group B

Osdillators. Expression for oscillation frequency and
conditionsfor maintenanceof osdlldions, snewaveosdllaors,
multivibrators, function generaors, voltagecontrolled osallgors
crydd odillators.

Communication circuits. RF and |F amplifiers, video
amplifiers, AM detectors, balanced modulators and
demodulators, phaselocked loop, FM demodulation, frequency
shift keying, frequency multiplication.

Digita systems. Frequency counters, A/D and D/ A
converters, digitd voltmeters, programmabledigitd generaors,
frequency synthesizer. Design of ALUL
Recommended Books

B SSonde Introduction to System Design using I ntegrated
Circuits. New AgeInternationd (P) Ltd., New Ddhi.
Rishabh Anand. Linear Integrated Circuits Khanna Books
Publishing Co., New Delhi.

BROADCAST AND TELEVISION
ENGINEERING

EC 411

Group A

Microphones, loudspeakers, recording and reproduction of
sound—disc, tape, film recording, playback system. High fidelity
equipment for reproduction of sound. Loudspegker enclosures
and baffles. Sereophonic sound system.

Sudios and auditorium: Theory of reverberation, its
limitation, meesurement and adjustment. Acoustic maerids,
design considerdions of broadcasting studiosand auditorium.

Broadcast transmitters—master oscillators, frequency
multiplier, high and low level moduldion system. ClassA, AB,
and C power amplifiers, feeder lines.

Block diagram and principles of amplitudemodulated and
frequency modulaed transmitters. Studio equipment and
control room apparatus. OB equipment and receiving centre’s
fadlities

Superhetrodyne receiver, communication receiver.
Intermediaefrequency,imagefrequency. Recaiver characterigtics
and messurement. D esign considerationsof moadern broadcast
transmitters and receivers Transmitting and receiving antennas
FM tranamittersand receivers.

Group B
Television system and standards—IFCC and CCIR-B
standards and their comparison.
Theory of scanning—progressive scanning, interlaced

scanning. Video bandwidth.

Composite video signal—Hoz. Sync, hoz. blanking,

equdizing pulses, serrations, block diagram of sync. generator.

Television pick-up tubes and cameras—svidicon, plumbicon,
saticon, etc., CCD imagesensors, picturetube, output coupling
arauit.

Televison broadcast studio facilities, block diagram of
televison tranamitter. Digitd televison.

Design consideraionsof transmitter and receiver. Feeder
line, Baun, diplexer, vestigid side band filters Transmitter-
recaver reldionship, RA and TA system. Transmitting and
receiving antennas

Block diagram of intercarrier type tdevision receaiver, RF
tuner, mixer and 10-dreuit design. nc. separator. |F amplifier
charaderigticsand design. Trap drcuit.

Elementsof colour teevision, colour vector diagram, colour
differencesgnd, 1,Q,Y signas and their bandwidths. Colour
camerasand picturetubes colour killer circuit, compdibility:

Propagdion of television signd, telecing, CCTV, CATV,
MATV, TV booster, VCR, VCP.

Recommended Books

A M Dhake Teevison and Video Engineering Prentice-
Hdl of India (P) Ltd., New Delhi.

Bali & Bali. Audio Video Systems
Khanna Book Publsihing Co. (P) Ltd., New Dehi.

DESIGN OF ELECTRONIC
DEVICESAND CIRCUITS

EC 412

Group A

Block diagram of pulseradar. Radar equation. Sgndto-noise
rdio, probability density function and range ambiguities radar
cross-section of target, target models PRF, system losses

CW and frequency-modulaed radar doppler effect, CWradar,
FMCW radar.

MTI and pulse doppler radar—delay line cancellers and
characterigtics, blind speeds, douplet cancelation. MTI radars
with power amplifier and power oscillators, transmitters. MTI
from moving platform, pulsedoppler radars Trackingradars

Tracking techniques—sequential lobing, conical scan
monopulse Trackingin range acquisition. Tracking performance

Electronic scanningradar system, beemformingand steering
methods, firecontrolled radar. SAR.

Radar transmitters, magnetron osdillators, hard tube and
linetypepulser. Radar receivers, mixer amplifier, receiver noise,
duplexers, displays, clutters, wesether and interferences, system
engineering and design. Pulse compression radar.

Group B
Fundamentds of radiaion mechanism, vector potentids,

radiation from current dements, radiation patern, superposition
and reciprocity theorems

. RULES& SYLLABI




Smdl antennas, images, smal antenna above ground,
different types of linear arrays, multiplication of patterns,
binomid arays, antennagain, efectivearea antennaimpedance,
beamwidth, sdf and mutua impedance, folded dipolg, Yaginda
antennas.

Mahematica theories of antennas, gpertureantennas, dot
antennas, cavity back dot antennas, horn antennas, waveguide
rdiator, parabolicreflectors, Cassegrain antennas.

Broad band antennas, microstrip antennas, noise
consideration, antennameasurements.
Recommended Books
. M1 Skolink. Introduction to Radar Systems TataMcGraw-
Hill Publishing Co. Ltd., New Delhi.
.. ECuJorden and K G Bamain. ElectromagneticWavesand
Radiaing Systems. Prentioe-Hdl of I ndia(P) Ltd., New Ddhi.

. R E Collin. Antenna and Propagation. McGraw-Hill
Internaiona, Tokyo.

MICROWAVE ENGINEERING

EC 413

Group A
Wave propagation through waveguides—rectangular, circular,
clliptical—cutoff frequency, modes, group and phase velocities.
Cavity resonaorsand filters.
Network representations of discontinuity—S8-matrix.

I mpedancetransformation and matchingtechnique.

Microwave passive components— Tee junctions, magic tee,
couplers, circulaors, atenuators, phase shifters, bends, twists,
corners, irises, windows.

Group B

Microwave generators and amplifiers—thyristor, magnetors,

TWTs, BWOs, transistors, tunnel diodes, PIN GUNN, etc.
Parametricamplifier. Ferriteand ferritedevices

Microwave propagation and link design.

Microwave measurements, network anadyser concept.
Anechoicchambers

Microwave integrated circuits—MMIC, strip and microstrip
lines, dot and coplanar lines
Recommended Books

.. Y Liao. Microwave Devices and Circuits Prentice-Hdl of

India(P) Ltd., New Dehi.

.. PARizz. Microwave Engineering Passive Circuits. Prentice-

Hdl of India(P) Ltd., New Ddhi.

.. Mongjit Mitra Microwave Enginearing Dhanpd Ra & Sonsg

Dédhi.
S K Roy and Mongjit Mitra Microwave Semiconductor

Devices. Prentice-Hdl of India(P) Ltd., New Ddhi.

OPTICAL AND SATELLITE
COMMUNICATIONS

Group A

Optical fibre—step index, graded index, material,
preparation, measurement of propagation, properties, jointing,
connectorsand couplers. Fibreoptic communication systems.

System model. Optical channel—space, fibre optic, sources—
lasers, LEDs.

Fibrelaser for opticd communication through guided media

Modulation techniques—direct modulation and indirect

modulation—injection modulaton, A/O, E/O modulation
techniques.

Optical detection—PIN diodes and APDs.

Optical communication systems—analog and digital

communication system. Low bandwidth/ low bit rate to ultra
wideband/ ultrahigh bit-rade communication system.

Introduction to communication networks—ILANs, MANs

and WANs

EC 414

Group B
Sdlitelaunching and control. Orbits Launch vehidesand
rockets. Space shuttles. Propagation characteristics—attenuation,
noise, spaceenvironment. Frequency bands

Types of saellite sydems. Saelite sub-system, power
communication, control, thermd.

Farth station equipment. Satellite link design—power

budget, EIRP, G/ T retio of receivers CNRof satelitesystem.
Mulltipleaoccesstechnique, TDMA, FDMA, CDMA, SPADE.

Multiple beams—spot beams.
Recommended Books

JM Senior. Opticd Fibre Communications: Principlesand
Practice Prentice-Hall of India(P) Ltd., New Dehi.

T Pratt and C W Bostian. Satdlite Communications. John
Wiley and Sons New York.

G Keiser. Opticd Fibre Communications. McGraw Hill
Internaiond, New York.

T T Ha Digitd Sadlite Communicaions. McGraw-Hill
| nterndiond, New York.

= COMPUTER NETWORKS AND
2 COMMUNICATIONS

Group A
I ntroduction. Principles of datacommunications: Anadog

and digital transmission, multiplexing, transmission
imparments, conceptsof frequency spectrum and bandwidth,
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bandwidth efficient modulation techniques.

Basics of computer networks: Protocol hierarchies, design
issuesfor thelayers, interfacesand services Conceptsof circuit
switching and packet switching, connection-oriented and
connectionless services. Reference models—OSI model and

TCPF | Preferencemodd. Examplenetworks.

Physical layer: Transmission media

twisted pair, coaxial
cable, optical fibre. Wireless transmission—radio, microwave,
infrared and millimeter waves, telephone systems, cell phones.
RS 232C, SONET, modems

Ddallink layer: Services provided to the network layer,
framing, error control, flow control. Error detection and
correction. Unrestricted simplex protoool, stop-andwat protocol,
diding window protocols. HDLC.

Network layer: Design issues. Routing algorithms.
Congestion control. I nternetworking: conogpts of subnetwork,
bridges etc. X 25framerday.

Group B

Transport layer: Services provided to the upper layers
Elements of transport control protocols—addressing,
esteblishing aconnection, releasing aconnection, flow control
and buffering, arash recovery Exampleof smpleprotocolsusing
services primitives TCPand UDP.

IP:IPV4 daagram, | P addressing | CMP.

Media access control protocols: Concept of LANs and
MANs. ALOHA, dotted ALOHA, CSMA, CSMA/ CD.
Ethernet, token bus, token ring, FDDI.

ATM: Protocol architecture. ATM logicd connections ATM
cells Transmission of ATM cells ATM adeptation layer. Traffic
and congestion control.

Narowband and broadband | SDN. Application layer: SNMP,
MTP,FTR TELNET.

Recommended Books

A S Tanenbaum. Computer Networks Prentice-Hal of
India(P) Ltd., New Ddhi.

William Sadlings. Daa and Computer Communicaions.
Prentice-Hdl of India(P) Ltd., New Ddhi.

Bhavneet Sidhu. Computer Networks

Khanna Book Publishing (P) Ltd., New Ddhi.

D Bertsekasand Robert Gdlager. DaaNetworks. Prentice-
Hal of India(P) Ltd., New Delhi.

DIGITAL HARDWARE DESIGN

EC 421

Group A
Basicsof digitd dectronics: Number representation, Boolean

algebra, logic minimization, hazard—free design.

Combinatorid and sequentia design.
Synchronousand asynchronousdircuits.
Memoriesand PLA.
Finitestatemachines.
Group B

Processor mode: D dapath synthesisand control structures.
Fast adders, multipliers, barrd shifters, etc.
Microprogrammed control unit.
Pipdined and pardld architectures
Fault-tolerant structures,

Recommended Books

D JGgski. Prindples of Digitd Design. Prentice-Hdl of
India(P) Ltd., New Ddhi.

. Rishabh Anand. Design Electronics Khanna Books
Publishing (P) Ltd., NewDelhi.
G D Michell. Synthesis of Digitd Circuits. McGraw-Hill
Internationd, New York.

q

3 PULSE AND DIGITAL CIRCUITS
L

(See page 32, subject CP 405)

g

5 ICDESIGN TECHNIQUES

w

Group A

Introduction to | C dedgn flow: System specification tofind
packagng

MOStransistor, CMOSinverter, static and dynamic logic
circuits, latich up problemin CMOS

Factorsfor optimization (gpeed, power, area, eic.)

Timingissues: Clodk skew, criticd path, logichazards etc

I nterconnect: Capacitive resistiveand indudiveparasitics.

Basic concepts of partitioning, floor planning, placement,
routing and layout. Design rule and drcuit extraction, mask
making procedure.

Computer dded design, smulation and testing, behaviourd
modelling and hardwaredescription language
Group B
Memoaries and other replicable structuress ROM, PROM,

EPROM, E2PROM, Satic RAM and dynamic RAM, PLA and
PAL.

Basic design methodologies: Full custom and semicustom
design. AS Cvs fidd programmabledevices.

Basic fabrication technology: Bipolar and MO Sprocessing

. RULES& SYLLABI
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Importanceof semiconductor device modeling Computer
aded design.
Recommended Books

.. NHE Wegeand K Eshraghian. Principlesof CMOSVLS
Design. Addison Wesley Publishing Co., New York.

.. Rishabh Anand. Digtd Integraed Cirauits  KhannaBook
(P) Ltd., New Delhi.

g SOLID STATE PHYSICSAND
< SEMICONDUCTOR DEVICES

4

Group A
Solid state physics: Atomic structures and quantum
mechanicd coneepts, chemica bonds, solid statestructure, band
structure, dection and hole conoept, intrinsic, extrinsic and
compensated semiconductors, carrier concentrdion, latice
vibrdions, mobilities and drift velocities, Fermi leve, energy-
bend diagram.

Carrier trangport mechaniam: Scateringand drift of dectrons
and holes, diffusion mechanism, Hal effect, magneo-resistance,
quasi-Fermi levels generation, recombination and injection of
cariers, Boltzman transport equation and scattering raes,
transient response, basic governing equationsin semiconductor.

P-N junction theory: Physicd description of P-N junction,
depletion gpproximetion, biasing, trangition capaditance, varadier,
junction breakdown, space charge effect and diffusion
approximation, current-voltage characteristicsand temperature
dependence, tunnding current, smdl signd ac. andysis.

Bipolar junction transistors: BJT action, derivation of
current components and gain expressions, breskdown voltages,
Ebers-Moll model, hybrid-pi equivdent circuit, frequency
response of transistors, P-N diode, SCR.

Group B

Fundamentas on technology of semiconductor devices:
Unit processesfor semiconductor devicefabrication, oxidation,
diffusion, photolithography and etching, film deposition, device
isolaion, integrated BJT fabrication processes.

Iield effect transistors—]UET and MOSFET: Physical
decription and theory of JFET, stetic charecteridtics smdl signd
andyds equivaent dreuit, MOSdructure, MOScapaditance, fld-
band threshold voltages, MOSdtdic charadteristics, smdl signd
parameters and equivdent drcuit, charge-sheet mode, strong,
moderateand wesk inversion, short-channd effects, hot-carrier
effeds scdinglawsof MOStrangstors LDD MOSFET, NMOS
and CMOSI Ctechnology, CMOSl|atch-up phenomenon.

Metal semiconductor junctions: Ided Schottky barier,
current-voltage characteristics, MIS diode, Ohmic contacts,
heterojunctions MESFET.

Photonic devices: Optica absorption in asemiconductor,
photovoltaic effect, solar cell, photoconductors, PIN

photodiode avdanchephotodiode LED, ssmiconductor lasers
Recommended Books

.. Y SY¥Yang Microdectronic Devices Taa McGraw-Hill
Publishing Co. Ltd., New Delhi.

... M Swur. Physicsof Semiconductor Devices. Prentice-Hall
of India(P) Ltd., New Dehi.

.. SM e Physics of Semiconductor Devices. New Age
Internaiond (P) Ltd., New Dehi.

.. BG Sregtmen. Solid SaeElectronic Devices Prentice- Hal
of India(P) Ltd., New Delhi.

g
& SOFTWARE ENGINEERING

1]

(See page 37, subject CP 435)

SENSORSAND TRANSDUCERS

EC 431

Group A

Functiona description of instrumentation systems.
Performance characteristics—static and dynamic, time and
frequency responses.

Electrica passivetransducers. Hot wireanemometersand
assodiaed drauit, LVD T and phase-sensitivedetedtion, varigole
reuctance typetransducersand associated circuits. Capaditive
microphoneand associated dircuits.

Magnetodridivetransducers: Magnetostrictivemateriasand
their application to measurement of force. Hal transducers:
principlesand gpplications.

Thermocouple, semiconductor-typetemperaturesensors.

Piezoelectric transducers: Piezodlectric crysta and its
properties senstivecoeffidents ferrodectricmaterias bimorph,
chargeamplifiers, measurement of force

Group B

Sgna conditioning: Push-pull arrangement and reduction
of non-linearity. Linearizing drcuits and their applicaions
Differentid amplifiers instrumentation amplifiers, logarithmic
amplifiers. Sources of hoiseand their reduction, groundingand
shieldingtechniques.

Spedd transducers: Digitd shat encoders. DC and AC
tachogenerdors, synchros

Actuators and servos: DC and AC servomotors, step
motors. Elastic transducers. Springs bellows, digphragms,
Bourdon tubes—their characrteristics and applications,
combination of dastic and dectricd transducers. Pneumatic
SENSOrs.

|EI EXAMINATIONS | “




Recommended Books
AR Maini. Hlectronics Simplified, Edition 2017
khannabooks.com Khanna Book Publishing, Delhi.

D Pdaranabis Sensors and Transducars S Chand & Co.
Ltd., New Dehi.

D V SMurthy. Transducersand | nstrumentation. Prentice-
Hall of India (P) Ltd., New Ddhi.

8 | NDUSTRIAL INSTRUMENTATION
S8  AND COMPUTER CONTROL

Group A

Ultrasonic devices and their gpplications for sensing and
non-destructivetesting

Radioisotopesand ther gpplications Radio isotopesources,
nucleonic detectors, ionization chambers, proportiond-Geiger
Mueller-and scintillation-counters. lonization gauges and
nucleonic gauges for measurement of thickness, density,
pressure, flow, etc.

Opticd transducers: LDR, LEDs, lasers, photodiodes,
photomultiplier tubes, IR and UV detectors. Applications to

industrid and pollution measurement. | ntroduction to opticd
fibrebased sensors.

Microwave sensors: Doppler shift technique for velodity
messurement.

Sampling techniques for liquids and gases for andysis
purposes. Gas analysis, gas chromatography, therma
conductivity method, heat of reaction method. Paramagnetic
oxygen meters.

Group B

Humidity and moisture measurement, measurement of
viscosity, pH messurement, dectrica conductivity messurement.

Sectrochemica anadysis: Mass spectrometry, emission
spectrometry, absorption spectrometry.

Different typesof digita control. Sngeloop and multiloop,
direct digitd control, software implementation of multiloop
controllers. Sequence control: Programmablelogic controllers,
relayladder logic programming.

Supervisory control: Functiondity, prooess optimization,
process monitoring Man-machineinterfaces On-linecomputer
control of processes.

Recommended Books
1. D Pdranabis Principlesof Industrid | nstrumentation. Tata
McGraw-Hill Publishing Co. Ltd., New Delhi.

2. K B Jones. Instrument Technology—Vol II. Analysis

| nstruments. Butterworths Scentific Publication, London.
3. J G Bollinger and N A Duffil. Computer Control of

Machines and Processes Addison-Wesley Publishing Co.,
New York.

4, JW Webb. Programmable Controllers: Principles and
Applictions Merril Publishing Co., Columbus USA.

3 BIOMEDICAL ELECTRONICS
w

Group A

Introduction to human physiology: Body skeleton: Nerve
physiology, membrane protentid and action potentid, function
of nervesand of myoneurd junction.

Muscle physiology: Functions of skeleton and smooth
musde, cardiacmusdeand itsrhythmic contraction.

Heart physiology: Dynamicsof system, blood flow, arterid
pressure, ECG.

Respiraions: Mechanism of respiration. Neuro physiology:
CN Sfunction of spind cord and cord reflexes.

Transducers and eectrodes: Different typesof transducers
and their selection for biomedicd gpplictions Electrodetheory.
Different types of electrodes—hydrogen, calomel, Ag-AgClI,
pH, P02-PC02 eectrodes, selection criteriaof dectrodes.

Group B

Measurement and recording: Cardiovascular measurement:
The heart and other cardiovascular systems. Measurement of
blood pressure, blood flow, cardiac output and cardiac rete.
Electrocardiography, phonocardiography, bdlistocardiography,
plethysmography, magnet cardiography, computer goplictions

Messurement of dectricd activitiesin muscles and brain.
Electromyography, electroencephalograph and their
interpretation.

Respiratory mechanism. Meassurement of gasvolume, flow
rate, carbon dioxide and oxygen concentration in inhded ar,
respiratory controller.

[ nstrumentation for dinicd laboraory: Measurement of pH
value of blood, ESR measurements, haemoglobin
measurement, oxygen and carbon dioxide concentration in
blood, GSR measurement, polarographic measurements,
computer applications

Medica imaging: Ultrasound imaging, radiography megnetic
resonancetechniqueand gpplicdions.

Biotelemetry: Transmission and reception aspects of
biologicd signdsvialongdistances Patient caremonitoring

Electronic instruments affecting the human body.
Simulator, defibrillator, pacemaker, diathermy, blood pumps
myoelectric control of pardysed muscles.
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Recommended Books

L Cromwdl|. Biomedica | nstrumentation. Prentice-Hdl of
India(P) Ltd., New Dehi.

R SKhandpur. Handbook of Biomedicd | nstrumentation.
TaaMcGraw-Hill Publishing Co. Ltd., New Delhi.

E Fox. Humen Physiology. McGraw-Hill I nternaiond.

SIGNAL PROCESSING

EC 434

Group A

Periodic signd andydis: Fourier series, a periodic signd
andysdis, Fourier transform. Discreterepresentation of signds,
Z-transform, sampling theorem. Effect of quantization. Flow

gaph.
Digitd filter design: |1 Rfilter design basad on andogfilters,
input variance and bilinear transformdion goproach.

Computer aded design. FIR filter design using windows,
computer-aded design. Introduction to multiratefilters.

Group B

Computation of theDFT, DCT and WHT. TheFFT, mixed
radix agorithm, simulation of digital filters. Hardware
implementation. Effects of finiteregister length.

Digita signa processors (Ex TMS-320 family). Discrete
random signds. Discrete corrdation. Estimation of power
spectra dendity. Application of digitd signa processing

Recommended Books

AV Oppenhime and R W Shafer. Discrete Time Sgnd
Processing Prentice-Hadl of India(P) Ltd., New Delhi.
JCProakisand D G Maniol&kis. Digita Signa Processing:
Principles, Algorithms and Applications. Prentice-Hdl of
India(P) Ltd., New Dehi.

§ CONTROL SYSTEMS
wl
GroupA

Frequency response techniques: Nyquist criteria—the
principle of argument, the Nyquist path; Nyquist criteria for
stability, effect of addition of polesand zeroson the shape of
Nyquist locus.

Redaivestability: Determindion of gan margin and phase
margin from Nyquigt and Bodeplots. Constant M and N lodi in

the G-plane; Nichol’s charts. Application of Nichol’s charts.

State gpace techniques: Sde variable andysis of dynamicd
systems, canonicd forms, controllability and observability,
stability. I ntroduction to optimd control, quadraic paformance
index and regulaor problems.

Group B

Compensdtion techniques: Specificationsof control systems
in ime and frequency domains. Series compensations—Iag, lead
and lag-lead design using Bode plots. Linear system design by
staevaiablefesdback.

Discrete data systems: Z-transforms and inverse
Ztransforms, stability-unit circle, bilinear transform, Jury’s
gtability criterion. Difference equaions Typesof digitd control
of plants.

Nonlinear dementsand sysems Phase-planeand describing
function methods. Stability analysis and Liapunov’s method.

Recommended Books

| JNagrath and M Gopa. Control System Engineering
New Agelnternationd (P) Ltd., New Delhi.

M Gopd. Modern Control Theory. Prentice-Hdl of India
(P)Ltd., NewDelhi.

A Ambikapathy. Control Engineering Khanna Books
Publishing Co. (P)Ltd., New Delhi.
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MECHANICALENGINEERING

T heFirst Tool That Brought
Civilization

Thehistory of mechanicd enginesring
begins from the time when the oldest
men started making stone tools. The
gradua development of elementary
mechanica partsin metdsfollowed over
meny centuries Archamedes (287-212BC)
invented a water screw and atechnique
for moving gred weightsby asmadl force
The concept of perpetud motion was
cleerly formulated by Bhaskara in his
SathataSraran. The Chineseconverted
rotary motion into reciprocatingmotion
for atrip hammer. Hero of Alexendria
invented ageamturbinein thefirst century
BC and cdled it an aeolipile. Leonardo da
Vind invented, anongst other things, a
centrifugd pump. It isevident, thereforg
tha from ancient time, gpplication of
mechanisms or smple machines were
known to some dvilizations.

T he Second Wave

The invention of an atmospheric
steam engine by Thomas Newcomen in
1712 and the stleem engine by James Walt
in 1768 were the most significant
contributions which brought about the
Industrial Revolution. By 1786, Watt’s
engines were driving paper mills, corn
millsand cotton spinning mills and were
put in operation in mining, steel and
other industries. Engines were aso used
to prope boas and ral road cariages
(1825). An immense sourceof power was
then a thedisposd of man d aplaceand
time suited to him.

Evolution of Mechanical
Engineering

Curiously enough, any book on
mechanicd vibration is found not to
illustrate only absolute mechanical
systems; the books rather anayse any
system irrespective of mechanical,
electrical, acoustic and even heat
dissipation or energy transfer in generd.
Theimplicdion remansraher mechanics
of vibration and it hasnothing to do with
mechanicd engineering.

Mechanical Engineering

Itisadisdplineinwhich mathemaics

and science are blended with experience
and judgement for the production of
useful things. It strives to utilize
economicaly themaerids and forces of
naturefor the production of servicesble
goods. Formd traning of a mechanica
engineer includes a knowledge of
mathematics, physics, thermodynamics,
mechanicsof materidsand fluids, satics,
dynamics and chemistry, with
spedidisdioninmetd auttingand mechine
tools manufacturingsystems, tc.

It was mainly Euler who first
generalised the aspects of statics and
dynamics in classica mechanics and
digtinctively brought the concepts of
kinardticsand kindics | n theformer, the
geometry of motion (tha is, the effect)
without any regard to the force (that is,
the cause) was analysed and the
implements which offered the desired
path of motion were termed as
mechanisms. These were the set of
systemsprovidingthe nesded transfer and
transformation of motion only and such
systems were being gradually called
mechanical systems.

The impact of the lexicon
‘mechanism’ was so great in the classical
science that every observation in nature—
be it micro-, macro-, or mega-systems—
was used to be explaned in terms of
mechanicd models and the world of
sdencebecanedmod mechanidicin every
aspect. The magnanimacity of theword
isreveded even in quantummethanicsand
matanisrs o denia readions

On theother hand, thebranch kindics
was evolved pardlelly to offer ajoint
transfer and transformation of motion
and energy, where the force causing the
motion was given dueregard, thenature
of the force being of any kind — constant,
cydicor even intermittently varying The
devices offering such transfer and
transformaion of energy and motion
weresubsequentlytermed asenginesor

simply machines, implying extended
mechanicd systems To round up the
understanding of any such system the
help of other branches of sciences like
mathematics, physics, thermodynamics,
mechanics of materias and fluids was
resorted to different extent andtosuch a
dimension tha gave rise to a separae
discipline now called Mechanical
Engineering.
Seeking for a Separate
Entity—Institutionalization

On the refusa of membership to
George Sephenson, inventor of the
steam locomotive, by Thel nstitution of
Civil Engineers, a distinct group of
engineers and mechanics engaged in
meanufacturing and ralway operdions,
segregated themselves as “mechanical
engineers’. Subsequently, persons engaged
in the production of bicycles and motor
cars dso joined the group. However,
certification of mechanicad engineers
through academicevdudion garted only
in early twentieth century:
Indian Scene

The embryo of mechanical
engineering asahybrid courseof dedricd
and mechanica engineeringwas planted
byLaeProf. Kingin theBenarasHindu
University. However, duringthenationd
movement the Nationa Council of
Educdlion, Bengd wasestablishedin 1906
with S Aurobindo asitsfirst Principd.
Subsequently it became one of the
pioneering institutions in India to
encourage the study of totd mechanica
engneeringled by pioneerslike LateProf
H C Dasgupta and Late Prof SC
Bhattacharyya. Almost concurrently the
programme was started in Guindy and
Poona Now, practicaly dl engineering
oollegesand polytechnicsconduct courses
in mechanicd enginearingto caer for the
needs of manufacturing industries, the
power sector, corpordions, private and
government R& D departments teaching
inditutions, etc. Mechanicd engineersare
dso sdf-employed as consultants or
entrepreneurs.
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MECHANICALENGINEERING

o
g ENGINEERING MANAGEMENT
(See page 13, subject | C 402)
(]
S MECHANICSOF SOLIDS
=
Group A

Review of free body diagrams; Andysis of deformdion
under axid loading Smpleshear and pressure.

Saticdly determinate and indeterminate cases. Forcesand
moments transmitted by simple beems.

Mechanics of deformable solids, stress and strain,
transformation of stress and strain, Mohr circle diagram,
equilibrium equaions and compdibility conditions.

Meterid propertiesand ther testing: Elegtic, indlagtic, pladtic
and viscod asticmaterid behaviour. Fatigueand creep. Concepts
of ductility, hardness, toughnessand their quantificaion. Tensile
and impact tests.

Group B

Stress-strain-temperature relations. Generalised Hooke’s law
and thermd strans.

Equationsof daticity. Solutionsof thin and thick cylinders
and rotating disks.

Sressesin beams Torsion of droular shatsand thin wdled
sections. Deflection of hdica springs.

Yidd criteria energy methods, basic dadicity equations.
Recommended Books

D SBedi. Strength of Materials, Khanna Book Publishing

Co.(P) Ltd.,, NewDelhi.

S P Timoshenko. Strength of Matetials—Vols 1 and 2. CBS

Publishers& Distributors, New Ddlhi.

SH Cranddl, N CD&ahl and T JLardner. An Introduction

to Mechanics of Solids. McGraw-Hill Internationd.

G K L4, e d. Mechanicd Sciences. The Inditution of

Engineers (India) Textbook Series Narosa Publishing
House, New Ddhi.

MECHANICSOF FLUIDS

MC 404

Group A
Propertiesand dassification of fluids Fluid statics buoyancy.
Scdar and vector fields, Reynold transport theorem.

Continuity and momentum equations, momentum

theorem, Bernouill’s equation and their applications.

Condtitutiverelation for aNewtonian fluid. Navier- Sokes
equations, exact solutions for flow between pardld plates,
rotating cylinders, Couetteflow and Poisseuilli flow.

Applicaion of viscousflowsthrough pipes; Correlation of
frictionfactor.

Laminar boundary layer, boundary layer equations, Blasius
solution over a fla plae, wal shear stress, boundary layer
thickness, boundary layer control.

Group B

Separdion; momentum integrd method.

Turbulent flow; mixing length models; Skin friction
coeffident in aturbulent boundarylayer.

Compressibility flow; N ozzles and diffusers; Shocks; Effect
of friction and hedt trensfer.

Potentid flows.

Experimentd methodsfor flow and velocity messurements.
Recommended Books

| H Shames. Mechanics of Fluids. McGraw-Hill
| nternationd.

SK Som and G Biswas. I ntroduction to Fluid Mechanics.
TataMcGraw-Hill PublishingCo. Ltd., New Delhi.

Sadhu Singh. Fluid Mechanics
Khanna Books (P) Ltd., New Delhi.

g THERMAL SCIENCE AND
g ENGINEERING
Group A

System, property, work and hed interactions, zeroth law;
firgt law of thermodynamics, gpplication of first law to closed
systemsand flow processes.

Thermodynamic properties of fluids.

Second law of thermodynamics, Camnot cyde, temperaure
scdeg Clausisinegudity, entropy increase, avalability.

Thermodynamic property relations. Clgpeyran equation.

Power and refrigeration cydes. Operating principles and
essentia components of vapour power cycles. |C engines and
gasturbines.

Thermodynamicsof mixtures psychrometry.

Group B

Conduction: One-dimensiond steady and unsteady stale

problems, fins, multidimensiond problems.
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Convection: Externd flows, boundary layer flow on ahegted
fla plae

Thermdly and hydro-dynamicaly fully developed flow
through a pipe, turbulence flow, Dittus Boelter’s and Sieder

statecoorddion.
Naura convection, condensaion and boiling
Hed exchangers, LMTD and eNTU method.

Radiation: Fundamentd concepts, black body radiation,
surfaceemission, surface properties, Kirchoffslaw, view factor,
bladk body radiation exchange.

Recommended Books
Y V C Rao. An Introduction to Thermodynamics New
Agelnternationd (P) Ltd., New Ddhi.

PK Nag Bascand Applied Thermodynamics TaaMcGran-
Hill Publishing Co. Ltd., New Delhi.

JPHolman. Heat Transfer. McGraw-Hill International.

S P Sukhatme. A Text Book on Heat Transfer. Orient
Longmen Ltd., New Delhi.

. Bedi, Sharma. Thermodynamics. Khanna Publishing Co.
Ltd., New Dehi.

MANUFACTURING
TECHNOLOGY

MC 406

Group A

Introduction. Manufacturing cyde. Manuf acturing processes
and their selection. Engineeringmaeridsand their selection.

Cadling Patterns, gating system design, riser design, product
design, defects, ingpection techniques. Other cagting processes:
investment cadting, die cagting, centrifugd casting and continuous
casting Basic design congderdtionsin casting

Metd forming: Plastic deformation, hot and cold working.
Forming operations—rolling, extrusion, drawing processes,
shest metd operations, load estimations for homogeneous
deformation. Sheet metd die design. High velocity forming
processes

Hest treatment processes.

Processing of plastics: Extrusion, injection moulding, blow
moulding, rational moulding, thermo-forming and
compression moulding. Basic design considerations, rapid
prototyping, stereolithography technique.

Powder metallurgy processing: Production of meta
powders, compaction and sintering processes.

Group B

Metal cutting: Tool materials, tool geometry and
nomenddaurein ASA, ORSand NRS cuttingfluids, sngleand
multipoint cutting operations, production of gearsand screw

threads, grinding and finishing processes, specification of
grinding whesls.

Machinetools Primary and secondary drives, guideway and
slideways, structure. Introduction to NC, CNC and DNC
meachining

New machining methods: Process capabilities and
limitations of AWM, USM, WM, ECM, ECG, EDM, EBM
and LBM processes

Joining processes: Fusion welding processes, heat dfected
zone, testing of welded joints, solid state welding processes,
brazing and soldering Basic design consderaionsin welding
Process sdlection. Adhesive bonding Mechanicd fastening
processes.

Recommended Books

SKdpakjian. Manufacturing Engineering and Technology.

Addison-Wedey (India).

P N Rao. Manufacturing Technology. Tata McGraw-Hill

Publishing Co. Ltd., New Delhi.

E P DeGarmo, J T Blak and R Kosher. Materids and
Processesin Manufacturing. Macmillan I nternational.

G K Lal and S K Choudhary. Fundamentals of
Meanufacturing Processes. Narosa Publishing House, New
Ddhi.

P K Mishra. Nonconventional Machining. Narosa
Publishing House, New Delhi.

I~

g DESIGN OF MACHINE ELEMENTS

=

Group A

Mechanical systems and elements, overall design
considerations safety, ecologica and societd considerationsin
design. Codes for design—Bureau of Indian Standards (BIS)
codes, design data handbook. Load, stressand criticd sections
in machine parts.

Materids, stress-stran curvesof ductileand brittlematerids,
cast iron, sted, non-ferrous dloys and plastics, hardness and
surfacepropertiesof maerids, materid strength, factor of safety
and dlowable stress. Review of axid, bending, shear and
torsiond loading on machine components, combined loading,
two- and threedimensional Mohr’s circle, Stresses in curved

beams, thick and thin shells under pressure.
Deflection and stability, beam deflection and column

buckling. Euler’s formula and Johnson’s formula. Failures
theories—maximum normal stress theory, maximum shear
gresstheory, and maximum distortion energy theory. Application
to components made of brittle and dudtile maerids, stress
concentration factor.

Cydic loading and faigue falures: Reverse bending, axia
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and torsion loadings, effect of stress concentration, fatiguelife
prediction—Miner’s rule, effect ot surface treatments (shot-

peening, surface hardening) on fatigue life of components.

Design of threaded fastenersand power sarews, threed forms
and threaded fastener types and maerids, power screws, bolt
tightening and initid tension, gatic and fatligueloadingin baolts,
bending and axid loading on agroup of bolts.

Rivets and welding: Loading, bending, direct shear, axid
and bending

Group B

Design of springs: Soring materids, helicd compression
and extension springs, design for fatigue, loading, legf sprints.
Design of dliding bearings, bearing maerias fluid viscosity,
hydrodynamic lubrication, Petroff’s equation, Raimondi and
Boyd chart. Hest dissipdion.

Rolling elements bearings: Types, caaogue information
(Timken and SXF beerings), bearingliferadid and thrust loads.
Sdection of beerings. Spur, helica and worm gears, geer tooth
profile, gear geometry, module, contact ratio, gear train, gear
tooth bending strength, gear tooth surfacefaigueandysis, gear
materid.

Design of shafts, keys, pins and splines, shaft couplings.
Cotter and pin joints, pipe joints, gaskets, sed and packing,
cylinder joints, flanged joints.

Clutches and brakes: Sngle and multiple plate clutch,
constant wear and congtant pressuretheoriesfor platedutches,
materids, shoedrum brakes, internd and externd shoebrakes.

Power transmission elements: Beltsand chan drives, design
of flat and V-beits

Recommended Books

Sidhu Singh. Machine Design. KhannaBook (P) Ltd.,
Delhi.

JE Shigeyand L D Mitchell. Mechanicd Engineering Design.
McGraw Hill Internationd.

R SKhurmi and J K Gupta. A Text Book of Machine
Design. SChand & Co. Ltd., New Delhi.

REFRIGERATION AND
AIRCONDITIONING

MC 411

Group A
I ntroduction to refrigeration and arconditioning, methods

of refrigeration—conventional and nonconventional, unit of
refrigerdion, COP and refrigeration efficiency.
Air refrigeration. Carnot. Bell Coleman, Brayton cydes,
smpleand bootstrap arcraft refrigeration systems.
Mechanical refrigeration. Carnot vapour refrigeration
compression cycle, smple vapour compression cyde. Effect of
sub-coadlingand superheatingon cydeperformance, actud vapour

compression cyde, multistageand cascaderefrigeration, industrid
refrigeraion systems

Vapour absorption refrigeration: Working principle, COP
comparison between vapour absorption and vapour
compression refrigeration systems, actual ammonia vapour
refrigeration systems, Lithium bromidewater ebsorption system,
electrolux refrigeration system.

Group B
Steam jet refrigeration system: Principle and gpplications,
performance, actud steam jet refrigeration. Vortex and pulse
tuberefrigeration, theory and operation.

Thermoelectric refrigeration: Thermoelectric elements,
working principleand COP refrigerants, desirable properties of
refrigerants, primary and secondary refrigerants, various
refrigerants and their properties, dternatives to the chloro
fluorocarbons.

Air-conditioning: Psychrometry, psychrometry chart and
various psychometric processes, comfort and industria
aroonditioning, effectivetemperdureand comfort chart, unitary
and centra arconditioning systems.

Cooling and hegting load cdculdions, design conditions,
sensible and latent hedt loads sensible heat ratio, structurd,
electricd, infiltraion and ventildion hea gans, occupancy heat
gains, gpparaus dew point, bypassand contact factors.

Recommended Books

.. CPArora Refrigeraion and Airconditioning TdaMcGraw-
Hill Publishing Co. Ltd., New Delhi.

.. Sadhu Singh. Refrigeration and Airconditioning Khanna
Book Publishing (P)Ltd., New Delhi.

POWERPLANT ENGINEERING

MC 412

Group A

Thermd power stations. Man components and working
of power staions, thermodynamics cycles, fuel handling,
combustion and combustion equipment, problem of ash
digposd, dreulaingwaer schemes and supply of makeup water.
Choiceof pressureof steam generation and steamtemperature,
selection of appropriate vacuum economiser, ar pre-heder,
feedwater heaters and dust collection. Characteristics of turbo
dternators steam power plant, heat baanceand efficiency.

Boilersand deam generation, generd dassificetion, firetube
and water tubeboilers, naturd dreulation and forced circuldion
boilers, high pressure, high temperature boilers, supercritica
pressure boilers, boiler mounting and accessories, feed pumps,
economisers, superheders, ar preheders, boiler furnaces, heat
generation rates, water wals.

Gasfired and fue fired oil furnaces, pulverised fuel fired
furnaces, burnersfor gasfired, fud oil-fired and pulverised fuel
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fired furnaces, grate fired furnaces for solid fuels, feedwater
pumps and pipings, boiler settings, estimation of ar quantity
requirement and draught systems, 1D and FD fans.

Diesel power plants: Diesel engine performance and
operation, plant layout, log sheets, selections of enginesize.

Gas turbine plants: Plant layout, methods of improving
output and performance fud and fuel systems, methods of
testing, open and dosed cycleplants, operding characterigtics.

Group B

Combined working of power plants: Advantages of
combined working of different typesof power plants, need for
co-ordinaion of types of power plantsin power systems, base
load stations and pesk load stations.

Hydrodedtric plants Penstocks water turbines, ecificspead,
turbinegovernors, hydroplant auxiliaries plant layout, autometic
and remote control of hydroplants, pumped projects, cost of
hydrodectricproject.

Nudear power plants: Elements of nudear power plants,
nuclear reactor fud moderators, coolants, control.

Mdor electrica equipment in power plants Generaor and
exdters, power and unit transformers, dircuit breskers, protective
equipment, control board equipment, elements of
instrumentation.

Power gtation auxiliaries. Alternae power sources. Solar
power, geothermd, tidal and wind power.

Recommended Books

P K Nag Power Plant Engineering (Stream and Nudear).

TaaMcGraw-Hill Publishing Co. Ltd., New Ddlhi.

B G A Skrotzki and W A Popa. Power Plant Engineering

TaaMcGraw-Hill Publishing Co. Ltd., New Dehi.

Ashish Chandra. Non-conventiona Energy Sources

khannabooks.com, Ddhi.

NON-CONVENTIONAL ENERGY
SYSTEMS

MC 413

Group A

Introduction to non-conventional sources—Solar, biogas,
wind, tidd, geothermd.

Basic bio-conversion mechanism; source of waste; smple
digester; composition and cdorific vaues of bioges.

Wind and tidd energy generation; Spedd characteristics;
Turbine parameters and optimum operation; Electricad power
generation from wind/ tidd energy.

Energy fromthe sun: Techniquesof collection; Sorageand
utilisation; Types of solar collectors; Selective surfaces;, Solar
thermd processes; Hedling; Cooling; Drying; Power generdion,
(o

Group B

Direct energy conversion methods: Photoelectric,
thermodectric, thermoionic, MHD (magnetohydrodynamics)
and dectro-chemicd devicss, Solar odls.

Photovoltacs Amorphous seimconductors; Limitations of
photovoltaics efficiency; Fuel cells; Pegk load demands;
Developmentsin fuel cdlsand applications.

Oceen thermd energy conversion; Geotherma energyhot
springsand steam injection; Power plant based on OTEC and
geothermd springs.

Fusion energy. Control through fusion of hydrogen and
helium. Energy release rates—present status and problems.
Future possibilities.

I ntegrated energy packages using solar, biomass, wind, etc.
Comparative study of non-conventiona energy sources; Cost
considerationsand economics.

Recommended Books

S P Sukhatme. Solar Energy: Principles of Therma

Collection and Storage TataMcGraw-Hill Publishing Co.

Ltd.,NewDdhi.

. Ashish Chandra. Non-conventional Energy Sources.

Khanna Books, Ddhi.

M Ali Kettani. Direct Energy Conversions Addison Wesley

Publishing Co., New York.

INTERNAL COMBUSTION
ENGINES

MC 414

Group A

Clasdification of enginesaccording to fuels, cydeof operation
and number of grokes, construction detals, vauearrangaments,
gpplication of | Cengines, review of ar stendard cydes, devidion
of actud cydesfromfudar cydes, variousinfluenangfadors.
Review of fudsfor | C engineswith particular

referenceto velodty, ignition qudity and knodk rding, varigble
compression ratio engines.

Air-fued ratios and mixture requirements of S engines,
gtoichiometric fud ar ratio, lean and rich mixture operation,
optimum conditions, carburetors—principle, types and venturi,
fuel orificesizes, chargestrdtificaion and distribution.

Fud-ar requirement in Cl engines. Methods of fud oil
distribution and injection. Typesof injector systemsin 9 and
Cl engines. Flame front and norma combustion. Detonation
in 9 and knocking Cl engines. Factorsinfluendngdetonation
and knock. Comparative andysis. | gnition systemsin S and Cl
engines.

Group B

Enginefriction and lubrication: Effect of enginevariables,
tota enginefriction, requirements of lubricants and lubricating
systems.
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Cooling systems: Gas temperdure variation, heat transfer
rates, piston and cylinder temperaure, hed rejected to coolant,
ar and water cooling systems and components.

Two-strokeengines: Specia features scavenging systems

Supercharging Objects, effects on engine performance,
supercharging limits, methods of supercharging with specid
emphasison turbocharges.

Engine testing and performance: Various performance
parameters and their measurements.

Air pollution from engine exhaud, its measurement and
contral, prindple constituents of engine, emission methods of
control, medificaion of conventiona engines, dud fue and
multifuel engines, stratified charged engines, sterlingsengines,
Wankel rotary combustion engine
Recommended Books

V Ganeshan. | nternd Combustion Engines TaaMcGraw-
Hill Publishing Co., Ltd., New Délhi.

M L Mathur and RP Shama | nternd Combustion Engines.
Dhanpa Ra & Sons, Dehi.

H. N. Gupta Fundamentals of Internd Combustion
Engnes. Prentice-Hal of India(P) Ltd., New Delhi.

TURBOMACHINERY

MC 415

Group A

Positivedisplacement and turbomachines. Basic principles
of rotodynamic machines. Efficiency of turbomachines.

Flow through nozzles and blade passages: Steady flow
through nozzes, isentropic flow; Effect of friction in flow
passages, Converging-diverging nozzles, Flow of wet steam
through nozzles; Diffusers.

Seam and gasturbines Pressureand velodity compounding;
Ve odtydiagrams Degreeof readtion; Utilisstion factor; Reaction
blanding; Andysis of flow through turbomachines; Energy
equation; Momentum equation.

Fluid dynamic condderation: Theoreticaly obtainablework
heed; Profilelosses. Clearance and leskagelosses. Windagelosses.
Partid admission losses. Flow devidion, Diffuser performance.
Design of blade passages. Cavitation in turbomachines.

Group B

Centrifuga compressors: Description and operation, energy
transfer and relations, losses, adisbatic efficiency, effect of
compressibility, performancecharadterigtics pressurecoeffidient,
dip factor, surging, surgelinesand stdl line.

Axid compressor: | ntroduction, stagecharacteristics, blade
effidency, design coeffidents bladeloading, cascadecharadterigtics
three-dimensiona flow considerations, supersonic axid flow
compressor, performance characteristics.

Wind turbines: Power, energy and torque of wind turbines,
coeffident of performance, energy production and capadity factor,
turbineshaft power, torqueat variable speeds.

Hydraulic turbomachines: Hydraulic turbines (pelton whed
and Kaplan turbines), centrifuga and axid flow pumps,
charecterigticsof hydraulicturbomeachines.

Fens: Classificetion, fan laws.

Power transmitting turbomachines, Hydraulic coupling;
Torqueconverters
Recommended Books
... H Cohen, G F CRogersand H H H Saravanamutto. Gas
TurbineTheory. ELBS-Longman.

.. SM Yzhya Turbines Compressorsand Fans TataMcGraw-
Hill Publishing Co. Ltd., New Delhi.

V Kadambi and M Prasad. An Introduction to Energy
Conversion. Vol. 111-Turbomachinery. New Age Internationd
(P) Ltd., Dehi.

-—

M DESIGN OF MECHANICAL SYSTEMS
=

Group A

Theessentid inputsto adesign engineer. Stagesin design.
Creative and evolutionary design. Problem formulation.
Prdiminary design and andysis.

Conceptud design: Alternative designs, feagibility andysis
and design space, best design constrants, system integration,
rationa design.

D esign processand design cycle Design morphology.

Design databases and design standards.

Sdection of materidsand processes Accuracy, surfacefinish,
tolerances, statisticd nature of loads, part dimensions.
Probabilistic design, fector of safety.

Detaled design of smple systems involving pressure
vessels, fasteners, pinsand wd ds.

Group B

Optimal design of machine elements and systems.
Minimum weight and minimum cost design rigidity and
strength.

Reliability of systems, falure rate and component life,
MTBF, reigbility considerationsin design.

Satic and dynamic andysisof engineering systemsinvolving
shafts, linkages, couplers, transmission devices, toothed
dements, €c.

Recommended Books
G E Dieter. Engineering Design. McGraw-Hill
JE Shigey andL D Mitchell. Mechanicd EnginesringDesign.
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. L SSinath. Reliability Enginesring Affiliated East West
Press(P)Ltd., NewDelhi.

g OPTIMISATION—THEORY AND
APPLICATIONS

MC

Group A

Introduction to optimisation: Historica development.
Engineering applications. Satement of an optimisation
problem, classification and formulation of optimisation
problems, optimisation techniques.

Classical optimisation methods: Single variable
optimistion, multivarieble optimisation with and without
congtrants.

Linear programming: Standard form of a linear
programming problem (LPP), geometry of LPPs, related
theorems, linear smultaneous equations, pivotd reduction,
simplex method, revised simplex method, duality,
decomposition, trangportation and assignment problems.

Nonlinear programming (unconstrained): Uni-moda
function, exhaustive search, bi-section and golden section
methods, interpolation methods, random search methods,
univariate method, gradient of afunction, conjugate gradient,
quasi-Newton and variable metric methods.

Group B

Nonlinear programming (consgtrained): Complex method,
cutting plane method, method of feasible directions,
transformation techniques, penalty function methods,
convergencechecks

Geometric programming: |ntroduction to geometric
progranming, polynomid, unconstrained and constrained
problems.

Dynamic programming: Introduction to dynamic
programming, multistage decision processes, computationa
procedures, caculusand tabular methods.

Recommended Books

S S Rao. Optimisation—Theory and Applications. New Age

Internationd (P) Ltd., New Ddhi.

K Dev. Optimisation for Engineering Design: Algorithm

and Examples. Prentice-Hdll of India(P) Ltd., New Delhi.

N G R lyengar and SK Gupta Sructurd Optimisation.

Affiliated East-West Press(P) Ltd., New Delhi.

JK Shama Operdions Research. Macmillan India Ltd.,

New Ddhi.

S ANALYSISAND SYNTHESISOF

&2_’ MECHANISMS AND MACHINES

Group A
Mechanisms and machines, kinemalic par, dements, chans

and inversions, degree of freedom, movability, Grubler’s
criterion, four-link mechanisms, Grashot’s criteria.

Kinemdicandysis, indantaneouscentres, K ennedy theorem,
velocity anaysis using velocity difference and ingtantaneous
centres, acodleration andysis, velocity and acoderdtion imeges.

Kinemaicsynthesis, graphicd method usinginversion and
overlay, three-point synthesis problems, motion, pah and
function generation. Freudenstein’s method of three point
synthesis of four link mechanisms.

Dynamic force analysis of four-bar and dider crank
mechanisms, turning moment and flywhed! anaysis.

Typesof governors charadterigticsof centrifugd governors
stability control of speed hunting of governors.

Group B

Baandngof rotatingmasses: Two badancing massesin two
planesfor completedynamicbdance.

Determination of bdancing masses, bdancing of rotors,
baancing of internd combustion engines, balancing of
multicylinder inline engines V-twin cylinder, multi-row VW
engne and radia engine. Lanchester technique for baancing
internd combustion engineswith rotating ecoentric weights.

Typesof cam followers selection of motion, displacement
diagrams, cam profiledetermination.

Geersand gear trains, fundamenta law of gearing, involute
tooth profile, undercuttingand interference. Minimum number
of teeth, types of gears, ample, compound and epicyclic geer
trans.

Gyroscopic action in machines, simple precession of a
symmetricd rotating body.

Recommended Books

A Ghosh and A K Madlik. Theory of Mechaniams and

Machines Affiliated East-West Press(P) Ltd., New Dehi.

JSRan and RV Dukkipati. Mechanismand Machine Theory.

New Agelnterndiond (P) Ltd., New Ddhi.

JE Shidey and J J Vicker (Jr). Theory of Machines and

Mechanisms. McGraw-Hill Internationd.

DESIGN OF MACHINE TOOLS

MC 424

Group A

Conceptudisation of mechanica systems for prescribed
scheme; Layout of machine tool dements; Introduction to
machine tool drives and mechanisms; Genera principles of
machinetool design.

Design of drive systems, Regulation of speed and feed;
Kinematic gructure of machine tool gear box; Hydraulic,
mechanicd and electrica speed regulaion.

Design of machinetool dructures Materid sdection; Welded
vs cast dructure Sdicand dynamicdiffness; Choiceof dement

sectionsand their design.
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Group B
Andysis of spindles, bearings, dides and guides.
Control systems for machinetools.
Dynamics of machinetools: Machinetoolsasadosed loop

system. Dynamic stability. Forced vibration and chatter in
machinetools.

Concept of modular design; Concepts of aesthetic and
ergonomics gpplied to machine tools; Acceptance tests and
standardisation of machine tools.

Recommended Books

N K Mehta Machine Tool Design. Tata McGraw-Hill

Publishing Co. Ltd., New Delhi.

G C Senand A Bhatacharyya Principlesof MachineTools

New Centrd Book Agency, Kolkata

SK Basu. Mathine Tool Design. Oxford & | BH Publishing

Co (P)Ltd., NewDelhi.

g COMPUTER AIDED
o ENGINEERIN G DESIGN
Group A

Computer @ded design of engineering sydems. Applications
in modelling, andysis design and manufacturing

Computer graphics, regter grgphicsand interadtiveness, pixds
and grephic display in computers, windows and view-ports,
linesand drdes, grgphic datastorageand menipulation, hardware
display, input and output devices.

Geometric transformations—two, three—dimensional and
homogeneous transformations, rotation, trandation, mirror,
perspedive, projections, etc.

Computer aided drafting, Introduction to Auto CAD—use
of menus and icons, two-dimensiona drawings using auto
CAD lines, circles, tangents, simple machine drawings,
dimensioning, blocks and layers, editing and adding text to a
drawing

Advanced auto CAD—three—dimensional drawings.
Curves, surfaces and solid modds, customizing Auto CAD,
autoLISP,

Group B
Design of curves—PC, Beizer and B-spline curves, normal,
tangent, curvatureand torsion of aurves Blendingof two curves
Design of surfaces, tangent and normd planes Curvature

and twist, surface patches—PC, Baizer and Bspline, ruled and

devdopable surfaces, swept and revolved surfaces.

Solid modeling—uwire frame, constructive solid geometry
(CSG) and boundary representation (B-rep); parametric
instanding. Cell decomposition, spatia occupancy enumeration,
generdized sweep.

Mass property calculations—curve length, surface area,

volume, centroid, mass, moment, etc.

Finite element andysis: Fundamentas of finite element
analysis; discretization, mesh generation, pre and post—
processing and simple gpplications.

Recommended Books

| Zeid. CAD/ CAM: Theoryand Practice. TaaMoGran-Hill

Publishing Co. Ltd., New Ddlhi.

G Omura MadgteringAuto CAD 14. BPB Publications, New

Ddhi.

S S Rao. Finite Element Andysis. Tata McGraw-Hill
Publishing Co. Ltd., New Déhi.

MANUFACTURING SCIENCE

MC 431

Group A
Deformation of metds, stress-strain curves, temperaure
and stran rate effects, ductility and toughness, plane-strain
deformation, mechanism of plastic deformation, control of

material properties—alloying and heat treatment.

Sand casting: Pattern materids and dlowances, moulding
materids, properties of moulding sand, effects of moulding
ingredients on mould properties, estimation of pouring time,
mechanism of solidification, rate of solidification in an
insulatingmould, riser design and placement, residua stresses.

Elements of plasticity—yield criteria and flow rule, plastic
instability. Analysis of forming processes—forging, rolling,
extrusion, wire and strip drawing, using slab method, deep
drawing, blankingand pierdng Lubricaion andfrictioninmetd
forming

Group B

Metd cutting: Mechanics of orthogond cutting, chip
formation in turning, shaping, planning, milling and drilling,
evduation of surfaceroughnessin machining, heat generation,
estimation of average tool temperature, tool wear mechanism
and tool life testing, varigbles affecting tool life machining
economics—estimation of cost and optimum cutting
conditions.

Metd grinding: Basic mechanicsof grindingprocess, forces
and specific energy, grinding temperature—heat sources and
estimation of average temperature, whed wear mechanism,
estimation of surface roughness.

Non-conventiond machining: Classification of processes,
mechanism of materiad remova and effects of process
paameersin AM, USM, ECM, EDM, LBM, EBM and PAM.

Weldingand alied processes: Bonding processin welding,
principlesof solid-staieweding, fusion welding, solderingand
brazing, effects of process parameters, metdlurgy of welding
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Recommended Books
A Ghoshand A K Mdlik. Manufacturing Science. Affiliated
East-West Press (P) Ltd., New Delhi.
J A Schey. Introduction to Manufacturing Processes
McGraw-Hill Internationd.
G K L4d. Introduction to Machining Sdence. New Age
Internationd (P) Ltd., New Ddhi.

P K Mishra. Non-conventional Machining. Narosa
Publishing House, New Ddlhi.

COMPUTER AIDED
MANUFACTURING

Group A

Basic definitions of manufacturing systems: Definitions,
design, planning and control.

Part design and CAD: Engineering design, design drafting
and its interpretation, inspection and measurement. A brief
history of CAD, CAD hardware and software. Fundamentas
of geometricmodding CAD dataexchange.

Process engineering: Experience-based planning, process
capability anaysis, basic machining and other manufacturing
processcaculaions, prooess optimisation.

Hard automation: Introduction to automated
manufacturing, fixed automated manufacturing systems,
workpiece handling hardware for automation and economics
of automation.

Programmable logic controllers: Function of controllers,
control devices, programmablelogic controllers.

Data communication and local area networks in
menufacturing: Fundamentasof datacommunication and locd
aeanetworks.

MC 432

Group B

Fundamentals of numerical control: Historical
devdopments and principles of NC, dassificdion of NC, NC
part programming, manual and computer-assisted part
programming

| ntroduction to industria robots: Power sources, actuators
and transducers. Robot gpplicdions. Economic considerations
of robotic systems.

Group technology: | ntroduction, coding and dassification,
benefitsof group technology.

Process planning Introduction, manud process planning,
computer aided process planning, variant and generative
approaches, smpleexamples.

I ntroduction to concurrent engineering, FMSand CIM.
Recommended Books

. PN Rap, N K Tiwari and T K Kundra Computer Aided
Manufacturing. Tata McGraw-Hill Publishing Co. Ltd., New

Dehi.

S K Vajpayee. Principles of Computer Integrated
Manufacturing. Prentice-Hal of India(P)Ltd., New Dehi.

g TOOL AND DIE DESIGN
=
Group A

I nfluence of tools and dies on qudity, productivity and
environment, tool design methodsand procedures, tool making
practices, toolingmateriasand treatment.

Jgsand fixtures. Basic principles of locating and dlamping,
development of fixtureusing locaing, damping, indexing tool
setting elements, force andyss, standardisation of dements,
illustrative examples of machining, welding, assembly and
inspection fixtures.

Design of cutting tools and spedid tools(form cuttersand
broachers), toolingfor CNC, introduction to modular fixtures
and tools.

Group B

Die design: Design of sheet metd blanking, piercing,
bending and deep drawing dies. Progressivedie design.

Mould design. Introduction to die casting and injection
mould design. Genera mould construction. Design of gection,
feed and cooling systems. Parting surface design. Sde coresand
sdecavities Product design for diecagtingand injection molding

Cogt estimation and cost benefit anaysis.
Recommended Books

CDonddson, G H LeCain and V C Goold. Tool Design.

TataMcGraw Hill Publishing Co. Ltd., New Dehi.

ASTME (Ed. F W Wilson). Fundamentdsof Tool Design.

PrenticeHal of India(P) Ltd., New Delhi.

P N Rao. Manufacturing Technology—TUloundry, orming

and Welding TataMcGraw-Hill Publishing Co. Ltd., New

Ddhi.

g MANUFACTURING AUTOMATION

=

Group A

Definition of automation, ressons for automating, pros
and cons of automation.

Fundamentals of manufacturing and automation:
Manufacturing operdionsand automation strategies, production
€00NOMICS.

High volumeproduction systems: D etroit typeautomation,
andysisof automated flow lines, assembly and linebdancing,
automated assembly systems.

Numericd control production systems: CNC, DNC and

adeptiveoontrol.
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Group B
Industrid robots: Roboticstechnology, robot applicaions

Materid handling and storage: Automated materias
handling, automated storageand retrieva systems.

Flexiblemanufacturing systems (FMS): FMSworkstaions,
materid handling and storage systems, computer control
systems, planning the FMS, analysis methods for FMS,
applicationsand bendfits.

Automated ingpection and testing: | ngpection and testing,
statistica qudity control, automated inspection principlesand
methods, sensor technologies for automated inspection,
coordinate messuring machines, other contact ingpection
methods, machine vision and other opticd ingpection methods,
and non-contact ingpection methods.

Recommended Books

M P Groover. Automation, Production Systems and
Computer Integrated Manufacturing PrenticeHal of India
(P)Ltd., NewDelhi.

PN Rao, N K Tiwari and T K Kundra Computer Aided
Menufacturing TaaMcGraw-Hill PublishingCo. Ltd., New
Ddhi.

PRODUCTION MANAGEMENT

MC 435

Group A

Introduction. Concept of management, concept of asystem,
production system, production functions.

Organisaion fundamentds. Guiddinesfor good practice,
organisation structures, organisation charts, span of control,
number of levels number of executives, management functions

Production economics: Kindsof costs, evduation of capitd
investments. Capita budgeting, bresk-even andysis, make or
buy decisons evaudion of dternatives, discounted cash flow,
equivaent comparison methods, deprecidion.

Aggregae planning. Planning time horizons inputs to
aggregate planning systems, singe and multistage aggregate
planning systems, decision processes for aggregate planning—
graphicd method, linear decision rule, and linear progranming
method.

Demand management. Timespan for forecagts, forecasting

Johnson’s rule.

system, forecasting methods—time series, casual and predictive

forecastingmethads, selection of aforecastingmethod.

Materids management. Purchasing, distribution and
inventory control, inventory concepts, types of inventories.
I nventory codts economicorder quantity, economic production
quantity, lead time, safety stock. Basic concept of maerid
requirements planning (MRP). Just in time (A T).

Group B
Scheduling Scheduling process, scheduling for amultistage
production system, sequencing production operations,

lacilities management. Plant location—factors influencing
plant location, cost factors, plant location decision process,
salection of alocation for new fadilities, evaudion of dterndive
regions and sub-regions. Plant layout—objectives, decision
process, typesof |layouts, comparison of layouts. Linebaancing
and sequence analysis concepts. Materials handling—devices for
materids handling, basic considerations in the sdection of
materids handling system.

Humen factor engineering: Methods andysis and works
measurement, methods study, process anaysis, operation
processchart, operator prooesschart, motion study, principles
of motion economy, motion analysis. Time study—types of

studies, procedurefor job time study, physica environment.

Quality management: Three aspects of qudity, functiond
responsi bility for qudity in amanufacturing system, economics
of quality assurance, qudity control, QC decision variables,
process control, control charts, acceptance sampling, singe,
double and sequentia sampling plans, concept of totd qudity
control (TQC).

Maintenance management: Mantenancefunctions, concept
of reliability engineering, reliability improvement, preventive
maintenance, preventive mantenance policy, repair policy,
replacement decisions, queuing theory and its goplicationsin
maintenance.

I ntroduction to PERT/ CPM.

Recommended Books

SN Chary. Theory and Problems in Production and

OperdionsManagement. TataMcGraw Hill Publishing Co.

Ltd., NewDehi.

E SBuffaand RK Sarin. Modern Production/ Operations

Management. John Wiley Interndiond.
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MATERIALS& METALLURGICAL ENGINEERING

T he Booster of Civilisation
Asoneof the cradles of divilisation,
Indian contributionsto thefield hasbeen
profound and pioneering Examples
abound from the metal-work and
jewellery of theIndusVdley civilisdion
totheunafectediron pillar & New Delhi
(4th century A.D.) in substantial
quantities. The Copper and Bronze Age
followed by the Iron Age transformed
the andent civilisations across the world
in the Indus-Valley, China, Egypt,
Mesopotamia and Babylon. In other
words, thedvilisgtionswarecad in metds.

T heE ngineering asthe Backbone

Theword metalurgy issad to have
originded from Greek words and it
means metd and working Metdlurgy
asabranch of engneeringisconcerned
with the extraction and production of
metds and dloys, their adaptdion to
use, and their performance in service
Asasdence, metdlurgyisconcerned with
the chemicd reactions involved in the
processes by which only metds are
produced and extendsto the chemicd,
physicd and mechanicd behaviour of
metdlicmderids.

Meaterid science on the other hand
embraces a wider spectrum to indude
detaled agpedsof both metdsand non-
metds | nmaterid sdencethefiner detalls
of materids in terms of bondage
between domicpartidesaresearched for
and the extringc properties and gross
behaviour in gpplication arequantified
intermsof their intringc properties The
marriage of metas and non-metdsfor
spedific applications has been possible
for a penetrating understanding and
knowledge of the behaviour of
materids through the innovative steps
in materid sdence.

Branching of aTree

The field of metallurgy may be
divided into process metallurgy
(production metallurgy, extractive
metdlurgy) and physicd metalurgy. Metd
processingisapart of proocess metdlurgy

and themechanicd behaviour of metds,
apart of physica metdlurgy.

Theemergenceof maerid scienceand
engineeringistheresult of deveopments
tha haveoccurred through theyears The
most significant among these are—
research in the mderids-related basic
sciences and the maerids discipline,
scientificand technologicd innovations,
and organisationd plus infrastructura
developments in industry, educationd
ingtitutions and the government R& D
sdors

Many disciplines and subdisciplines,
in particular, metallurgy, ceramic
technology, polymer and condensed
meatter sciences, and their enginesringand
industrid gpplications, exist as distinct
identities within the broader concept of
meterid scienceand engineering
M any Faces of M aterials

Thelesson tha energy can neither be
creded nor be destroyed appliesdso to
the materids which man receives from
Nature. Yet for the sake of gross
utilization, the materids are categorised
as naturaly occurring or man-made,
extracted or synthesized, inorganic or
organic, structura or nonstructura,
depending upon their origination or use.
But afiner detaling is cdled for as the

Iron Bller o Déhi

assodated science and technology differ
widdy due to theindividud nature and
goplication of the materid. Thus, the
maeridsaredassfied asmetdsand dloys,
ceramics and glasses, polymers and
dastomers, fibreand compostemaerids
on theonehand based upon their nature
and as industrid, elecirica, electronics
superconducting, nuclear, magnetic,
opticd, biomedicad and the likes based
upon their gpplications. Each face, d times
overlgpping, gives riseto dimensionsin
itsown right.
Indian Stride

Formd study of metdlurgy in recent
times started when the Banaras Hindu
University esteblished the Collegeof Mining
and Metdlurgyin 1923. Such courseswere
dso darted early & theBengd Enginesring
College, Sbpore, the Indian Inditute of
Science, Bangdore and the Universty of
Roorkee Redisingtheneed for researchand
devdopment for thesakeof sdfaufficiency
and for exploiting Indian minerds which
have unique characterigtics The Ndiond
Metdlurgicd Laboratory wasset upin 1950.
Other ingtitutionsknown for their work in
dlied fied are & the Regiond Research
Lebordoriesd Bhubaneswar and Bhopd,
the Centrd Glass and Ceramic Research
Ingtitute, Kolkata etc.
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MATERIALS& METALLURGICALENGINEERING

o

b ENGINEERING MANAGEMENT
(See page 13, subject 1C 402)

Y] METALLURGICAL THERMODYNAMICS

o AND KINETICS

Group A

Saeof asystem. Extensive and intensive properties. First
law of thermodynamics, capacity of gases and solids. Hess’ law,
enthalpy, Kirchhoff’s laws.

Second law of thermodynamics Entropy. Entropy changes
in gases. Trouton’s and Richard’s combined statement of first
and second laws of thermodynamics. Helmholtz and Gibb’s
freeenergies

Concept of equilibrium. Thermodynamic potentid
conditions equilibrium. Maxwell’s equations. Activity, activity
coefficient and equilibrium constants for homogeneous and
heterogeneous systems. Clausius-Clapeyron equation.

Third law of thermodynamics. Partid molar quentities.
Gibbs-Duhem equation. Raoult’s and Henry’s laws. Standard
states. Gibbsphaserule

Group B

Electrolytic solutions, dectrode potentid, chemicd and
eledricd energy, standard referencedectrode, polarisation, over
voltage, EMF and gdvanic dectrodeposition of metas and
dloys.

Adsortption and absorption. Gibb’s equation.
Arrheniusequation. Activation energy.

Homogeneous and heterogeneous reaction. Orders and
molecularities of reactions. Activated state. Nucleation and
growth. Diffusion.

Recommended Books
. D R Gashell. Introduction to Metallurgical
Thermodynamics. McGraw-Hill Internationd.

R H Tupkary. Hssentials of Metdlurgica

Thermodynamics. Khanna Books, New Delhi

§ EXTRACTIVE METALLURGY

Group A
Formation of ores and minerds. Classification of oresand
minerds. Definitionsof various unit operations. Typicd flow
sheetsfor metd extraction processes.

Thermodynamics: Molten systems, slagsand eectrolytes.

Kinetics: Gas-solid, liquid-solid, liquid-liquid and gasliquid
reactions.

Group B

Puels and otes preparation: Fuels used in extraction—drying,
cdcination, roastingand agglomeration.

Reduction of metal oxides: Thermodynamics of oxide
reduction with emphasis on ores of iron, lead and zinc. Blast
furnaceoperations Smeting and converting

Refining process: Sudy with emphasis on steelmaking,
vacuum degassing, distillation and zonerefining

Hydrometdlurgy: I ntroduction to different unit processes
like leaching, predipitation, ion exchange, solvent extraction,
gaseousreduction and cementation.

Electrometdlurgy: Current and energy effidency. Examples
from aqueous (Cu and Zn) and fused st (Al) processes.
Recommended Books
... A Ghosh and H SRay. Principlesof ExtractiveMetalurgy.
New Age Internationa (P) Ltd., New Dehi.

.. T Rosenquidt. Prindplesof ExtractiveMetdlurgy. McGraw-
Hill Internationd.

MECHANICAL BEHAVIOUR OF
MATERIALS

Group A

Flasticity. General state of stress and strain. Hooke’s law,
dastic constants and their relationships. Anisotropic dasticity.
Elastic strain energy. Measurements of Young’s modulus for
metds, ceramics polymersand composites. Non-easticity.

Mechanism of dastic deformation. Atomic bonding and
aomicpackingin metas, polymers, ceramicsand intermetdlics.
Energy distance curvesfor different maerids Effect of bonding
and packing characteristicson dasticmoduleof materids.

Plagticity. Yidld criteria Flow curve and work hardening
Condtitutiverdationships.

Mechanism of plastic deformation. Plastic deformation by
dip, twinning, diffusiond flows and gran boundary sliding
Crystalographic character of dip, critica resolved sheer stress
and theoreticd shear strength of arystds.

Tegtingof metds Tensle compressive, hardnessand impact
of testing methods.

Group B
Elementsof didocaion theory. Vacandes interstitid and

planar defectsin crystds. Edge, screw and mixed disocations
end didocdion loops Conservaive and non-conservaive
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movementsof didocation. Stressrequired in movedidocation.
Stressfidd and dtrain energy of dislocation. Line tension and
forceson didocation, forces between dislocations. Didocation
in FCC and BCC crystasand in ordered structures. Sacking
fault energy and anti-phase boundary energy. Didocation
multiplication and pile-ups. Yidd point phenomenaand strain
agng

Srengthening mechanism. Strain hardening, deformation
behaviour of polycrystds Gran boundary, solid solution,
precipitation, dispersion and fibre strengthening.

High temperature deformation and creep. Superplagticity.
Primary, secondary and tertiary creeps secondary creep rate
deformation mechanism maps and plots. Creep resistance
materias. Creep testing methods.

I'racture and fracture toughness of matetials. Griffth’s theory,

critica energy paameter, criticd stressintensity factor and fracture
toughness.

Fatigue. Faligueof uncracked and aracked components. Crack
propagation rae in fatigue and its mechanism. Creep fatigue
interactions. Fatigue testing methods.

Recommended Books

G E Dieter. Mechanica Metallurgy. McGraw-Hill
Interndtiond.

.. Brick, Gordon and Philips. Sructure and Properties of
Metdsand Alloys. McGraw-Hill Internaiond.

PHYSICAL METALLURGY

Group A

Fundamentals of physica metdlurgy: Lattices, unit cdls,
indexing of direction planes. Weiss zone lav. Closepacking of
equd spheres Common metdlicstructure. Atomicsize. Voids
in close-packed structures. Packing of unequa sphere.
Substitutional and interstitial solid solutions. Hume-Rothery’s
rules. Introduction to amorphousmaerid, liquid crystals, quasi-
crydtds, fullemess

Diffusion in metals and alloys: Uick’s laws and Kirkendall
effect. Diffusion dong didocaions and grain boundaries.
Fundamental concepts of diffusiona and martensite
transformdions.

Phasediagrams Binary system. | somorphous system, Lever
rule congruement minimaand maxima misdbility gep. Eutectic,
peritectic, monotectic, syntectic and metatectic systems.
Equilibrium and non-equilibrium solidification. | ntermediate
phases Elements of ternary phase diagrams. Typica phase
diagrams: Fe-C, Cu-Ni, Cu-Zn, Al-Cu, Al-S and Pb-Sn.

Group B

Heat treatment of ferrous dloys. Hed tredment of plan
carbon and dloy sheets Hardening, anneding, normdizingand

temperingof stedsand therr effect on properties. Hardnessand
hardenability. Quenchingmedia

Isothermal transformation diagrams, martempering,
austempering and managing Surface hardening— carburizing,
nitriding, carbonitriding, flameand induction hardening.

Hest treatment of non-ferrous aloys: Anneding of cold
worked metds and dloys. Heat treatment of common copper
dloys Predpitation and age hardening Temper designdtions
for duminium dloys.

Pyrometry. Thermooouples, resitance, opticd and radiation
pyrometersand their gpplications.

Recommended Books

V Raghavan. Physicd Metdlurgy. Prentice-Hall of 1ndia(P)
Ltd., New Ddhi.

RE Smdiman. Physicd Metdlurgy. Butterworths, London.

METALLURGICAL DESIGN

Group A
Elements of design: Elementary design of machine
components as gpplied to metalurgica equipment. Elements
of aupoladesign. Design of recuperatorsand regenerdors.
Heatingfurnaces: Design of fud hearth, fluesand passages.
Design of arc roof, suspended roof and furnace binding
Estimation of heat losses, heat baance and fud requirements.

Group B

Electric furnaces: Design of hediing ements in dectric
resistance furnaces. Effidency and performance of induction and
arcfumnaces.

Advanced metdlurgicd design: Design of metdlurgica
furnaces—open hearth, blast furnace and LD converter.
Recommended Books

M W Thring Sdence of Flamesand Furnaces Chapman

and Hall, London.

Paschkis and J Pearson. Industrid Electric Furnaces and

Appliances Wiley Interscience, New York.

T Rosenquigt. Prindplesof ExtractiveMetdlurgy. McGraw-
Hill Internationd.

WM Kayesand A L London. Compact Heat Exchangers.
McGraw-Hill Internationd.

MINERAL ENGINEERING

Group A

Mineralogical investigations. Role of microscope,
spedtrosoope, micochemistry and other determingivemethods.
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Liberation and severance—methods of obtaining severance,
determination of liberation.

Comminution. Broad classification. Primary bresking
operations. | ntermediate crushing by crushers, cone, roll and
impact crushers. Ball and fumbling mills—fine grinding. Closed
and open circuit grinding. Determination of power
consumption.

Szing Screen anadysis sizing curves, industrid sizing,
screening—revolving and vibrating screens. Screen efficiency and
capecity. Classification: Laws wet and dry methods. Types of
classifiers—stationary, mechanical, centrifugal and hydraulic.
Cydones

Gravity concentrdion. Jgging, bedding and shaking Riffled
tables, vannersand tilting tebles. Heavy liquid and heavy media
separaions. Spird concentratorsand other dimerecovery units.

Group B

Flotation. Physico-chemica principles. Chemistry of
flotation reagentsand their functions. Flotaion processes. Froth
flotation machines. Concentrdion of copper, lead and Zincores
by flotation. Flotaion of non-sulphide ores of copper and
leed, dolomite, fluorspar, gypsum, phosphates, mangenese
silica sllimanite, grgphiteand cod.

Electricd and magnetic concentration. Electrostaic and
magnetic separations, dry and wet typeseparators. Applicdions
to minerd beneficidion.

Dewatering. Draining, thickening and sedimentation.
Filtration by continuousvaouum and pressurefilters. Centrifuges.
Elements of drying—description and application of hearth and
rotery dryers.

Other concentraion methods. Handpicking, andgamaion
and therma processes.

Recommended Books

.. AMGaudin. Principlesof Minerd Dressing TaaMoGraw-
Hill Publishing Co. Ltd., New Delhi.

.. A F Teggat. Elements of Ore Dressing. Jbohn Wiley and
Sons, New York.

FUELS FURNACESAND
REFRACTORIES

Group A

Fuds. Conditution, classifications and washing of cod.
Composition of ash, compardive study of solid, liquid and
geeeousfuds, seledtion criteriaof cod for metdlurgica purposes
High and low temperaure carbonization and bi-products.
Combustion theory and problems. Producer gasand water gas.
Regeneration, recuperdion and westeheat boilers Fud effidency.

Furnaces. Combustion devicesfor solid, liquid and gaseous
fuds Variousmethods of firingand modes of combugtion of

cod and cokeindl cases. Naturd , induced, forced and baanced
draft. Theory and caculation of naturd draft and cepadity of
chimney. Regulation of primary, secondary and excessar and
furnacedraft for efficient combustion.

Group B

Methodsof firing of liquid and gaseousfuels. Principlesof
burner design for liquid and gaseousfuels Pulverized fud firing
Sources of hed losses in furnaces and methods to prevent
insulaion. Fuel economy and thermd efficiency of furnaces.
Smple numerical examples. Different furnaces used in
metallurgical industries and materials of construction.
Elementary trestment of use of flow modes to study fumace
charatteridics

Refractories. Refractory materids and their physica and
chemicd properties. Rav maerids, manufacture, propertiesand
usesof dlica fire-clay, basic composite and naturd refractory
materids. Refractory aspects of furnace construction with
referenceto important metdlurgica industrieslikeiron and sted,
copper and duminium.
Recommended Books
.. SSaka. Fuds and Combustion. Orient Longmen Ltd.,
New Ddhi.
. Gupta.Elements of Fue S Technology. khannabooks.com

FERROUSEXTRACTIVE
METALLURGY

MM 413

Group A
Ores and preparation. Indian iron ores and their
composition. Location and evaduation. Benefication of oresand
operaionslike cdcinaion, concentration and agglomeration.
Preparaions and properties of fudsand fluxes.

Iron production. Blast furnace accessories, construction of
blast furnace and layout. Blast furnaceoperation. Physicd and
chemicd principlesof furnace operation. Economy of hot and
dryblasts. Furnace chargecaeulations Control of dag, handling
of productsand utilisation of by-productslikegesand dag

Group B
Recent developments in blast furnace. Desulphurization,
carbon lining, lime injection, high top pressure and steam
injection. Instrumentation and control in blast furnace.
Production of iron in low shaft and dectric furnaces. Electric
smelting and production of ferro-dloys.

Stedmaking Variousstedmaking processes. Useof oxygen
in steelmaking Sdlection of refractoriesfor steel manufacturing,
Cadling pit practioe methodsof teeming, careand protection of
ingot moulds. Defectsin ged ingots, their causes and prevention.
Continuoussted casting. Recent developmentsin stedmaking.
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Recommended Books

R H Tupkary. Modern Iron Making. Khanna Publishers,
Ddhi.

R H Tupkay. Modern Sted Making Khanna Publishers,
Dehi.

A K Biswas. Principlesof Blast Furnacelron Making SB A
Publicetions, Kolkaa

NON-FERROUSEXTRACTIVE
METALLURGY

Group A
Introduction. Generd flow-shedt for metd production from

non-ferrous ores. Definitions and applicaionsof various unit
operaionsand unit processesinvolved in pyroprocessing

Unit processesin pyrometdlurgy. Reduction and smdting,
including physical chemistry and Ellingham’ diagrams.
Converting, halide metallurpy—high temperature refining—
distillation, vacuum degassing and zonerefining.

Group B

Unit processes in hydrometallurgy. Leaching— mechanisms
and kinetics, types and techniques of leaching Solution
putification—chemical precipitation on exchange, solvent
extraction. Recovery of metal values—gaseous reducton of
solutions, eectrolysis, solvent extraction, cementation.

Electrometdlurgy. Bourbaix diagram. Electrowinning.
Electrorefining

Recommended Books

K P Abrgham, H SRay and R Sridhar. Extraction of
NonferrousMetds. Affilided East-Wed Press(P) Ltd., New
Ddhi.

JNewton. ExtractiveMetdlurgy. ohn Wileyand Sons, New
York.

INSTRUMENTATION AND
CONTROL

(See page 16, subject CH 415)

POLYMER MATERIALSAND
TECHNOLOGY

MM 421

(See page 17, subject CH 431)

g ELECTROMETALLURGY AND

E CORROS ON

Group A

Principles of dectrochemistry. Laws of chemicd and
eedrochemicd equilibriam. | nterpretaion and measurement of
current—voltage curves, emf of galvanic cells. Nerquist equation.
Bourbaix diagram. Electrode potentids, decomposition
potential, polarization, overvoltage and practica utilities.
Passivation phenomena

Electroplating, electrotyping and anodizing Genera
principlesof code position and plaingfrom agueous and non-
aqueous baths, methods of plating of Cr, Cd, Zn, $n, Cu, Ag,
Ni and bright Ni, code position with reference to plaing of
brass and dloys of tungsten. Electrotyping of metds.

Anodizing and plating Al, methods of testing of dectrode
deposit with referenceto porosity, thicknessand microhardening

Group B

Electrorefining of metas. Generd principlesand practice of
eectrowinning of Cu, Ag, Pb, Ni, Fe, Zn and Sh from agueous
solutionsand Al, Be, Ce, Mg and Nafrom fused sdts.

Electroanaysis. Electrogravimetric andysis. Principles of
potentiometric, conductometric and trace anaysis by
polarography and amperometry. Electrophoresisas amethod
of separation of isotopes.

Forms of corrosion. Uniform, locaised and gdvanic
corrosion, oxygen and hot corresion, hydrogen embrittlement.
Corrosion control by design, environmentd change, and coaing

Cahadic and anodic protection. Corrosion properties of
materids. Anaysis of corrosion falure Engineering trendsin
corrosion studies.

Recommended Books

S Narayan and R Saran. An Introduction to

Electrometdlurgy. Sandard Publishersand Distributors Delhi.

.. W A Koehler. Principles and Applications of
Electrometdlurgy. John Wiley and Sons New York.

.. Rg Narayan. An Introduction to Metdlic Corrosion and I ts
Prevention. Oxford and |BH Publishing Co. (P) Ltd., New Delhi.

ADVANCED PHYSICAL
METALLURGY

Group A
Solidification of pure metals—phenomena of under cooling,
Solidification of alloys—cooling curves. Introduction to
thermodynamics of phase transformations. Kinetics and
mechanism of phase changesin solid stae.
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Metastable equilibrium-iron-carbon  diagram.
Tranformations in steel under non-equilibrium conditions
Eutectoid and matensitic transformations to austensite—both
in isothermd manner and during continuous cooling. Hest
treetment of sted. Hardenability. Quenchingand trandformation
stresses. Surface hardening processes. Thermo-mechanica
treatment of sted.

Group B

Physicd metdlurgy of cast iron and its heat trestment.
Important solid state transformations during equilibrium and
non-equilibrium conditions in non-ferrous systems.
Precipitation phenomena in solid solutions. Age hardening—
its theories. Quench and strain aging. Phenomena of tamper
brittleness.

Preparaion of metdlographic examination. Mechanicd
polishing, electrolytic polishing. Macroexaminations,
interpretaion of micro structures. Methods of detection of
phasechanges. Construction of equilibrium diagramsby various
methods and ternary diagrams for Fe-dloys with referenceto
dteringof microgtructureand mechanica properties |sothermd
transformation in stedl. Order-disorder reection.

Recommended Books
RE Smdlman. Physicd Metdlurgy. Butterworths London.

RW Cahn (Ed). Physicd Metdlurgy: John Wiley and Sons
New York.

MATERIAL
CHARACTERISATION

Group A

Sereographic projection. Generation of X-rays, continuous
and charactetistics spectrum. Absorption of X-rays. Bragg’s law,
diffraction methods, diffraction under non-ided conditions.
Intendty of diffracted beam, powder method, indoxing of
cubic and non-cubiccrystds.

Precise lattice parameter determination, solus curve
determination, chemicd andysis, preferred orientation and
texturedetermination of particles, sizes, €lc.

Group B
Flectron microscopy—principles, thin film and replication
techniques, natureof contrast from didocations, stackingfaults
and second phasepartidles.
Other methods of detecting phase chenges, thermd andysis,
dithermetic resistivity and magnetic methods.
Recommended Books

.. G Thomas Transmission Electron Microscopy of Metds
John Wiley and Sons, New York.

.. A Taylor. An Introduction to X-ray Metdlography. John
Wiley and Sons, New York.

CERAMIC MATERIALS

Group A
Cheracterigticsof ceramic solids. Introduction to ceramics,
common ceramicaydd druciures silicates, dayminerds, grgphite
and carbides.
Structura imperfections, solid solutions, Frenkd and
Schottky defects, disocations, non-stoichiometric solids,
diffusion in crystdline and non-stoichiometric solids.

Group B

Devdopment of microstructurein ceramics. Ceramic phase-
equilibrium diggrams. N uclegtion, grain growth, sintering and
vitrification, microstructureof ceramics.

Properties of ceramics. Elastic behaviour, toughness,
strength, creep, and plagtic deformation, thermd properties
opticd properties dectrica conductivity, dilectricand magnetic
properties.

Recommended Book

WD Kingery, H K Bowen and D R Uhlmann. Intreduction

to Ceramics Wiley I nterscience New York.

—

< POLYMER MATERIALSAND
E TECHNOLOGY

(See page 17, subject CH 431)

WELDING AND ALLIED
PROCESSES

Group A
Classification of welding processes, Basicfusion operdions;
Gasand arc welding; Welding equipment and materids.
Variousarcweding techniques(T1G, MI G, submerged arc,
etc); Resistancewdding, Specid welding processes(thermit, laser,
dectron beam, explosive, ec); other solid statewelding processes;
Welding of specid metd dloys

Group B

Heet flow in welding: Pre-hedt and post-heat trestment;
Residual stresses; Weldability; Strength of weld joints;
I nspection and testing of weld joints.

Principlesof brazingand soldering; Wetting phenomenon;
Capillary flow, pre-cleaning and use of fluxes, Application to
important ferrousand non-ferrous dloys. Design considerations
inwdding
Recommended Books

.. RS Permar. Welding Processes and Technology. Khanna
Publishers (P) Ltd., Ddhi.
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RL Little We dingand Welding Technology. TataMoGraw-
Hill Publishing Co. Ltd., New Ddhi.

P N Rap. Manufacturing Technology. Tata McGraw-Hill
Publishing Co. Ltd., New Delhi.

A CDavies Welding Cambridge University Press USA.

g ADVAN CED PHYSICAL
= METALLURGY
(See page 75, subject MM 423)

FOUNDRY ENGINEERING

Group A

Casting processes. Classifications, gpplications, advantages
and limitetions.

Pdtern making Requirements, pattern materias machines
and tools for pattern—making, allowances, types of patterns,
design of patterns.

Moulding. Moulding sands—properties, preparation and
testing; Moulding processes, Machinemoulding; Coreand core
making.

Gatingsystem. Elementsof gating system; Design of gating
system—spruce, choke and gates.

Mdting and pouring Melting equipment for foundries
Metdlurgica characteristics of cagt metas, pouring time and
temperdure.

Group B

Solidification. Principles of solidification; Estimation of
solidification time.

Risering. Design of risersand their placements

Qudity considerations. Cagting defects; Inspection and
testing of casting; Design of castings.

Spedd casting processes. Investment and shell cagting;
Permanent mould casting; Die casting; Centrifuga casting;
Continuous casting
Recommended Books

B W Taylor, M C Flemingo and J Wulff. Foundry

Engineering New Agelnternaiond (P) Ltd., New Ddhi.

PL &n. Princdplesof Foundry Technology. TataMcGraw-
Hill Publishing Co. Ltd., New Ddhi.

RW Hein, C R Leper and Rosentha. Principles of Metd
Cadling TataMoGraw-Hill Publishing Co. Ltd., New Delhi.
P N Rao. Manufacturing Technology. Taa McGraw-Hill
Publishing Co. Ltd., New Delhi.

MECHANICAL WORKIN G
PROCESSES

Group A

Elastic and plastic deformation of single crystal and
polycrystdline aggregates Sipping, twinning, work hardening,
flow and fracture, anneding, recovery, recrystdlisaion and grain
growth.

Hot and cold working, orangeped effect, stretcher, Srength,
strain, yield point phenomena. Aging—strain and quench aging;
strain agehardening

Group B

Elementary andysisand metdlurgicd prindplesinvolved in
variousworking operationslikerolling, forging, wire drawing,
deep drawing, stamping and extrusion, and their gpplicaions.

Polymer materids, mechanica behaviour of polymer
materids, forming and shaping of polymer materias (blow,
vacuum, compression, transfer and injection moulding,
extrusion, €ic.)

Process description, production of meta and ceramic
powder. Reduction, aomisation, mechanicad comminution and
electrolysisprooess.

Blendingof powder. Briquetting, sintering, sizing, coining,
machining, impregnation, infiltration, plating Heat treatment.

Propertiesof meta powdersand finished parts. Application
of powder—metallurgy techniques in the field of porous
bearing, machineparts, friction materid, tungsten filaments.

Design congderationsin powder metdlurgy.
Recommended Books

G E Dieter. Mechanical Metallurgy. McGraw-Hill
Internationd.

AV K Suryanarayana Tedingof MedlicMderids Prentice-
Hdl of India (P) Ltd., New Delhi.

JRFried. Polymer Sdienceand Technology. Prentice-Hdl of
India (P) Ltd., New Ddhi.

G SUpadhyay. Powder Metalurgy Technology. Cambridge
University Press USA.
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T he Venerable Tradition

India has had a venerable tradition in
mining, dating back to pre- Hargppan
times. Carbon-dating of artefacts from
Rgpura-Daribaminein Rgasthan dtests
to the fact that the mine worked as far
back as 1000 BC. Even duringthe Indus
Vdley Civilisation which flourished more
than 5000 yearsage, gold jewdlery, copper
vessdsand other artefactswerein use The
widely scattered daghegpsof iron, sted,
Zinc, lead, copper and gold in certain parts
of Bihar, Karndakaand Rgasthan go to
suggest the evidenoe of miningin India
in ancient times. WhileK autilya(400-300
BC) in his Arthashagra has made
incidentd referenceto mining Amarsmha
in his Amarkosha suggested the
dassfication of metdsand minerds The
Indian diamond industry, noted for the
Kohinoor, enjoyed world wide
monopoly & onetime. | ndiahasenjoyed
arespectebleantiquity, arich heritegeand
henceaprestigiouspostionintheannds
of mining over severd centuries.

Modern Mining — Indian Perspective

Regular miningof cod wasstarted in
Renigenj in 1814 and copper mining in
the Snghbhum copper belt in Biha in
1857. Mica deposits were opened up in
Bihar in 1857, in AndhraPradesh in 1887
and in Rgasthan later. Manganese ore
depositswerediscovered in Centrd | ndia
in 1829 and in Southern Indiain 1891.
The Kolar gold mines were started in
1871. TheDigboi ail fiddsin Assan cane
up in 1888. Many other mines, quarries
and oil fields have since been explored.

The Indian mining industry
conditutesalargedisparaecongomerae
with around 400 cod mines, 720 mines
for metdlic minerds, and over 2600 mines
for non-metdlic minerals. In minera
resources, Indiahasalargeexcessin iron
ore, titanium, thorium, rare earths and
mica, a surplus deposit of bauxite,
corundum, beryl, magnesite, manganese
and Zirconium, asdfsufficiency in arsenic,
barium, chromium, cod, uranium and

T he Speculative Engineering

Onceanart of speculaion byonly a
few handful experts, Mining
Engineering is now concerned with
scientific exploration of the rich
resources of materias hidden under
the crust of the earth, exploitaion of
technology for safe and economic
extraction of the same, which nature
has transformed and stored, and
efident menagement for theexeaution
of dl actions related to mining of
minerals in any form — solid, liquid
and gas. Geologica understanding of
the formation of earth crust and
trgpped mineras mapping of deposits
andtheir distribution density through
interpretation from space-age
technology, designing adaptable
mining machinery, forecasting and
prevention of mining hazards,
implementation of safe and rescue
measutes —all such aspects come under
the purview of mining engineering
disdpline

vanadium, and an unfortunaedeficency
in bismuth, lead, mercury, nickel, cobalt,
copper and thenoblemetas.
The Pioneer Organisations

Except for sophigticated mechinery for
advanced mechanizdion, indigenously
designed and manu-factured mining
mechinery are now available in India

Praess Contrd Sdenfar a Cdliary

Auxiliary equipment such as dectricd,
ventilation, dewaering, dust suppression
and mehanemonitoring systemsaredso
indigenoudy available. Miningand Allied
Machinery Corporation (MAMC),
Durgapur; Heavy Engineering
Corperation (HEC), Ranchi; Tata
Engineering and Locomotive Co. Ltd
(TELCOQO), Jamshedpur, Hindustan
Motors Ltd, Chenna; and Larsen and
Toubro Ltd, Mumba ae some of the
leading manufacturers of mining
equipment. The country has deveoped
indigenous capacity even in thefield of
off-shore exploration and exploitation
through such orgenisgtionsasEngnears
IndiaLtd, Mazageon DodksLtd, Mumba,
and the Qil & Naurd GasCorporation

(ONGC).

In order to interlink the exploration
of minerasin linewiththenationd policy;
the Mines and Mineras (Regulation and
Development) Act, 1948, had been
enacted by the Government of India The
Indian Bureau of Mines Nagpur was
cregted in the same year to coordindethe
development activities.

The Indian School of Mines,
Dhanbad (1926), D eemed asaUniversity,
imparts education in mining engineering,
petroleum engineering and geology a
graduaeand postgraduate levels. Severd
reseerch organisationslike CMRShavedso
been esteblished.

|EI EXAMINATIONS | “




[51] peqIosa.d 8y Wiol) Lexellepun 29 0} a.e siwLedxe (ue)) 0L ]

sjuswadxy Alojeioge
pue
YoM osloid

+

uoresifeT pue JususbeuR|\ BUI GEY NIN
Burlerirg suly e NI

uoreAox3 pue Buiuteidsuly eey NIN

Buiuy Jospoyp|y peoLeApY Zel NI
SOILELB|A Y00 PEOLEAPY LEF NI

Buiuue|d puespoya |\ Buiut iy 111 dnoig

uoiesibe ] pue jususbeLe sullN SZF NIN
Ul Ul ApES pLe AljiceIpy KIEND #Z7 NI
SOIBIERGED) g2 NIN
ssspdejug Buiupy Josolwouco3 zzy NI
Bureeubug swesSaulN Lz NI

swajsAg suliy || dnoig

uoiesibe ] pue jusueBeLe\aul\ GLY NIN
Buvlenirgsuiy #L1 NI
SBUI Ul
uorEBWINIBUY | pLe juewdinb3 poupe|3 €1y NI
SSUIN
Ul |01JU0D PUE UOIN|I0d BILBWIUOCIIAUT ZLY NIA
UOIR|USA BUIA| PROLBADY LT NN
uawuonu g aul |y | dnoio

ONIRIIINIONT ONININW

(dnosbearo Ae wiolyeey Auy)
syalgng |euondo

e

ubse (JauI PLe SOILEYoBLICeS) /0 NIN

SPEZEH BJUBLUUO.IAUT PUE UOIR|NUBA BUIA 90F NIN
BulpLeH eLeR | pue ABuiyoe|y BUlLIN GO NI
s}s0ce g eeull jo uoreloldx3 yor NI

sysod

90 ERUIN Jo Jwewdopr Q pue ABojoes) Bululiy €0v NIN
juewebete\ Bulkeubug Zov O |

spalgns Auos|ndwo)




MININGENGINEERING

ENGINEERING MANAGEMENT

IC 402

(See page 13, subject 1 C 402)

MINING GEOLOGY AND
DEVELOPMENT OF MINERAL
DEPOSITS

Group A

Physical geology, petrology—sedimentary, igneous and
metamorphic rocks Basic principlesof stratigraphy. Structurad
geology—faults, folds, joints, etc. Process of mineral formation.
Classification of minerd deposits.

Mode of occurrence, distribution and origin of important
metalic and non-metdlic minerdsindudingfuel mineras.

Prospecting and exploration of mineral deposits—
geologicd, geophysica and geochemica methods, groundwater.
Geologicd documentation for mineplanning

Group B

Introduction of mining technology, classification and
propertiesof explosivesand blasting assessories. Mechanicsof
rock breaking—drilling and blasting, Blasting practices. Blast
vibrdion monitoring

Mine entries—types, location, otientation, etc. Primary and
secondary development underground. Shaft sinking—
conventiond and specid methods. D egping and widening of
shafts tunneling

Recommended Books

RN P Arogysswamy. Coursesin Mining Geology. Oxford
& IBH Publishing Co. (P) Ltd., New Delhi.

P K Mukherjee. A Text Book of Geology. World Press,
Kolkata

L JThomasMahuen. An I ntroduction to Mining Audrdia

D JDeshmukh. Elementsof Mining Technology. Vidyssewa
Prakasan, Nagpur.

EXPLOITATION OF MINERAL
DEPOSITS

Group A
Methods of working coal by pillar mining methods—
applications, layouts, development and extraction by partidly
and fully mechanised methods, Longwal mining methods.
Influenceof depth, seam thickness, indingion, etc. Continuous
mining.

New deveopments and speciad methods of mining thick
seams, support of roadways and face supports. Power support.
Hydraulic stowing Subsidence and stratacontrol.

Group B

Methods of development and stoping metaliferrous
deposits—open stopes, filled stopes, shrinkage stopes and
caving methods. Handling of ore and waste materids. Stope
mechanisation.

Opencast methods of mining—opening a pit layout.
Development and design of benches, drilling, blasting, loading
and transport. Continuous mining systems. Placer mining
techniques.

Recommended Books

R D Singh. Prindplesand Practicesof Modern Cod Mining

New Agelnterndiond (P) Ltd., New Ddlhi.

D JDeshmukh. Elementsof Mining Technology: Vidyasewa

Prakasan, Nagpur.

E Pfleider. SurfaceMining SVIE/ AMIE Publications, USA.

SK Das Modern Cod MiningMethods. Lovely Prakashan,
Dhanbad.

MINING MACHINERY AND
MATERIAL HANDLING

Group A

Principlesand basic design features of mechanical, hydraulic
and pneumatic power transmission. Transport machinery—tope
haulage, locomotive, conveyors, their basic construction,
operation and sfety devices,

Hoisting system—system components, duty cvcle, torque
time and power time diagrams. Drum and friction winders.
Mining pumps—basic construction and operation. Pumping
system in underground.

Group B

Electric, pneumatic and hydraulicdrills. Cutting, loadingand
winning machinery for underground mines. Longwdl and open
cast mining machinery. Aerial ropeways—classification,
construction and operdions.

Principlesof hydraulic and pneumaic conveying Storage
and reclamation of bulk materids. Developments in bulk
materidshandling technology.

Recommended Books

D JDeshmukh. Elementsof Mining Technology: Vidyasewa

Prakasan, Nagpur.

M A Ramlu. Mine Hoigting Oxford & IBH Publishing Co.

(P)Ltd., NewDelhi.

RD Singh. Prindplesand Practicesof Modern Cod Mining

New Agelnternationd (P) Ltd., New Delhi.
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MINE VENTILATION AND
ENVIRONMENTAL HAZARDS

E ADVANCED MINE VENTILATION

Group A
Heat and humidity in mines. Climate control and
arconditioning. Mine illumination, noise and its control.
Mechanicsof arflowin mines distribution of arflow Naturd
and mechanicd ventilation.
Fan—theory, characteristics, laws and selection of fan
instdlation, series and pardld configuraion. Auxiliary and

booster ventilation. Ventilation survey and instruments.
Ventilation planning and layouts, network andysis

Group B
Mine gases—properties, detection, physiological cffects,
monitoring. Methane layering and methane drainage. Mine
dust—physiological effects, monitoring and control.
Spontaneous heating and mine fires. Firedamp and cod
dust explosions. Mine inundation, Rescue and recovery.
Occupdiond hedth.

Recommended Books

V SVutukuri and RD Lama Environmentd Engineering
and MineVentilation. Cambridge University Press

M A Ramlu. Mine Disasters and Mine Rescue. Oxford &
IBH Publishing Co. (P) Ltd., New Delhi.

GEOMECHANICSAND MINE
DESIGN

Group A

Physico-mechanica properties of rocks and soils.
Deformation characteristics and time dependent behaviour of
rocks. Rock massclassification.

Sressandysisand theoriesof radk failure. Sressdigribution
around mineopenings. In-situ stress and deformation measure.

Group B
Design of pillars, support design for mine roadways.
Mechanics of cavingand support design for longwd | workings.
Rock slopedesign and design of pit layout, introductionto
finite element methods.
Recommended Books
A RJdumikis Rock Mechanics Trans Tech Publication.

S S Perg and H S Chiang. Longwal Mining. Wiley
Internationd, New York.

Group A

Climate control: Psychrometry, mixing of air flows,
hygrometric surveys. Hea stressindices Heat load sourcesin
mines—estimation. Geothermal heat transfer. Design of air
cooling systems: refrigeraion, cooling towers, spray chambers,
and cooling coilsfor heat exchange.

Dynamicsof air flow: Turbulent flow distribution through
rough pipes. Frictional losses. Shock losses—estimation for
bends, areachanges, splitsand junctions. Draglosses. Plotting
of pressuregradientsfor pipeflow.

Group B

Ventilaion networks: Series and pardld systems Concept
of boostersand regulatorsfor flow control. Theory of network
analysis: incidence, fundamental, and cut-set matrices. Hardy—
Cross iterative procedure. Controlled flow networks—Ilinear
programming and CPM applications. Recent devdlopmentsin
mine ventilaion.

Ndurd ventilation pressure Fan and system interaction,
fansin seriesand pardld. Dust control in underground workings.
Controlled recirculetion.

Recommended Books

G B Misra Mine Environment and Ventilation. Oxford
University Press, Kolkata

H L Hartman, et d. MineVentilation and Air-conditioning.
Wiley I ntersdence, New York.

J Burrows, et d. Environmentd Engineering in South
African Mines Mine Ventildion Sodety of South Africa

ENVIRONMENTAL POLLUTION
AND CONTROL IN MINES

Group A

Atmospheric considerations. Basics of meteorology,
atmosphere, ozonelayer, and green houseeffect. Contaminant
dispersion, plumes from chimney, Gaussian plume dispersion,
and isokinetic sampling Point, line, and area sources of
contamination. Sgnificant ar pollution parameters, CPCB and
NEERI norms, effects, assessment, and sources. D ust control
in mines, mills, and haul roads.

Aquatic system: Water cycle. Water qudity parameters,
standards, measurement, and instrumentation. Heavy metd
pollution, acid minedrainage, and sediment loading frommine
effluents—problems and control options. Tailing dams—

construction aspects and environmenta management. Basics
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Group B

Aspectsof land: Soil propertiesin relation to plant growth.
Top sail. Soil conservation. Redamation and revegetdion: desgn
of overburden and waste dumps, and embankments. Erosion
control and dope stability. Soil amendment schemes Plant
species—suitability and selection. Alternative land uses. Use of
flyash in minereclamdion.

Miscdllaneousfactors Noise control and ground vibrations.
Issuesin thepreparation of EMP/ EIA. Legisdionreatingto
environmentd protection. S0 14000. Visud impact due to
mining Environmenta economics and auditing.

Recommended Books

Khanna Books (P)Ltd., New Ddhi.

C S Reo. Environmentd Pollution Control Engineering
New Agelnternaiond (P) Ltd., New Delhi.

CG Down and JSocks Environmentd Impact of Mining.
Applied SciencePublishersLid., London.

ELECTRICAL EQUIPMENT AND
INSTRUMENTATION IN MINES

Group A

Mine power supply: Choice of voltage in surface and
underground supply; tarift computation; Mine cables—
construction, instalation, fault location; Gae end boxes and
switchgeers, Earthing methods; Protective devices; Overload,
undervoltage, earth leakage, DC supply—rectifiers, storage

bdteries.
Electrical equipment: Mining transformers, lighting

transformers; AC and DC motors—speed torque characteristics,
starting, braking speed control; Drivesfor haulage, ventilation
fans, pumps, compressors, dectric locomotives, winders;
Intreduction to thyristor devices; Flame-proof and intrinsic
sddy.
Group B
Control and instrumentation: Open- and cosed-loop
systems, remote control, sequence control, winder control,
control of open cast mineequipment; Sensorsfor measurement
of variousoperationd, environmenta and sfety parametersin
underground and open cast mines.

Communication and daa trensmission: Mine telephone
systems; Signalling systems, local area network (LAN)—FOLAN,

Recommended Books

.. DV SMurty. Transducers and I nstrumentation. Prentice-
Hall of India (P) Ltd., New Ddhi.

. A Ambikapathy. Automdic Control Systems KhannaBook
Publishing (P) Ltd., New Delhi.

. P S Bimbhra. Electricd Machines khannabooks.com

. O P Gupta. Elements of Environmenta Pollution Control.

Khanna Book Publishing Co. Ltd., New Ddhi.

PK Chakrabarti. Electricity in Underground Cod Mining
CMPDIL, GondwanaPlace Ranchi.

Nenad Marmovic. Electrotechnology in Mining Elsevier
SdencePublishers, Amsterdam.

MINE SURVEYING

Group A
Chain surveying, Compass-miner’s dial. Contouring—
characteristics, methods, uses. Leveling instruments—dumpy,
tilting, and automaticlevels. Leveling procedures booking Plane
table surveying—methods and uses. Theodolite—different
parts, horizontd and verticd angle messurements. Temporary
and permanent adjustments.

Traversing—co-ordinate systems, problems, calculation of
areas and volumes plotting, triangulation. trilateration.
Tacheometry. EDM—principles of EDM and its applications.
Gyrotheodolite—description and applications. Theory of errors.
Totd dation.

Group B

Correlation through underground and surface surveys.
Measurements of depth of shaft. Curves—elements of curves,
types, methods of setting out. Stope surveying—rtape
triangulation, instrumenta survey, transfer of stope plan to
mineplan, stringtraverse Subsidence surveying Shaft surveying,
boreholesurveying.

Open pit surveying. Prindples of photogrammetry. Field
agronomy. Mineplansand projections Statutory requirements
GPSand introduction to remote sensing
Recommended Books

.. David Clark. Plane and Geodetic Surveying Constable &
Co., London.

.. T PKanetka and SV Kulkarni. Surveying and Levelling
PuneVidyarthi GrihaPrakashan, Pune.

.. A Beniger and S Raymond. Surveying ELBS Longmen
Ltd., UK.

.. E A Winniberg Metdliferrous Mine Surveying. Mining
Publications Ltd., London.

.. JG Olliver and JClendinning Principlesof Surveying Van
Nostrand Reinheld Co., UK.

MINE MANAGEMENT AND
LEGISLATION

Group A
Concept of management, concept of system, production
system. Orgenisation structures, span of control, number of
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levels and management functions. Production economics—
kinds of codts, evdudion of capitd investment and capitd
budgeting Breek even andysis

Human factor engineering—methods, analysis and work
measurement, method study. Time study—types of studies

and procedures.

Materials management—purchasing, distribution and
inventory control. | nventory concepts, typesof inventoriesand
thar reldivecosts

Group B
Development of mininglegidation. Principa provision of
Mines Act, MinesRules.

Cod and metdliferrous mine regulations and their
interpretation.

Indian Electricity Rules, Mines Rescue Rules, and other
related rules. Mine accidents—reports and records. Accident
investigation and anaysis. Disaster management.
Recommended Books

H Koontz and H Weihrick. Essentids of Management.
McGraw-Hill I nternationd.

D D Seth. Encyclopedia of Mining Laws. Law Publishers
(1) Pvt. Ltd., Allahabad.

SK Das MineManagement, Legidation and Generd SHfety.
Lovely Prakashan, Dhanbad.

E SBuffaand RK Sarin. Modern Production/ Operation
Management. John Wiley Internationd.

MINE SYSTEMSENGINEERING

MN 421

Group A
Introduction to systems engineering System concept and
andysis Tools and methodologies of Operations Research.
PERT/ CPM, resource dlocation, crashing of network,
monitoring and control of projectsthrough network.
Introduction to linear programming: Graphicd and smplex
method, dudity, sensitivity andysis. Transportation and
assignment modes Integer programming.
Group B
Introduction to queueing theory. Basicgrudureof queueing
models. Single channel-single server and other queueing
models. | nventory system and models. EOQ and different
inventory control systems. ABC andysis. Replacement of capital
equipment.
Introduction to smulaion, scopeand limitation. Smulation
of different mining subsystems and totd system. Monte Carlo

simulation for discrete systems. Some mining—oriented
illustrations.

Recommended Books

H A Taha OperaionsResearch: An I ntroduction. Prentice-
Hdl of India (P) Ltd., New Dehi.

Narsingh Deo. System Smulation with Digita Computer.
Prentice-Hall of India(P) Ltd., New Dédhi.

JD Wist and F K Levy. A Management Guideto PERT/
CPM. Prentice-Hd| of India(P) Ltd., New Ddhi.

JK Shama OperaionsResearch: Theory and Applicaions.
Macmiillan IndiaLtd., New Ddhi.

ECONOMICSOF MINING
ENTERPRISES

Group A

Prindples of micro end macro economicsand thegpplicaion
of econometric techniques in mining industry. Minera
statistics—national and global. Important mineral deposits and
minefiddsin India

Theory and importance of sampling, different methods of
sampling, classification and estimation of reserves Computation
for tonnage average assay width, stoping width, dear width,
millingwidth, eic. Geostdisticd techniquesof computation of
reservesand qudity.

MN 422

Group B

Financid appraisd methods, NPV, IRR, etc. Risk andysis
for miningprojects Vauation of minesand minerd properties

Methods of financing industria enterprises. Congtitution
and organisation of enterprises Mineproductivity, costing; cost
accounting and budgetary control in mines Taxation, profit
and loss accounts, balance—sheet.
Recommended Books

K K Chatterjes. An Introduction to Minerd Economics.

New Agelnternationd (P) Ltd., New Delhi.

P Chandra Fundamentasof Financid Management. Tata

McGraw-Hill Publishing Co. Ltd., New Delhi.

RK Snhaand N L Sharma Minerd Economics. Oxford
and IBH Publishing Co. (P) Ltd., New Ddhi.

GEOSTATISTICS

Group A

Introduction to minera exploraion, estimaion of ore
reserves, different methods of reserve estimation— geometrical,
distance weighting and geostatistica methods, review of
geostatistical concepts—spatial statistics and their application in
reserveestimdion.

Review of basic staistics in minerd appraisd, dassicd
statistics—normal and lognormal distributions and their
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applicaions in reserve estimation, grade-tonnage curve;

Corrdaion and regression, auto-covarianceand autocorrdation;

Theory and methods of sampling—diill hole compositing.
Group B

Theory of regionalized variables, variogram,
semivariogram—sill, range, nugget effect, properties of
variogram—isotropy, anisotropy, vatiogram models—linear,
spherica, exponentid, gaussian.

Kriging: Point kriging—kriging system of equations, kriging
estimation variance, blodk kriging, gpplications of kriging in
reserveestimetion.

Recommended Books

Elementsof Minerd Explordtion. Indian Bureau of Mines,
Nagpur.

JM Rendu. An | ntroduction to Geostatisticd Methods of
Minera Evauation. South African Ingtituteof Miningand
Metdlurgy.

E H lsagks and R M Sivastava Applied Geostdtistics.
Oxford University Press, New Déelhi.

QUALITY, RELIABILITY AND
SAFETY IN MINES

Group A

Thequdity aspects, functiond responsibility for qudityina
meanufacturing system, economics of qudity assurance, qudity
control. QC decision variables Processcontrol. Control charts.
Acoeptance sampling, single, double and sequentid sampling
plans concept of Totd Qudity Management (TQM).

Introdudtion to riability concepts, badic atistics, probability
distributions in reliability evaluation—exponential, normal,
lognormal, and Weibull—failure rate, reliability function,
application of rdiability in mining system.

Network modelling concepts in reliability engineering—series
system, pardld system, series-pardld system, partialy redundant
sydems, network modeling of mining systems, reiability
evdudion of mining equipment.

Group B

SHetyin Indian miningindustry, accident database, acddent
analysis—cause of accident, nature of injury, severity of injury,
measures of accident rates—frequency rate, severity rate,
regulatory meesuresof accident prevention, proactivemeasures
of acddent prevention.

Basic conoept of risk. Risk andysis and mine accidents,
hazard tree, fault treeand event treeanaysis, systemsgpproach
in minesafety, development of safety engineering gpproaches,

human behaviour in mine accidents.

Recommended Books
R Billinton and R Allan. Reliability Evaluation of
Engineering Systems. Pitman BooksLtd., London.

D B Brown. SystemsAndysisand Design of SHfety. Prentice-
Hdl of India (P) Ltd., New Dehi.

D SGloss and M G Wardle. Introduction to Safety
Engineering. John Wiley and Sons, New York.

S C Sharma & M P Poonia. Total Quality
Managment. khannabooks.com

MINE MANAGEMENT AND
LEGISLATION

(See page 82, subject MN 415)

ADVAN CED
ROCK MECHANICS

Group A
Rock straa characterizion: Geologica structuresin rock
mass, characteristics of rock mass, joints in rock mass, joint
survey techniques rock mass cdassification systems Methods

of determindion of drength and deformability of rock and
rock mass, fallure ariteriafor rock and rock mass.

Strata mechanics and ground movement—design of
underground excavation in competent and incompetent rock,
ground movement and control, rock burst theories of
subsidence, subsidenceprediction and control. Ground control
and stabilization .

Group B

Theories of elasticity—propagation of elastic waves in rock
medium and dynamicbehaviour of rocks. Factorsinfluencing
stress concentration, zoneof influenceof an excavaion, effect
of planesof weaknesses and shape of excavation, ddinearisdion

of zone of failure. Instrumentation—monitoring instruments,

their operation and instalation.

Finite element method and boundary dement method, their
gpplication for stability andysis of excavation and dopes.
Recommended Books

A RJumikis. Rock Mechanics Trans Tech Publications

R H Brady and E T Brown. Rock Mechanics for

Underground Mining Allen Kuwin, London.

C SKrishnamurthy. Finite Element Andysis TaaMcGraw-
Hill Publishing Co. Ltd., New Delhi.
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ADVANCED METHODS OF
MINING

Group A

Recent trend of mechanisation in bord and pillar mining,
longwall mining. Mining of thick seams—methods and design
consideration for exploitation of thick seam by indined dicing
and integraed caving, specid methods of miningwith reference
to Indian conditions, savage operaions in longwdl mining;
hydraulicmining

Advanced metal mining—blast hole stoping, raise stoping,
pillar recovery. Dilution, loss and recovery in stoping, stope
design and production planning Design and construction of
specid underground excavations. Mining in rock burst prone

areas. Novel and innovating mining methods—Ileaching

methods.

Group B

Orebody modding Pit geometry, determination of ultimate
pit configuration—different methods. Production planning and
cadendar plan for mining programme. Equipment sdection,
design of haul roads.

Inpit crushing and conveying systems. Bucket wheel
excavator—genecral applicability and fundamentals of operation,
Crosspit conveying and high angle conveying.

Dump formation, types of waste dumps—internal and
external. Dump formation method and corresponding
equipment. Dump stability, stabilization methods and
monitoring.

Recommended Books

P Pfleder Eugene SurfaceMining SME AMIE Publication,
USA.

G B Misra. QurfaceMining Oxford & |BH Publishing Co.
(P) Ltd., New Delhi.

RD Sngh. Prindplesand Practicesof Modern Cod Mining
New Agelnternationd (P) Ltd., New Ddhi.

H L Hartman. I ntroductory Mining Engineering John Wiley
and Sons New York.

ADVANCED METHODS OF
MINING

Group A
Principles of mine planning, short range and long range

planning and their integration. Strategic planning. Preliminary
evduation of minerd deposits. Stages of planning, feasibility
study, detailed project report, their preparaion. Mine planning,
scheduling, monitoring and control. Application of network
andysis. Economic productivity indicesand estimation of cost
and profit.

Theoreticd consideration for opening up and development
of minefield. Division of minefidd and areas. D etermination
of optima output, life and size of mine. Design of unit
operations. Equipment sdection, planningand control.

Group B
Pit top and pit bottom layout. Planning of power, workshop
and surface bulk materia handling systems. Planning of layout
of waste and overburden dumps. Mine amalgamation,
regtructuring, reconstruction planning Post mining land use
planning and mine closure planning

Mechanism of rock breakage and fracture. Rock
fragmentation by explosiveaction, cutting, ripping and impacts.
Principles of excavating machines—road headers TBM’s, bucket
excavaors, etc. Excavated materid handling systems. Flow of
materidsin binsand design of chutes Mechanicd and hydravlic
transportaion of ores and materias.

Recommended Books
SP Mathur. Cod MinePlanning and Design. GegtaBook
Store, Bilaspur.
R D Sngh. Prindplesand Practicesof Modern Cod Mining
New Agelnternationd (P) Ltd., New Déhi.

H L Hartman. Mining Engineering Handbook. SVIE AMIE,
Littleton, Colorado, USA..

JBhdtacharya MinePlanning Allied PublishersLtd., New
Ddhi.

MINE SURVEYING

(See page 82, subject MN 414)

MINE MANAGEMENT AND
LEGISLATION

(See page, 82, subject MN 415)
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PRODUCTION ENGINEERING

TheBirth of aN ew Concept

Perronet (1708-94), who made
extensive time studies on the
menufactureof brasspins, was apioneer
in production engineering. However, the
concept of mass production started with
massiveprojectsembracing theeffidency
of men, materids and organisation. H.
R. Tonna (1884-1924) inddled dectric
hoigts, testing machines and cranes for
quality production and reported his
experience in a paper, read in 1886, on
‘the Engineer as Heconomist’ with an
eloquent plea for the marriage of
production and management. F W Taylor
(1856-1915), a consultant on ‘efficiency
engineering’, demonstrated that the
capabilities of both men and machines
could be measured, and by doing so,
employeremployeerelaionship could be
improved. After he published his
Principles of Sdentific Management in
1911, psychologists and engineers
reinforced his findings. Current
devdopments in cost accountancy and
dlied aress have been the extension of
his concept.
T he Pragmatic Approach to
Transdiscipline

Advent of the machine age, backed
by dl-pervading scientific idess, brought
in new dimensionsin technology ushering
wdfareto mankind. Pragmatic atention
to the area of Production Engineering
gtarted nucleeting only since the ealy
decadesof thiscentury when Fredrick W
Tayor lad thefoundation of production
studies. He gave birth to the concept of
‘Production Engineering’ by coupling
‘Scientific Management’ to ‘Man-Machine’
unit with a sdientific atitude deve oped
through a deep study of physica and
natura sciences. Taylorism spread inthe
early twentieth century so much so tha
even V. |. Lenin urged introduction of
thesystemin Russiain an aticlein Pravda
on April 28, 1918.
Confronting the | ndust-real World

Henry L Gantt utilised graphs and
charts to andyse variaions in sdes and

production and Carl G Barth developed a
production diderule. Another significant
devdopment wastime and motion study,
made by Frank B Gilbreth and his wife,
published in abook Mdicn Studyin 1911.

The complex menufacturing system
involving planning and timedy execution
demanded making decisions based on
mathematicad models. This led to the
emergence of operationa research. This
existed in rudimentary form even during
thefirst world war when F W Lanchester
and Edison wrote a memorandum on
military and navd maiters. However, the
continued efforts of Prof JD Bernd, Sr
S Zuckerman and J B Conant brought
operdiond research to prominencefrom
1940.
Production Engineering—The
Movement in | ndia

Production enginesring asaspecidised
and integrated dective group within the
generd fedtureof mechanica engineering
was
introduced in the curriculum of Jadavpur
University by thepionesringeffort of Lae
Prof G C Sen, who was adirect disciple
of Late Prof Arland and Late Prof O W
Boston. Subsequently severd institutions
started similar programmes. Findly the
first full-fledged degree course in
production engineeringwasstarted in the
Birla Ingtitute of Technology, Ranchi.
Since then a number of similar such
progranmes ae now run in different
engineering institutions, of which the
Production Engineering D epartment of
Jadavpur University started in 1978
remansin thelead.

Engineering That Cuts Across
Every Discipline

It is a multidisciplinary integrated
study dedling with the process,
methodologies and management for
transforming and trans-shaping
technologicdlyagiven s of inputsinto
aset of desired and dedicable outputs
baeed on synergic conceptsthroughthe
optimum utilisation of human
resources goodsand services

Produdion Engneeringcoordinaes
search for knowledgein raiond manner
autting across the entire spectrum of
integraed
management and processing activities
to atain optima economic objectives
of sufficiency It laysdown adisciplined
use of strategies for increased
productivity with ensured qudity and
quantity.

Praduction means ‘actions’ to meet
themderid needsof theprimedement
—the man —of the society at right place
and right point of timefor meaningful
sustenanceof life Technologyismerely
the tool for such actions. The
multidimensional needs are only
supported by the various engineering
disciplines for food, habitat, clothing,
environment, energy and
communication. Production
engineering is thus the thread of the
gatland of flowers — agricultural, civil
and architecture, mechanicd, dectricd
and électronics metalurgy and mining,
chemicd and environment, textile,
computer and telecommunications,
mearineand such otehrs.

Another variation of thisprogramme
has, sometime back, been introduced at
1T, Kharagpur and thisencompassesthe
specidizdion character of production
engineering in the new semantics of
‘manufacturing science’. A branch of
preduction engineering hasd so emerged
as ‘industrial engineering’ which covers the
management aspects of production
engineering, including OR, graph theory,

[EI EXAMINATIONS
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PRODUCTION ENGINEERING

14
o

=

§ ENGINEERING MANAGEMENT ; DESIGN OF MACHINE TOOLS

= o

(See page 13, subject 1 C 402) (See page 66, subject MC 424)

x CONTROL

(See page 61, subject MC 403) Group A

§ I ntroduction: Functions and responsibilities of inspection

MANUFACTURING AUTOMATION and product control department, organisation personnel—ob

(See page 68, subject MC 434)

E PRODUCTION MANAGEMENT
o

(See page 69, subject M C 435)

E MANUFACTURING TECHNOLOGY

oo

(See page 62, subject M C 406)

S DESIGN OF MACHINE
> ELEMENTS

(See page 62, subject MC 407)

MANUFACTURING
SCIENCE

(See page 67, subject MC 431)

COMPUTER AIDED
MANUFACTURING

(See page 68, subject M C 432)

TOOL AND
DIE DESIGN

(See page 68, subject M C 433)

specificdionsand ingpedtion traning progranme.

Product and component specifications: Purpose, types of
specifications, drawing up spedfications, specifying tolerances,
designations of criticd dimensions, tolerance build ups in
assembly, revision of specificdions

| nspection planning: Egablishingtheacoeptablequdity leve,
control charts process capability.

Measurements and gauging: Nature of measurements,
sensitivity and precision of measurements, limit gauging, gauge
types and their use, Taylor’s principle, wear allowance, gauge
makersdlowance, quideinesfor thesdection of fits, 1 S0 system
of limits and fits.

Dimensional measurements: Linear measurements,
principles of sdlection and operation of linear measuring
ingruments. Compardors, interfferometers, use of lasers in
messurements.

Group B

Angula and profile measurements: Measurement of taper,
cdibration of circular dimensions, optica instruments for
angular messurements, auto collimator, meesurementsof screws
andgears.

Measurement of surface roughness: Surface properties,
methods of surfacefinish measurement and andysis, roundness
assessment, surface roughness messuringmachines; operation
and selection principles.

Messuring machines: Prindplesof automated and inprocess
inspection, mechanicd, hydraulic, opticd, dectromagnetic, and
électronicdevices. Generd prindplesof sdlection and operdion
of measuring machines, co-ordinate measuring machines
(CMM).

Non-dedtructivetesting and inspection: Introduction, scope
of applications. Methods of non-destructive testing and their
selection, magnetic particle inspection, X-ray examination,
Gamma radiography, ultrasonic inspection of flaws in

[EI EXAMINATIONS




menufactured parts dedricmethod, dampingtest, non-megnetic
methods.

Interchangeability and selective assembly—their role in mass
production.
Recommended Books

W Grant and E L Grant. Handbook of Industria
Engineering and Management. Prentice Hdl of India(P)
Ltd.,New Delhi.

R K J&n. Engineering Metrology. Khanna Publishers (P)
Ltd., Delhi.

K JHume. Engineering Metrology. McDonad & Co.

| C Gupta Engineering Metrology. Dhanpat Ra & Sons,
Delhi.

FACILITY PLANNING, DESIGN
AND MAINTENANCE

Group A

Introduction. Facility planning, design functions and scope.

Facility location. The supply distribution system, location
strategy, nature of location decision, location evauation
methods, sinde or multiple fadility locations, choice of a site
within aregion, network location problems.

Design of plant or facilities. Factors in thedesign of plant
or fadlities, materidshandling and facility design layout.

Fadility layout. I ntroduction, planning thelayout, adventages
of agood layout, andysis of alayout problems, patterns of
flow, activity relaionship chart-from-to-chart, layout procedures
Nadler’s ideal systems approach, Immer’s basic steps, Apple’s
plant layout procedure, systemdtic layout, planning, flow and
activity andysis.

Types of layouts—tfixed position layout. Product layout—
line baancing methods, process layout, layout of work aress,
group technology based layouts, layout problem and the
assgnment model.

Group B

Applications: Generd layout problemsin storage, receiving
and wearehousing. Facility services and nonmanufacturing
applications, computerised layout planning and evduation
(CRAFT and CORELAP), policy for location and layout of
storage system.

Maintenance of fadlities and equipment: Maintenance
policies, daacollection and andysis, periodic maintenance totd
preventive mantenance, the maintenance unit, duties and
planningfor the routinemaintenance programme, mantenanoce
in operation, repar and replacement.

Recommended Books
A Muhlemann, JOgkland and K Lockyer. Produdtion and

OperdionsManagement. Macmillan Indialtd., New Delhi.

D R &ule Manufacturing FadilitiesLocaion, Planningand
Design. Sandard Publishers & Didributors, Delhi.

SN Chay. Production and OperationsManagement. Tata
McGraw-Hill Publishing Co. Ltd., New Ddhi.

PROJECT MANAGEMENT

PR 422

Group A

Introduction. Elementsof project management, feasibility
endysis, detaled evauation of projects, andysis of technica
feasibility, messurement of cost and benefit, cost/ benefit
andysis.

Planning and scheduling networks. Arrow diagram, dummy
activities, activity-on-node diagram, Fulkerson’s numbering
dgorithm, findingthecriticd pah.

Criticd path andysis. Job dack, early start and early finish
times, lategtart and laiefinish times, tota and freedadk, project
due dae and earliest completion time, scheduling from a

network, time costing methods—examples and applications.
Lowest cost schedule

Group B

The PERT model. Introduction, PERT? event otientation,
PERT assumptions Theproblemof uncertanty, expedted times
vaiability of activity times, expeded length of criticd pah,
probability of project completion by agiven duedate, PERT/
codt. A network cost acoounting system.

Network scheduling with limited resources. Heuristic
methods for resource scheduling, resource levelling program,
resourcedlocation program.

Modificationsand extensonsof network modes Precedence
network and agorithms, effect of job splitting, decision
networks, introduction to probabilistic networks.
Recommended Books

JD Weist end F K Levy. A Management Guideto PERT/
CPM. PrenticeHdl of India(P) Ltd., New Delhi.

SN Chary. Production and Operdions Management. Tda
McGraw-Hill Publishing Co. Ltd., New Ddlhi.

8

E QUALITY MANAGEMENT
o

Group A
Introduction. Higtorica background, qudity assurance totd
qudity assurance system, training and documentation, qudlity
movement in India

. RULES& SYLLABI




Sandardisaion for qudity. Standardsfor qudity, standards
and qudity objectives, qudity levelsand qudity grading, nationa
system of standardisation, | SO qudity system and interndiona
certification.

Quadlity management. Management tools, afinity diagram,
relaion diagram, treediagram, matrix diagram, arrow diagram,
meatrix-dataanaysis. Totd Qudity Management.

Quadity cirdes. I ntroduction, qudity circle operation, steps
to sustain qudity drdeadtivities.

Qudity audit. Purpose and requirements of audit, audit
methods, guiddines for system audit.

Control charts and proocess capabilities. Theory of control
charts, control charts for variables, process capabilities and
spedification, control chartsfor atributes vaioustypesof control
chartsand their goplications.

Group B

Sampling ingpection. Ingpection of attributes, aim of a
sampling method, acoeptance sampling. OC curves, singleand
multiple sampling plans and methods, sequentia sampling,
average outgoing quality, comparison of OC and average
outgoingqudity approaches.

Process design and improvements. Need for planned
experimentation, planning for experiments, response surface
methods, standard experimentd designs, concurrent design,
Taguchi method, tolerance design.

Reliability engineering Qudity and reliability, achieving
reliability, redundancy, reliability prediction, fault treeandysis,
worst case andysis, step stresstesting, failure modes, effectsand
criticdity andyds lifecharateristics, design reviews
Recommended Books

M N Murthy. Excellence through Quadlity and Reigbility.

Applied Statistics Centre.

. M P Poonia. Total Qudity Managment.
khannabooks.com. Khanna Book Publishing Co. Ltd.

OPERATIONS RESEARCH

PR 424

Group A

Introduction: Origin and naure of operations research,
impact of OR on industrid decision making

Linear optimization models: Problem formulation and
solution procedures, smplex method, tabular form of smplex
method, trangportaion and assignment problems gpplications,
dudity and sensitivity.

Network models, Shortest route dgorithm, critica path
scheduling.

Theory of games: Competing situation. Two—person zero-
sum games.

Group B

Dynamic optimization modds: Principle of optimdity,
gpplication examples.

Integer programming: Solution techniques (cutting plane
agorithm), gpplication examples.

Introduction to non-linear programming. Optimization
with non-linear objective function with and without constraints
(smple examples).

Queuing modds Taxonomy of queuing models, finiteand
infinite queues, single server modd with Poisson input and
exponentid service. Applications

Neurd networks: Fundamentds, scope of goplication,
different types' categories.

Recommended Books

H A Teha OperdionsResearch: An Introduction. Prentice-

Hdl of India (P) Ltd., New Ddhi.

J K Sharma. Operations Research: Theory and

Applications.Macmillan IndiaLtd., New Ddhi.

H M Wagner. Principles of Operdtions Research with

Applicationsto Managerid Decisions Prentice-Hd| of India

(P)Ltd., NewDelhi.

WORK STUDY AND
ERGONOMICS

Group A

Intreduction. Scopeof motion and time study, productivity
and work-study.

Method study. Various tools used in method andysis,
recording techniques, charts and symbols, operation process
chart, flow processchart, two-hand processchart, multipleadtivity
chat.

Motion economy. Rules for motion economy (related to
useof bady, arangement of work place toolsand equipment,
elc.).

Method development. Tools, work simplification
programme.

Micro motion study. Fundamentd hand motions, micro
motion study equipment, simo chart and memomotion study.

Work measurement. Concept and theory of work
measurement.

Time study. Timing of work dements, error in time study;,
operdion shests.

Work sampling. Theory of work sampling, determination
of standard time.

Group B
Seandard time. Performance raing systems, objectiverating,
rating of skill and effort, synthetic rating, rating factor and

|EI EXAMINATIONS | “




dlowances, computation of standard times, examples and
applicdions.

Predetermined motion time systems. Motion time
measurement (MTM), development of MTM, gpplication
methodology, smplified MTM.

Work factor. Work factor system, principle and variables,
introduction of work factor, comparison with dementd time
steandards.

Jbob evduation and merit rating Job evauation methods,
selection of evaluation plan, job rating, merit rating—types and
methods.

Wagesand incentives Red and moneywages, incentivetypes
incentiveplans, incentivesfor indirect Iabour, operaing cost of
incentive schemes,

Ergonomics. Introduction and scope, human abilities,
human factor considerations, machine systems, measurement
of human performeance, design condderaionsfor man-machine
systems, ergonomics and work study.

Recommended Books

SDaeda Elementsof Work Sudy. andard Publishers &
Distributors, Delhi.

E W McCormick. Human Factorsin Work Design.
Prentice-Hdl of India(P) Ltd., New Ddhi.

of stores, stores management, system and procedures, incoming
materidscontrol, storesaccounting and stock verification, scrap
management, vaue engineering, materias handling and
transportdion.

Group B

Inventory management. Reevant inventory rdded costs,
economic ordering quantity, static risk modd, dynamic-certain
model, cost senditivity andydis, pradtica inventory systems,
system design, safety stock, Q-system, P-system, optiond
replenishment system.

PERT and OR techniques in materials management,
gpplication of computersin integrated materids management
systems maeridsrequirement planning

Vdueengineering Origin, applicationsand impact.

Evaluation of materials management functions.
Orgenisdion, processand criteria | ndex rdtios.
Recommended Books

P Gopalakrishnan and M Sundaresan. Materias
Management—An Integrated Approach. Prentice-Hall of India
(P)Ltd., New Dehi.

. M P Pooma. Total Quality Management.
Khanna Book Publishing, New Ddhi.

Introduction. I mportance of materias management,
definition and scope.

Corporate policy and materids management. Generd
corporate policy, concept of MBQO, make or buy, qudity and
quantity requirements, cost agpedts.

Orgenisation and control. Materias management in overal
organisation, organising materials management, specia
requirements, interdepartmentd relationships, maeriasresearch.

Maeridsplanningand budgeting | mportance, techniques
and guiddlines, budgeting, ABC anaysis, codification and
stendardisation, source sdection.

Purchasing menagement. Credive purchasing, purchase
systems, price forecasting, buying seasond commodities,
purchasing under uncertainty, purchase of capita equipment,
internationa purchasing, import substitution, public buying,
legd aspectsof buying, buyer sdler relationships.

Wearehousing and stores management. Locdtion and layout

Intreduction to Work Sudy. An ILO Publication (I ndian ?ﬂiﬂ%ﬁlﬁ? L‘l\ !L?: g
edition). Oxford & IBH Publishing Co. (P) Ltd., New
Ddhi. (See page 68, subject MC 432)
MATERIALS MANAGEMENT E QUALITY MANAGEMENT
o
Group A (See page 89, subject PR 423)

E OPERATION S RESEARCH
o

(See page 90, subject PR 424)

OPERATIONS PLANNING AND
CONTROL

Group A
Introduction. Operations and operations manager,
meanufacturing and serviceoperations, production/ operations
functionsand the organisation.
Analysis for operations management. Production/
operdions srategy, guidesto cregtingPOM strategy and utilities
trade-off anaysis, moddsin operations management. Break-
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System planning and design for operations. Long range
planning and system design, operationa planning and control,
mearketing considerationsin thedesign of operaions, interface
with personne, finance and engineering, forecasting and long
rangeplanning

Forecagtingmethods. Forecast sbased on subjectiveopinion,
index and averages, stdtistica methods, moving average and
trend forecaster, exponentia smoothing, evaluaing and
controlling the forecasts, information requirements and
forecegting

I ntermediaerange planning and scheduling | ntroduction,
planning horizon, aggregae planning, rules for aggregde
planning, production smoothing, rolling schedules, backlogging
demand, plan development—graphical method, plans with
varying production rates developingdterndiveplans aggregate
planning by linear programming.

Group B

Inventory control: Introduction, independent and
dependent demand, inventory replenishment policies, the
economicorder quantity (EOQ), adapting EOQ tofit thered

situation, sefety stocks.

Production scheduling and job shop control. Economic
production quantity, lot sizing, schedulingwith limited capagity,
facility cydescheduling method, capacitated lot-sizeheuristics,
planning the use of severd productive units, Gantt chartsand
scheduling, despatching and information flow in job shops—
examples.

Multistage production systems: Planning in multistage
systems, capacity planning, materias requirement planning,
master scheduling and MRP-11, J T production systems.

Supply chan management: | ntroduction, revance. Smple
models.

Recommended Books

JO McClan and L J Thomas. Operaions Management.
Prentice-Hadl of India(P) Ltd., New Delhi.

A Muhlemann, JOaklend and K Lockyer. Production and
OperdionsManagement. Macmillan Indialtd., New Delhi.

SN Chary. Production and OperaiionsManagement. Tata
McGran-Hill Publishing Co. Ltd., New Delhi.
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TEXTILEENGINEERING

The Fragile Yarn—Skilful
Achievements

Florance, by manufacturingher own
cloth, became areputed industrid town
in the Fifteenth Century. Growth of
Florance helped development of banking
and academics. Invention of the steem
engine and the spinning machine by
Arkwright helped esteblishment of the
first textile mill in 1771.
Subsequently, Kay’s flying
shuttle and Hargreave’s
SpinningJenny enebled yan to
be produced to keep pacewith
demeand. Crompton imparted
fineness to the yarn and
Cartwright and Harrock
improved spinning. Coal
production also had to be
increased to feed the boilers of
steam engines for the cotton
mills. Benjamin  Gott
established afactoryin 1792to
apply cotton textiletechniques
to thewoollen industry.

Work on the development of
manmade fibre by Edison, Swan, Hyatt,
Stearn, Topham, Cross and Bevan
resulted in the production of viscose” in
1892 by Courtaulds Topham invented
gpinning of such viscosefibres.

Indian Textile—Pride of Centuries

Eveninandient times, Indian textiles
were famous the world over for colour
and qudity. The origin of the
mechanised cotton textile
industry, in India, datesback to
1818 when thefirst cotton mill
wasestablished & Fort Gloder,
near Kolkata. The Swadesi
Moarat engbled the industry
to makerapid strides Smilarly,
the jute industry, a major
fordgn exchange earner, was
born when the first power-
driven jutemill was established
a Rishranear Kolkaain 1859.

The textile industry
occupies a position of pride

amongst organised industries. Mumbai,
Ahmedzabad, Sholapur, Kanpur, Nagpur,
Indore, Madura, Coimbaore, c. arethe
main centres Inthesmall scdesector too,
millionsof peoplelivingin rurd aessare
engaged in the production of textiles.
Indiaearnsaressonableforeign exchange
from export of textile goods. A number

Textile engineering is concerned
with the processing of naturd fibres
(ootton, silk, wool, jute, coir, flax, sisd,
meanila, hemp, etc); synthetic and/ or
man-made fibres (nylon, terylene,
orlon, vinyon, velon, rayon, acrylic, eic.)
and other fibres(madefrom glass, etc.
but not metdlic) in appropriately
designed machinesrdevent to thetype
of fibre(to be processed) to produce
yarns (ply, core and covered), fabrics
for generd and lustrous dothings,
furnishing and decorative fabrics,
padkagngand industrid fabrics, spedd
textile (for usein hospitd, parachute,
filtration, etc.), knitted and non-woven
febrics, ropes, geotextile, ec. The
desgnof textilemachinery, dyeing of
yarn, printing of cloths, production
of garments — all these facets come
under the purview of textile
engineeringto certan extent.

of government departments,
research organisations,
educationd ingtitutions and co-
operaivesareactivayinvolvedto
further the industry. When
Slater’s version of the Arkwright
machinery was set up in Ezekiel
Carpenter’s mill, a maddening
problem developed. One of the
two carding machines began
rolling up fibers into a massive
tandeinstead of ddliveringthem
in a roll for the drawing and
roving machines. Saer uttering
deep sighs was frequently
shedding tears. Those present
asked, ‘Art thou sick, Samuel?’
He explained his problem,
adding, ‘If I am frustrated in my
carding mechine, they will think
me an imposter’. The trouble
was that Pliny Earle’s experience
waswith hand cards, and hedid
not fully redize that adifferent
techniquewas necessary for the

. RULES& SYLLABI
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TEXTILEENGINEERING

§ TEXTILE FIBRESAND TESTING
-

Group A

Classification of textilefibres according to their natureand
origin. Geographicd distribution, growth.

Cultivation, grading, physica and chemicd structures.

Properties and uses of natura fibres such as cotton, flax,
jute, silk and wool.

Brief outline of the process involved in the conversion of
thesefibresinto yam.

Brief outlineof menufacturing processesof important man-
madefibres(rayons, polyamides, polyestersand acrylics).

Chemicd nature of man-madefibres.

Methodsof producing fibres by wet, dry and meltspinning
processes.

Properties and uses of important man-made fibres.

Group B

Sampling techniquesfor testing of fibres, yarnsand fabrics.

Measurement of fibre length and fineness.

Principleand operation of various equipment for measuring
moistureregainin textilemaerids.

Measurement of twist and linear density of yarn.

Evennesstesting of divers rovingsand yans.

Prindplesof operaion of CRL, CRT and CRE tendletesting
mechinesfor fibres, yarnsand fabrics.

Metheds of testing fabric thickness, weight, shrinkage,
diffness, drape, teer resistance, abrasion resistance, bursting
strength, air permeehility and creaserecovery.

Recommended Books
o JE Booth. Principleof Textile Testing. CBSPublishers &
Didtributors, New Delhi.

o WE Morton and JW SHearle Physcd Propertiesof Textile
Fibres Textile | nditute, UK.

o ] E Booth. Textile Mathematics—Vols: 1, 2 & 3 Textile
Ingtitute, UK.

0 Meridith and Heale. Physicad Methods of Investigating
Textiles Interscience Publishing Co., New York.

o B C Goswami. Textile Yan. Mahgan Book Distributors,
Ahmedabad.

o

g ENGINEERING MANAGEMENT g YARN MANUFACTURE
- -

(See page 13, subject 1 C 402) Group A

Mixing, opening and cleaning: Bin mixing and mixing by
automdtic blenders, construction and working of machines of
singleprocess blow-roomline.

Different typesof conventiond feeders openersand deeners.

Use of air currents for cleaning and transportation, blow—
room sequencesfor different natural and man-madefibres.

Carding: Principles and objects. Construction and working
of conventiond revolvingflat card. Settings of various partsof
thecard. Maintenanceof cards Flexibleand metdlic card dothing

Drawing: Objectsof doubling and drafting Construction
and working of conventiond draw frame. Roller weightingand
setting Sop motions, dliver irregularity, drafting wave, roller
dip,etc.

Combing: Objects, construction and working of
conventiond diver lap and ribbon |gp machines and Nasmith
comber, settings and maintenance of comber.

Group B

Speed frames: Objects, construction and working of
conventiona flyframes, twisting, winding and building
mechanisms. Speed and settings to suit different fibres. Siop
motions.

Spinning: Construction and working of conventiona ring
frame. Ring and traveller assembly. Spindles, buildingmotions
etc. Secificdion of ring frameto suit different counts. Brief
description of mule, cap and pot spinning frames.

Reding, bundling and baling: Different forms to which
yarnsare converted for marketing. Brief study of machinesused.

Doubling: Preparation of yarn for doubling. Manufecture
of various types of folded and cabled yarns Yarn finishing
Sawing thread and variousfancy yarns.

Yarn preparation and methods of yarn conditioning.
Cdculdions pertaining to the machines and products dedlt
within the process.

Recommended Books
o E Oxtoby. Soun Yarn Technology. Butterworths, London.
0 K R&hotra Sinningof Man-madeand Blendson Cotton

System. Textile Association, Mumbai.

o PRLord. Spinningin the Seventies. Merrow Publications,

England.

o W Klein. Manual of Textile Technology—Vols : 1-6. Textile
| ngtitute, Manchegter, UK.
0 Manud of Cotton Spinning. TextileInstitute, Manchester,
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FABRIC MANUFACTURE AND
DESIGN

TX 405

Group A

Vaious systems of yarn preparation and their functions
Details of non-automaic winding machines of al types.
Winding faults and remedies. Uses and limitations of slow-
speed winding machines. Essentids of automatic cone and
cheese winding machines. High speed winding machines—B C
spoolers, rotoconers, Schlathorst auto-coner, uniconer, etc.
Precision winding

Beam and sectiond warping processes and mechanisms.
High speed warping, planning of patterned warps.

Prin winding. High speed prin winding machines—schweiter,
hacoba, scharer, auto-copser, etc. Bunch building mechanisms.

Study of dl types of sizing machines. Szing ingredients,
szeredpesfor different materids Control of szepick-up. Sasher
speed and drying efficiency. Szing wasteand stretch control.

Methodsof drawingin, twisting and knotting.

Group B

Classification of loom mechanism as primary, secondary
and auxiliary motions. Detaled study of plain and automatic
powerlooms Various ways of shedding and kinds of sheds
Various methods of picking: under, over and crankshaft
picking—their merits and demerits. Beating-up. Fecentricity of
thedey anditseffect on loom working Shuttle/ prin changing,
take-up and Ief-off motions in detail. Sde weft fork motion.
Loosereed and fast-reed warp protectingmotions. Timingand
setting of various motions.

Mechaniams of different types of negdive and positive
dobbiesinduding cross-border, paper and cam types. Multiple
box motions. Pick-a will motions.

Cdauldionspertainingto the abovemachinesand products
dedt within theprocess.

Fabric classificdion and weave notdtion. Plan weave, its
variationsand ornamentation. Ordinary and steep twills. Twill
derivatives—pointed, broken, combination, diamond.

Twills, herring-bone and twill checks Satin weavesand sdlin
derivatives Smple colour and weave effects Woven stripesand
checks. A brief and generd study of Jacquard and shuttldess
weaving

Congtructiona particulars of various types of fabrics
produced, employing the weaves studied. Computer-aided
design and manufactureof textilestructures.

IS dandardsfor important mill-madeand handloom febrics
usingdifferent maerids.

Recommended Books

o RSengupta Yarn Preparation. The Popular Book Depot,

0o M K Tdukdar. An Introduction to Winding & Warping

PK Banerjea Yarn Winding NCUTE, |I T, New Ddhi.

0 Mak and Robinson. Prindplesof Weaving Textilel nstitute,
Mancheger, UK

0 M K Tdukdar, et d. Weaving Machine Mechanics and
Management. Mahgan Book Distributors, Ahmedabad.

0 VDuwxburyand CRWray. Modern Devdopment in VWeaving
Machinery. Columbire Press Derbyshire

0 O Tdavasek and V Svaty. Shuttleless Weaving Elsevier
SdentificPublishing Co., New York.

o A Armored. Weaving Technology and Operdion. Textile
| nstitute, Manchester, UK.

o

§ CHEMICAL PROCESSING AND
= FINISHING

Group A

Prindplesof fabric prepardion. Introduction to various wet-
processing treetments such asde-sizing, scouring, bleachingand
ater-trestment processes.

Surface agents—its mechanism and application, etc.

Procedure for gpplication of various dyes as naurd and
man-madefibresand efter-treatment dyes. Methodsand styles
of printing and printing procedure of different fibres; fabrics
with various classes of dyes and after— treatment processes.

Group B

Principles of finishing of natura, man-made fibres and
blended fabrics. Classification of various finishes. Finishing
materials—their functions and applications. Permanent and
semi-permanent finishes like mercerised wash-n-wear, crease-
resistant, anti—shrink, water-repellent rot and mildew-proofing
and flame—proofing finishes. Organidie, crabbing, milling and
decagtingof wool, fabric coating, scroopy finish of silk, weight
reduction of polyester, gc.

Setting of synthetic fabrics by dry heat and steam and their
effect on physicd and chemica properties.

Introduction to finishing machines such as scutchers,
mangles dryingranges, hot air dryers, stenters, cenders, raising,
craping, plaingand pressingmachines.

Recommended Books
o E R Trotman and B | Griffin. Chemica Technology of

Soouringand Bleaching B | Publications New Ddhi.

o E R Trotman and B | Griffin. Dyeing and Chemica

Technology of TextileFibres B Publications New Delhi.
o Tedhnologyof Bleaching/ Dyeing/ Printing/ Finishing Sevek

Publicaion, Mumba.

0 A Vaidya Textile Auxiliaries and Finishing ATIRA,
Ahmedabad.

Sedov Mattsky. Chemica Technology of Fabric Mderids
Mir Publications Mosoow:.

o

Mumbai.
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DESIGN AND MECHANISMS OF
TEXTILE MACHINES

TX 407

Group A

Effectivenessof different openersand deanersin blowroom
line. Sudy of the principlesin designing modern openersand
blenders.

Sudy of metalic wires in cards. Complete study of the
design of high production cards. Different approaches in
evauating carding performance. Designimprovementsin licker-
in zone and feeding mechanisms.

Theories of drafting mechanism of hook remova during
drafting Principlesof auto-levdler. Principlesof windingin fly
frame. Improvements in the design of highspeed fly frames.

Principle of winding in ring frames. Effect of friction on
ringand traveller wear. Design of ringand travelers. Optimum
package size. Causes of end breakages on ring frame. Design
improvementsin high speed ring frame. Automated spinning
systems.

Group B

Sudy of the principle, design and operation of modern
winding, warping and sizing machines. Theory and design
principlesof laest attomatic controlsin sizing

Principles governing the design of looms. Mechanics of
basicweavingoperdions Kinematicsof dey, hedd motion and
shuttle motion on conventiond looms. Design problems of
conventiond weaving

Principles underlying non-conventiond weaving machinery
designs. Kinematics of weft propulsion in nonconventiona
weaving machinery.

Design fedures of dust control units used in textile mills.
Recommended Books

o K Slater. Textile Mechanics—Vols. 1 & 2. Textile [nstitute,

Manchester, London.

o W A Hanton. Mechanics for Textile Students. Textile
| nstitute, Manchester, London.

0 PGrossberg An Introduction to TextileMechanics. Ernest
Benn Ltd., London.

o T Beven. Theory of MachineDesigning Longmans Green
& Co., New York.

ADVANCED YARN
MANUFACTURE

TX 411

Group A
Opening machinery. Modern devel opments latest blending
techniques, aerodynamic study of opening and cleaning action
of blow-room machinery.

Carding Theoretica trestment of thefibreconfigurationin
card diver. Intensity of carding Fibreloading on wiresurface
and trendfer efficiency of card.

Drawing Theories of drafting Modern drafting systems
for drawnn frames. Auto-levdlersand their paformeance. Modern
high-speed draw frames.

Combing. Effect of hook formation in carding on lgp
preparation methods. Superlap former. Modern high speed
combers and post-combing processes.

Speed frames. High twist rovings and high speed flyers,
modern speed frames.

Spinning Sudy of yarn tension and twist flow in ring
spinning. Useof variable speed drivefor ring frames Modern
ring frames, end breakages in ring spinning—causes and control.
Limitationsof ring frame spinning

Group B

Man-made staple-fibre spinning Modificaion of spinning
machinery for processing man-medefibresand their blendswith
cotton and other naturd fibres.

Effect of fibre characteristicsand processing parameterson
yamn properties. Yarn hairiness

Study of blended yarns and their properties. Sructure and
properties of staple spun yamns.

Yan irregularities Classification of yarn irregularity. Effect
of processngand fibre parameterson irregularity of yarn. Effect
of yarn irregularity on fabric gppearance.

A brief study of non-conventiond spinning methods.
Recommended Books
o E Oxtoby. Soun Yarn Technology. Butterworths, London.
o K RSdhotra Spinningof Man-Madeand Blendson Cotton

System. Textile Association, Mumba.

o PRLord. Spinningin the Seventies Merrow Publications,
England.

W Klein. Manud of Textile Technology: Vols 1-6. Textile
I nstitute, Manchester, UK.

o

MODERN YARN PRODUCTION
AND CONTROL SYSTEMS

TX 412

Group A

Tow conversion processes

Introduction to the texturing of man-made fibre yans.
Sudy of twist-set-untwist, fdsetwisting edge, crimping, stuffer-
box crimping and ar bulking processes of producing textured
yans

Propertiesand gpplicaion of textured yarns.

Causes leading to advent of open-end spinning Study of
drum, ar-vortex and eectrostatic spinning techniques for the
formation of break-spun yarns. Qudity of break-spun yarns.

Sudies of yarn formation by ar jet and friction spinning

. RULES& SYLLABI




Yarn characteridics Effedt of different parameterson processing
and yarn properties.

Methods of production of self-twist and twistless yarns,
their properties and pplications.

Production of industria yarns such ascore-spun, tyrecord,
monofilament and tape yans.

Modern processesfor texturising/ bulking/ intermingling.
Modern processfor tow to top conversion. Modern machines
and processesfor stgplefibreyarn manufacture.

Group B

Transport of material in the blow—room. The nced for
trangport, mechanicd transport, pneumatic trangport; control
of materal flow in B R—classification, optical regulation systems
in stop—80 operation, continuous operation; Accessories and
associated equipment—metal extractors, fire eliminators, waste
disposal; Recycling—economy of raw material, quality of waste
materid, therecydinginstdldion, on-lineand off-linesystems.

Auto-levelling at cards. Basics, classification, principles of
short-term, medium-term and long-term auto—levelling;
measuring devices; auxiliary equipment—suction dust removal

on high performance cards, wastedisposd.
Monitoringand auto-levellingin drawframe. Classification

of monitoring systems, monitoring devices with self—
compensation and auto—levelling; classification of auto—levelling
systems, evener drawvframe with open loop, closed loop and
combined control; correction length, evening operation.

Monitoring devices in speed frame. Need for such devices—

diver stop motions. roving stop motions, blower gpparatus.
Nove features of amodern speed frame and automdtion.

Automation and ancillary equipment in frame Need for
autometion, possibilitiesfor automation, end bregk asperators,
piecing devices, roving stop motions, travelling clearer;
monitofing—purpose, computer-based data collection system;
automdticcop tregtment.

Recommended Books
o E Oxtoby. Soun Yarn Technology. Butterworths London.
o K R&dhotra, Spinning of Man-madeand Blendson Cotton

System. TextileAssodidion, Mumba.

o PRLord. Spinningin the Seventies. Merrow Publications,

England.

o W Klein. Manual of Textile Technology—Vols. 1-6. Textile
I nstitute, Manchester, UK.

MECHANICAL BEHAVIOUR OF
MATERIALS

TX 413

Group A
Yarn geometry—idealized yarn geometry; relationship of
yarn number and twist factor.

Yarn diameter, methods of measurement.

Packing of fibres in yarn—ideal packing, Hexagonal close
packing and other forms. Packing factor and itsmeasurement.

Twist contraction, limit of twist.

Varidion of fibre extendon and andysis of tensileforces
for low extension of continuous filaments.

Fibre migraton—mechanism of migration, condition for
migration to occur; frequency of migration, migration in
blended yarns.

A qualitative view of spun yarn mechanics— traditional and
modified quaitative approach.

Group B

Elements of fabric geometry: Cloth setting theories. Pierce’s
equations and later modifications—relation of fabric properties
to smplegeometry, crimp interchangein woven fabrics, cover
factor, weight factor, €tc.

Classification of fabrics and streamlining the construction
of fabrics based upon engineering design to achieve desired
end-use requirements.

Application of engineering principles to product
devdopment.

Knit fabricgeometry: Weft and warp knit fabrics

Recommended Books

o JWSHesrle P Grosbergand SBacker. Sructura Mechanics
of Fibres Yansand Fabrics Wiley Interscience, New York.

o B C Goswanmi, J G Matrindde and F L Sardino. Textile
Yarns Mahgan Book Distributors Ahmedabad.

o0 AT CRobinson and RMarks Woven Cloth Construction.
Texdile | ngtitute, Butterworths, London.

o FT Pierce Cloth Geometry. Textile Institute, Manchester,
UK.

TEXTILE MACHINERY AND
MAINTENAN CE

TX 414

Group A

Basickinematics: Links, pars, higher and lower pair, chans.
Mechanisms and inversions of mechanisms Velocity and
accderation diagrams of linkages of fourbar and slider-crank
mechaniams; relativevelodty method and ingtantaneous centre
method.

Priction: Cone and collar fricion—friction in single and
multple clutches—friction in cone clutch, power absotbed and
transmitted in dutches of abovetypes.

Bdt and rope drives. Sdection of fla bdts. V Bdts and
ropes. Effects of centrifugd and initid tension. Horsepower
transmitted.

Cams Types of cams and followers. Cam profiles for
constant velocity, simple harmonic motion and constant
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accelerdion of followers. Sudy of tangent and convex constant.

Deermination of speed ratios in smple, compound and
epicydicgear trans.

Designs of cone drums for scutchers and speed frames.
Roller weighing a different stages of spinning Inertiaof a
carding engine. Differentid motions used in speed frames. The
theory of spinning baloons Yarn tension in ring spinning,
power requirementsat various stages of spinning

Preventiveand on linemaintenance.

Group B

Mechanics of windingand tension variationsin winding

Mechanics of various mechanismsof weaving machines.

Smple harmonic motion. Bdancing of revolving masses.
Designing of shedding and picking tappets.

Velocity of shuttle during acceleration and retardation.
Picking forceand thestudy of dey eccentricity.

Wearp tension and its measurement.

Power requirement for different weaving motions.

Plant maintenance. Introduction, objects of plant
maintenance, importance of plant maintenance, duties,
functions and responsibilities of mantenanace department,
organisation of maintenancedepartment, typesof maintenance,
bregkdown maintenance, scheduled maintenance, preventive
maintenance, predictive maintenance, mantenance schedule,
maintenanceof plant machinery.

Recommended Books
o K S§Slater, Textile Mechanics—Vols. 1-3. Textile Institute,

Manchester, UK.

o W A Hanton. Mechanics for Textile Students. Textile

I nstitute, Manchester, UK.

o PGrossbar. An Introduction to Textile Mechanics Ernest

Benn Ltd., London.

o ] E Booth. Textile Mathematics—Vols. 1-3. The Textile

I nstitute, Manchester, UK.

0 V Svay and O Tdavasek. Shuttldless Weaving. Elsevier

Sdentific Publishing Co., New York.

o Maintenance in Textile Mills. ATIRA Publication,

Ahmedabad.

4 MILL ORGANISATION, PROCESS
: ECONOMICS AND QUALITY
- CONTROL

Group A
Concept of control in production, measurement
organisation, product development and design.
Classfication and standardization of productsand maerids.

Production planning and control, plant layout. Work study,
work measurement, wagesand |labour incentives. Costingand
cost anadysis Economicsof textileprocesses Plant services

Production planning and machinery baancing. To acquaint
with production rates, waste and efficiency levels of good and
progressivetextilemills. To determinethenumber of machines
required to produce desired quantities of end products (yarns
and fabrics) taking into consderation the production rate of
machinesin different departments, efficiency, lossesand waste
levelsand important processing parameterslikehank, draft twist
multiplier, counts, settings, eic. used a different stages of
manufacturing.

Staffing of departments. Labour dlocation in different
departments of a textile mill. Workload standards for card
tenters, gpeed framesand ring tenters, winders, doffers, weavers,
elc.,, in terms of tripartite agreementsand labour laws.

Group B

Process economics. Economics of large package spinning
and short-cut processes. Optimum package size. Economics of
high production carding and drawing their cost structures.
Process-wise codingincludingcase studies.

Economicsof open-end spinning.

Economicsof superspeed automatic warp and weft winding
machines. Economics of various labour saving mechanisms
mounted on automatic looms like ‘box loader” and ‘unfil’
systems. Economics of various labour saving mechanisms
mounted on automatic looms like *box loader” and ‘unfil’
systems. Economics of shuttldess looms like sulzer, ar-jd,
waer-jet, repier looms, etc. Comparative economicsof knitted
and woven dructures.

Process economicsof wet proocessing

Qudity control: Generd notions, basic conceptsof indudtrid
qudity control, connection with thetheory of stetistica tests.

Mehods of rapid cdculdion, arithmetica meen, standard
devidion.

Control charts, generd notions. Pratical construdtion of
control charts efficiency of acontrol chart, gpplicdion to control
of variouscharadteristics

Acceptanceinspection plans, generd notions, theoperating
cheradierigtic curve, anogptanceingpection by varigbles aogptance
ingpection by attributes, double and multipleinspection plans,
sequentid plans.

Recommended Books

o H BMenord. | ndustrid Engineering Handbook. McGraw-
Hill Internationd.

o O P Khanna Industrid Engineering & Management.
Dhanpat Rai end Sons, Delhi.

o Bethel, Alwater, Smith and Stackman. Industrial
Organisation and Management. McGraw-Hill Internationa.

o A Ormerod. Management of TextileProduction. Newnes
Butterworth, London.

0 Maio Bona Saigticad Methods for the Textile Industry.

. RULES& SYLLABI
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ADVAN CED FABRIC
MANUFACTURE AND DESIGN

TX 421

Group A

Varioustypes of terry motions Centre selvedge and leno
motions. Classification of jacquards. Sngle lift sngecylinder,
double lift double cylinder, cross border, line pitch, inverted
hook and lenojaoquards Card cutting and card lacking Various
types of harness ties and their mounting Casting out of
harnesses

Conventiona automatic looms and modern automatic
looms, study of special motions and attachments—their
timings and settingsfor proper functioning. Bobbin loader and
unifil loom winder atachments.

Mechanicd prindplesof the sulzer weavingmachine Picking,
beating-up, sdvedge formation and shuttleless weaving with
morethan one weft.

Air-jet weft insertion with specid reference to theMaxbo
loom—essential requirements, shedding, weftmeasuring, weft-
tensioning, bedting-up, weft gripping, weft cutting, weft-stop
motion, and selvedge formation.

Weft insertion by water-jet, general description of thewdter-
jet looms, weft supply system, tension device, meesuringdevice,
operation of the weft-supply system, considerations in the
system. Fundamenta problems of hydraulic weft insertion.

Thergpier system of weft insertion, weft control mechanism,
specia features of weft control system, generd timing system,
begting-up, doth take-up motion.

Circular loomsand their mechanisms, functionsand utility.

Group B

Diamond mock-leno, ordinary honeycomb, brighton
honeycomb, hudkaback, derivaivesof mat, hopsack and crepe
weaves, reversing weaves and designs giving stripes and checks.

Smpleand wadded bedford cords, weftsand piques Figured
piquefabrics. Principlesof figuringwith exiramaerids Distorted
thread effect. Extrawarp figuring, extraweft figuring Figuring
with exdtrawarp and extraweft. Limitaion of extrathread effects.
WEft backed cloths Werp backed dloths I nterchanging figured
backed fabrics. Backed dothswith wadding threads. Limitation
of backed cloths. Sett, stitched double doths. Centrestitched
double cloths. Interchanging double twill and sateen stripe
dedgns Cut effectsininterchangingdoubledoths Trebledoths
Multiplebdting gructures. Figured interchanging doubledoths,
figured interchanging treblecloths.

Damasks, brocades and tapestries. Sitched figuring weft
congtructions. Smpleand fancy terry pilestructures Warp pile
fabrics produced with the aid of wired and on the face-to-face
principle. Weft pilefabrics. Gaugeand leno structures Madras
muslin.

Construction of draft, peg and denting plan of the above
designs.

Constructiond particulars of different types of fabrics
produced using the abovestructures. Colour theories. Sudy of
variousstagesinvolved in thedevelopment of design. Historic
and gpplied design. D esigning for woven and printed fabrics.
Recommended Books

o W Fox. Weaving Mechanism. Universal Publishing
Corporation, Mumbai.

0 M K Tdukdar, e d. Weaving Machine Mechanism and
Management. Mahgan Book Distributors, Ahmedabad.

o Ormerod. Weaving Technology and Operation. Textile
| ngtitute, Manchester, UK.

o V Svay and O Tdavasek. Shuttleless Weaving Elsevier
SdentificPublishing Co., New York.

o WWatson. Textile Design and Colour. Longmans Greens
Co., London.

o Z] Grosicki. Watson's Textile Design and Colour. Newnes-
Butterworth, London.

o Z J Grosicki. Advanced Textile Design. Newnes-
Butterworth, London.

NON-WOVEN, KNITTING AND
INDUSTRIAL FABRICS

TX 422

Group A
Modern fabricproduction. Modern trendin the production
of woven fabrics and evduating the performance of different
methods of production.

Classification of non-woven fabrics A survey of thenon-
woven field—its uses and future growth. Principles of web
formdion. Fibrepropertiesand their influence on propertiesof
non-woven fabrics. Web geometry—tfibre orientation, curl factor
and web density—their effect on properties of non-woven
febrics

Classification of bindersand methodsof binder gpplicaion.
Binder properties and effect of binder-fibre adhesion on
propertiesof non-woven fabrics.

Principles of needle-bonded fabrics, their manufactureand
properties. Soun-bonded and split-film fabrics.

Group B

I ntroduction to themanufactureand propertiesof industrid
and knitted fabrics. Geometry of knitted structures.

Knitting. Warp and weft knitting, singejersey, doubleknit,
interlock rib, raschel and tricot, structures and machines for
knitting

I ndustrid fabrics, coated fabrics, technicd textiles.

Recommended Books

o JLunenschloss and W Albrecht. Non-woven Bonded
Fabrics. EllisHorwood Ltd., England.

|EI EXAMINATIONS | “




o RKrema Manud of Non-woven Fabrics Tedile TradePress
Manchester, UK.

o JA Snirfit. An Introduction to Weft Knitting Merrow
Publishing Co. Ltd., London.

0 D Spencer. Knitting Technology. Pergamon Press USA.

0 Ajgaokar. Knitting Technology. Universa Publishing
Corporation, Mumbai.

8 ENGINEERING DESIGN OF
x TEXTILE STRUCTURES
(See page 98, subject TX 413)

5] TEXTILE MACHINERY AND
x MAINTEN AN CE

(See page 98, subject TX 414)

] MILL ORGANISATION, PROCESS
: ECONOMICS AND QUALITY

[ CONTROL
(See page 99, subject TX 415)
§ ADVANCED CHEMICAL

e PROCESSING AND FINISHING

Group A

Classification of surface active agents, its properties and
vaiousgpplicaionsin wet processing, chemistry, mechanicsand
theories of wetting agent, detergents, leveling and dispersing
agents. Evduation of detergency. Advances in surface active
agents.

Advanced technology of bleaching.

Chemistry, generd properties, mechanism of optica
brightening agent gpplicable to various fibres. Evaudion of
bleaching, damagesand defects caused by bleaching Bleaching
of man-madefibres, fabricsand their blends.

Higtory and development of mercerization. Physica and
chemicd agpects of mercerization. Factors determining the
efficency of mercerization. Mercerizingmachinery. Advancesin
textileauxiliaries used in scouring, bleeching and mercerization.

Chemigtry, technology and mechaniam of dyeing naturad
and man-mede fibres and their blends.

Physicd chemistry of dyeing

Discontinuous, semi-continuous and continuous methods
of application of dyeson naturd fibresand study of thedyeing
mechinery involved.

Faultsin dyeing and their remedies.
Computer colour matching etc. Evaduation of various

fastness of dyed textiles. |dentification of dyes
Group B

Advancssin thickenersand assistancesused intextileprinting
and their functions,

Printingproceduresof different textilesand fabrics(induding
blends) with various dasses of dyes pigment. Machines used
for printing, drying, aging, steaming, etc.

Faultsin printing and their remedies.

Trandfer and foam printing. Screen preparation.

Computer-aided print design.

Chemistry and technology of finishing cotton, wool, silk,
rayon and synthetic fabrics. Uinishing chemical and auxiliaries—
their functions and gpplications.

Permenent and semi-permanent finishesof different textiles,
e.g, wash-n-weer, crease-resistant, anti-shrink, antistatic, water
repdlent finishes, mildew proofing, fireproofing, trubenizing,
cdendering, crabbing, milling, feltingand sentering

Setting of synthelicfibres. Evauation of finished fabrics.

Damages/ defectscaused in finishing and their remedies.

Chemicd processing, planning, induding effluent treatments,
water recyding, energy conservation, cog control.
Recommended Books
o0 A Vadya Textile Auxiliaries and Finishing Chemicals

ATIRA, Ahmedabad.

o M Lewin. Handbook of I'ibre Science and Technology—

Vol. 2. Functiond FinishesParts A & B. Marce Dekkar Inc,
New York.

o R H Peters. Textile Chemistry—~Parts 1 & 2. Elsevier
Publishing Company, New York.

o VA Shenoi. Technology of Textile Processing—Vol. 6. Sevak
Publicaion, Mumba.

0 E RTrotmean. Dyeingand Chemicd Technology of Textile
Fibres. B | Publications, New Ddhi.

o LWCMiles TextilePrinting Society of Dyers& Colourists
England.

o V A Shenoi. Technology of Printing Sevak Publicdion,
Mumbai.

o W Clerk. Introduction to Textile Printing. Newnes-
Butterworths, London.

GARMENT
TECHNOLOGY

Group A
Appard introduction, demands and the raw materias
required for manufacturing of garments, scopeand potentids
for setting up of appard indugries. Requirementsof manpower,
machines, maerids, etcand their testing.
Minor fabric construction—net, lace, bonded, etc.

Pattern making and dressdesigning Pattern making theory;

TX 432
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3 CHEMISTRY AND TECHNOLOGY

prindplesof basic drafts, etc. I ntroduction to fullnessin pattern
making and its importance, etc. Different types of seams for
different samples, etc. Drafting bodies a different age levels,

, dreping

Group B
Introduction of various machines and equipment used in

garment manufacturing and different typesof cuttingmachines,

Different typesof sewing machines.
Detaled knowledge of different types of stitches Tables

used for cutting and ditching, etc. Dyeing and printing of
garmentsand finishing of garmentsand washing, elc. Gament
defectsand their control.

Recommended Books

B Natdie. Dress Pattern Designing Blackwell Science,
London.

T Brackenbury. Knitted Clothing Technology. Blackwell
Science London.

P W Harrison (Ed.). Garment Dyeing. vol 19, no. 12,
Blackwell Science, London.

H Car and J Pomeroy. Fashion Design and Product
Development. Blackwell Science, London.

G Coaklin. Introduction to Clothing Manufacture. Blackwell
Ssience, London.

OF MAN-MADE FIBRES

Group A

Introduction to fibre-forming polymers: Types of
ymerization reactions, polymerisation techniques.

Determination of molecular weight. |mportance of molecular
weight and molecular weight distribution on the properties of
fibrous polymers.

Chemica and physicd characteristics of fibres. Chemicd

composition of more common man-made fibres.

Group B
Introduction to manufacturing prooesses for man-made

fibres. A study of various systems of gpinning, wetspinning,
dry spinning and melt-spinning, production technology of
important man-made fibres, viz., viscose rayons,
cuppramonium rayons, acrylonitriles, polyolefins.
Recommended Books

H F Mark, SM Atlasand E Cornia Man-madeFibres: Saence
& Technology: | nterscience Publishing Co., New York.

R W Moncriff. Man-made Fibres. Newnes-Butterworths,
London.

V B Gupta and V K Kothari. Manufactured Fibre
Technology. Chapman & Hall, London.

AVadya Snthetic Fibre Production. PrenticeHdl of India
(P)Ltd., NewDéelhi.

modification aswell asby adoption of new technology vis-a-vis
combined/ singlestage proocess.

ecologicd effects causes’ effectsof pollution on ecology. Weter
pollution and its control, dassification of waer pollutants,
sources of water pollution. Effluent treatment, methods of
plans, solid waste management.

and monitoring air qudlity. Indoor Air Qudity (IAQ), ar
pollution control devices.

stepsof effluent treatment, important parametersrelaed to air
and water pollution and their permissible limits. Effects of
biotechnology in textile finishing and enzyme finishing in
textiles

Recommended Books

8]

g

>
[

(See page 99, subject TX 415)

ENERGY CONSERVATION,
ENVIRONMENTAL AND
POLLUTION CONTROL

Group A
Basic conceptsof energy conservation in textilemills
Energy conservation by process optimization and

Low liquor and low add on techniques.
Farm processing
Microprocessor-based control system, etc.
Water conservaion in textileprocessing.
Group B
Environmenta and pollution control. Introduction,

Air pollution and itscontrol, effects of ar pollution, testing

Noiseand itscontrol. Basic chemistry involved in different

M Lewin. Handbook of Fibre Science and Technology—
Vol. 2. Functiond Finishes-PatsA & B. Marod Dekker Inc,
New York.

L R Higgins. Maintenance Engineering Handbook.
McGraw-Hill International.

H FMark and E CerniaAtlas Chemicd After Trestment of
Textiles | nterscience Publishers New York.

P L Diwskar Rao. Pollution Control Handbook. Utility
Publications Ltd., Secunderabad.

B Kotaiah and N Kumaraswamy. Environmenta
Engineering Laboraory Manud. Charotar PublishingHouse,
Anand.

M L Gulrgani and Sanjay Gupta Energy Conservetion in
TextileNe Processing OmegaSdentific Publishing Co., New
Ddhi.

P B Jshda M M Vyas and K Subrahmanyam. Water and
Effluentsin Textile Mills ATIRA, Ahmedabad.

MILL ORGANISATION, PROCESS
ECONOMICS AND QUALITY
CONTROL
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AEROSPACE ENGINEERING

T he | deation

In the pioneering work of Leonardo
da Vinci (1452-1519) on aviadon, ‘On the
Llight of Birds’, description and sketches
of helicoptersand parachutesasvisudised
by him werevividly given. On September
19, 1763, the Montgolfier brothers
launched abdloon lifted by hot ar. Sr
GeorgeCayley (1773-1857) wasin asense
theinventor of the aeroplane becausehe
defined the basic aerodynamic forces
operatingon awing asearly asin 1799,

The Dream Comes T rue

QOtto Lilienthd began gliding
experiments near Berlin in 1891. Hiram
Maxim (1840-1916) opened aworkshop
in 1882 for experiments on mechanicd
flight. The Brazilian inventor, Alberti
Santos-Dumont, experimented with
automobile engines in arships and his
asoent in 1898 wasenoouraging However,
the Wright Brothersof Ohio madetheir
first successful flight in an enginepowered
glider on December 17, 1903 leading to
the development of aeroplanes. Itdians
mademilitary use of ar-bornemeachines
in 1911. A Russian Officer Nesterov first

‘ooped the loop” and initiated aerobatics.

Lindberg’ historic trans-Adantic flight
in 1927 proved the staminaand promise
of aviation. In 1930, a gas turbine was
developed with acentrifugd compressor
to produceahigh-velodty propulsion jet
which would, in due course, replacethe
propdled drcraft.

S pace | nvasion

Congreve succeeded in perfecting a
rocket for usein war. N | Kibdtchitch
visualised in 1892 a rocket with a solid
propellant. However, R H Goddard
devedoped the rocket in 1929 with liquid
fue which led to apositiveadvancein space
science. Baligtic missiles then became
mgor amaments with time.

With USSR launching an artificid
satellite around the eath on October 4,
1957, anew erain spacetechnology and
communication began.

Drstriburtron of pressure on a cunlierel by
at tnfferent angles of attack

| ndia in the R ace

Through the vision and driveof Dr
Vikram Sarabha and Dr. Homi JBhaba,
thelndian space programmewasinitiated
in 1962 Seven yearslder, thel ndian Space
Research Organisation (| SRO) wasset up.
Vduableresearch in thespace sciencesis
besed & thePhysicd Research Laboratory,
the Space Physics Laboraory (SPL) a
Vikram Sarabha Space Centre(VSC)and
the Technicd Physics Division (TPD) &
|SRO Sdlite Centre(I SAC), Bangdore.
Alongside, theNationa Remote Sensing
Agency (NRSA) has developed many
modern sensing techniquesfor resource
management. TheDepatment of Space,
created in 1972, is responsible for the
establishment and operation of the
INSAT spacesegment.

Thefirst generation I ndian Nationa
Satellite System (INSAT-1) was India’s
first step towards implementing
operdaiond space systems for spedfic
peaceful nationd requirements. Sarting
with the first Indian Remote Sensing
Satellite (IRS-1A), India’s Space
Progranmehasbeen successful in many
ways and is still continuing to feed
important scientific datafor the benefit
of the human race.

g
g
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Bir Indea Bangar ROCK ANCHORS
Aerospace engineering Aerospapeengnesring requiresvast
encompasses many branchesof science engineering resources and technology
and engineering to provide integration in order to encompass
comprehensgive perception for synthesis commerdd avidion, spaceexploraion

and integration of various aspects
relded to the design, development,
field testing and commissioning of
craftsto beused in space, for specific
purposes.

and ar defence. It embraces a wide
rangeof problem areasin azronautica
and dlied enginesringdisdiplines. The
discipline is thus diversified with
exposureto multidisdiplinary topics.
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AEROSPACE ENGINEERING

ENGINEERING MANAGEMENT

IC 402

(See page 13, subject 1 C 402)

403

PRINCIPLESOF FLIGHT

AS

Group A

Different types of arplanes, different partsof an a@rplane
and their nomenclatures. Classification based on mission,
performance, shapes, aerodynamics, propulsion. Standard
amosphere and itsproperties.

Airfoilsand wings, geometric parameters, fundamentasof
incompressible and compressible flow over arfoils, pressure
distribution. Aerodynamic characterigtics, lift, drag, moment
coeffidentsof arfoils.

Three-dimensiona wings, wing planforms and their
sgnificance, aerodynamic coefficients. Wingsfor subsonic and
supersonic lights. High lift devices and boundary layer control.
Vortex dominated flow over wings. Drag characteristics vortex
drag, wave drag, estimation of drag of airfoils, wings and
completeairplane.

Group B

Propdlers, smple momentum theory, piston engines jet
engines, turbojet, turbofan and turbo prop engine; engine
characterigicsand performance

Elements of arcraft peformance, thrust/ power available
and required curves, steady level flight, dimb and glide, range
and endurance, take off and landing performance.
Recommended Books

B W McCormic. Aerodynamics, Aeronautics and Flight

Mechanics. John Wiley Internationd.

A C Kermode. Mechanics of Flight. Himdayan Book

Publishing Co., New Ddhi.

E L Houghton and A E Brock. Aerodynamics for

Engneering Sudents. Edward Arnold.

L JClancy. Aerodynamics Pitman & Sons UK.

=]  AIRCRAFT PERFORMAN CE,
@ STABILITY AND CONTROL

Group A

Propertiesof @amosphere, stendard amosphere, arfoilsand
their properties wing geometry, lift curvedope, high lift devices

Power/ thrust avalable/ requried. Effect of dtitude, forward
speed on engine performance. Level flight performance,
maximum, minimum and optimum speeds, maximum range
and endurance.

Rate of dimb and its variation with dtitude. Absolute and
service ceiling, take off and landing distance and effect of
temperatureand wind, oneenginetakeoff for multi enginedvil
arcraft. V-n diagram, gust maneuverability envelop.

Group B

Criteria for stability and controllability, longitudind static
stahility, stick fixed and stick free stability, meneuver points, CG
limits, stick forces, power effectswith propeler and jet engines
(laerd and directiona stability and control, control response)
(may bequditatively).

I ntroductory dynamics stability, phugoid motion, short
period motion, dutch roll, spird and roll subsidence.
Recommended Books
I  CD Perkinsand RE Hage. Aircrafit Performance Stability

and Control. John Wiley and Sons New York.

B Etkinand K L D Reid. Dynamicsof Stability and Control

Flight. John Wiley and Sons, New York.

Babister. Aircraft Sability and Control. Pergamon Press,

USA.

A C Kermode. Mechanics of Flight. Himaayan Book

Publishing Co., New Delhi.

2] AIRCRAFT GENERAL SYSTEMS
7] AND MAINTENANCE PRACTICES

Group A

Generd maintenance practices. Jacking, levelling, and
mooring, refueling and defudling of arcrat, sfety precautions,
hydraulic and fluid systems, precautions against contamination.
| dentification of colour coding, symbolsand other markingsto
identify thefluid systems.

Hydraulic system: Advantages and disadvantages, types of
circuits, flow through pipes, pumps and motors, static
performance, actuaors, seals and backup rings, reservoirs,
accumulators, contamination control filters, tubings and hose
pipes, indicating and warning systems, emergency and redundant
systemsvaves, flow dividersand integraors, cooling systems.

Servo-control system: Sability and response, dectrohydraulic
servo systems postion and forcefeedback, frequency response,
principles of automatic control.

Pneumatic systems: Air-conditioning and pressurisation
systems, deicing systems, heet loads, plumbing, cold ar units,
compact hed exchangers, vaves, filters, air bottles, capsulesand
bellows, indication and warnings.
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Group B

Oxygen systems. Gaseous and liquid oxygen systems,
breethingmasks oxygen regulaor, oxygen bottles, liquid to gas
converters, emergency systems, pressure suits, indication and
warnings. Landing gear systems Types of landing gears and
their design principles. Shodck absorbing devices. Retracting
mechanisms, wheels and brakes, antiskid systems, steering
systems, indications and warnings.

Fud systems: Types of fuels, their properties and testing,
colour codes, fud requirements, pumps, fud transfer systems,
fud tanks, plumbing, vaves, indications and warnings.

Lubrication systems: Types of lubrication systems,
lubricants, deaning agents.

Auxiliary power unit: Congruction and operationd fedures,
fire protection sysems, types of systems, flame proofing, fire
wdls, fire detection systems, fire extinguishing systems.

Sedt sef ey sydems Ejection seats survivd packs parachutes
Pilot’s personal equipment, life rafts, doors, windows and
emergency exits, sedat belts System testing Ground handling
equipment.

Recommended Books

H G Convey: Aircraft Hydraulics Chaoman and WillsLtd.,
UK.

W Green. Aircraft Hydraulic Sygtems John Wiley and Sons,
New York.

E A D Saunders. Hed Exchangers. John Wiley and Sons,
New York.

H G Convey. Landing Gear Design. Chapman and Wills
Ltd., UK.

E AIRCRAFT PROPULSION
<
Group A

IC engine propulsion: Introduction. Preliminary
nomendaure, four-strokecyde, enginetypes, functionsof parts
and their materias, fundamenta quantities, gaslaws, formsof
energy, non-flow process, flow prooess

Combustion: Theories of combustion highlighting fud
characteristics—flash point, fire point, etc., flamesdiffusion,
premixed, flamestability, chemica equilibrium and dissodidion,
combustion equations, propertiesof ar, combustibleelements
in fuds, combustion with ar, heat of combustion.

Cydesand process: Theotto cyde, thediesdl cyde, thedua
cycle, comparison of ar standard cycles, the ar engine cyde
caculaion, exhaust process of theradid engine.

Engnefriction and lubrication: Totd enginefriction, piston
friction, bearing and auxiliary friction, pumping friction,
Iubrication, important properties of engine lubricants, engine

oil additives, dilution of oil by the fuel, lubrication systems
(splash, semi-pressure, pressureand drysump systems), typica
exampleof an d@rcraft enginelubrication system, engineteststo
estimaemechanicd friction and pumping friction.

Combustion and spark ignition engine: Normal combustion
in spark ignition () engine, auto-ignition of end charge, knock
and detonation, pre-ignition and podtignition. Effect of engine
operating varisbleson knock rating of spark ignition fuels, anti-
knock agents, knock and S engineperformance.

Caburdion: Fud-ar ratio requirementsof theengineunder
different load conditions, fuel carburation system, venturi tube,
fud flow, fud-air ratio, performance of asimple carburetor,
elementsof completecarburetor, effect of dtitude, typica arcraft
carburetor arangement, injection carburation, continuousand
timed injection, working principleswith typicd examples.

Supercharging: Types of supercharges, supercharger
efficiencies, power to drivesupercharges, constructiond details
of centrifugd supercharger, purpose and performance of
supercharged arcraft engine, typica examples of gear driven
superchargers and exhaust turbosupercharges, comparison of
geer driven and turbo supercharges.

[ gnition: I gnition timing and performance, effect of ignition
timing on output, factorsaffeding spark advance, ignition timing
and cylinder temperature, location of spark plug, batteryignition
system, magneto ignition, aircraft engineplugs, dtitudeeffedts
on ignition gppardus Types of |C engines thermodynamic
aspects. Application and suitability of |C engines for arcraft
propulsion.

Cycle andysis: |ded cyde modification to ided cydles,
polytropic efficiency, design point performance caculations
compadiveperformanceof practicd cydes.

Group B

Gas turbine cycles and arcraft propulson. Criteria of
performance, intake and propelling nozzleeffidendies, smple
turbojet, turbo fan and turbo prop engine.

Gas turbine constructional features. Inlet ducts,
compressors, combustion chambers, turbines and exhaust
systems.

Exhaust nozzles: Typesof nozzles convergent, convergent-
divergent, gector nozzles thrust equation, nozzle efficiency,
performance characteristics. Prindplesof thrust augmentation,
various methods, reheat and water methanol injection,
configuration of systems, components of the system.

Engine testing: Types of test cells, requirements of
instrumentation in atest cdl, performancetestingand anaysis,
ground operdingprocedures, starting and stopping procedures,
engine operation and checks engineraing.

Gas turbine materids: Properties and types of duminium
aloys, stedl dloys, nickel base dloys, cobdt base dloys,
requirements of materials for compressors, combustion
chamber and turbines, singecrysta and directiondly solidified
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blades, use of composite maerids.

Gas turbine systems and accessories. Fuels system
components, fue and typica fuel systems, lubricaingoilsand
lubricting systems, secondary ar system, ignition system,
starting systems, hydraulic systems, control systems, typicd
arcraft acoessory gear boxes.

Turbomachinery: Types of compressors, comparison
between centrifugd and axia flow compressor, adigbatic
compression and efficiency of compressor, cooled compressor
and isothermd efficiency, polytropic efficiency and overdl
effidency. Working of acentrifugd compressor, velodity triangles
a impeller eyeand tip, effect of vanedlessspaceand function of
a diffuser, worked examples. Characteristics of centrifugal
compressors, surging Red cydeandysisfor turbo fanengnes

Axid flow compressors, dlowabletemperatureand pressure
rise per stage, bladenomenclaure, pressureloss coefficient, lift
and drag lossesin blade passages, stdl and surge, smpledesign
examples Types of losses in turbine blades introduction to
ocooled blades.

Combustion chamber: Types of combustion chambers,
intake design and desirablefeatures of combustion chambers,
process of combustion.

Recommended Books

A RRogowski. Elementsof Interna Combustion Engines.

TaaMcGraw Hill Publishing Co. Ltd., New Ddhi.

D RPye. The Interna Combustion Engine: Vols| and 1.

Oxford University Press, New Delhi.

JL Kareebrook. Aircraft Engines and Gas Turbine. MIT

Press, USA.

JD Mattingly. Elements of Gas Turbine Propulsion. Tata

McGraw-Hill Publishing Co. Ltd., New Delhi.

McMcehan. Aircraft Propulsion. Pitman and Sons, UK.

AIRWORTHINESSAND AIR
REGULATIONS

Group A

Aircraft menud, dvil avidion requirements, airworthiness
requirements for civil and military arcrafts, CAA, FAA, JAR,
1CAQO military standards and specifications.

Privileges and responsibilitiesof various categoriesof AME
license, knowledge of mandatory documents like certificate of
registration, certificate of airworthiness—condition of issue and
vdidity. Knowledge of log book, journey log book, technicd
log book, etc. Procedure for development and test flights and
certification, certificateof flight releese, certificateof mantenance,
goproved certificates.

Group B
Flight manud, arcraft schedules, registration procedure,
cartification, identification and markingof aircraft, modificaions

concessions arworthinessdirectives servicebulletina

Crew training and their licenses, approved materials,
identification of gpproved maerids.

Bonded and quarantine stores, storage of various
aeronauticd productslike rubber goods, variousfluids.

Accident investigations procedures, circumstances under
which C of A is suspended, ICAO and IATA regulations.
Chicago and Warsaw conventions

Aeronauticd information dirculars.

Airworthinessadvisory circulars.

Aircraft mantenanceengneersdrculars.
Recommended Books

Thelndian Aircrat Act and the Rules, DGCA.

Civil Aircraft Inspection Procedure (CAP & 59)—Part 11;
Airadt Pat| :Basic.

Manud of Civil Aviation, DGCA.
Civil Avidtion Requirements (Part | |-Airworthiness) D GCA.

AVIONICS

Group A
Radio wave propagation methods, moduldion, frequency
control, antennafundamentals, principles of radiation, power
patterns, radiation intensity and directivity, geer, fidd patterns,
concept of dectric pole, directiond properties of antennas,
antennas for LF, MF and HF, antennas for MW frequencies
(quditativetreatment only).

Communication systems. HF, VHF, UHF, micowaves
signal and noise, coded forms, distortion, modulation,
demodulation, datalinks, tdlemetry.

EMI, EMC, pulsemodulaion, coding and decoding dircuits.

Amplitude and phase distortion. Tdevison waveforms
scanning. Circuitsfor tranamittersand receivers Daaconversion,
andogmultiplexers, A/ D and D/ A conversion.

Data storage, opto-clectronics, light—emitting diodes, CR'T
displays, semiconductor and solid state lasers, opticd fibres,
communication usingfibres.

Group B
Satellite communication, spread spectrum technology,
sadlitetransponders, earth terminds.

Microwave engineering, active devices, lighthouse tubes,
klystrons, magnetrons, TWTs wave oscillators, microwave
trandstors, point contact diodes, tunnel diodes, GUNN diodes,
passivemicrowave devicesferites, farrite devioes, cavities Radar
systems, range, CW and frequency modulated radars. Doppler
radar, pulseradar, tracking radar, synthetic apertureradar, radar
signa processing, wegther radar.
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Introduction to navigation systems, radio navigation,
TACAN, ADF, VORDME, OMEGA, GPS Doppler, LORAN-
C, internd navigation, strgp down systems, ILS MLS

Avionics system design, development and integration,
smulation techniques, system architecture, databases, MIL-STD-
15538, ARINC-429.

Need for avionics in civil and military aircraft, integrated
avionic and wegpon sysem conoept, typicd avionics sub-systems
and technologies.

Recommended Books

.. BPLahi. Communication Systems. John Wiley and Sons,
New York.

. M Kayton and W R Fried. Avionic Navigdion Systems.
Jbhn Wiley and Sons New York.

. R E Callin. Foundation of Microwave Engineering.
McGraw-Hill Internationd.

. A K Maini. All-in-One Electronics Simplified.
(khannabooks.com). Khanna Books, Dehi.

.. N SNagaga Elements of Electronic Navigdion. Tata
McGraw-Hill Publishing Co. Ltd., New Delhi.

DIGITAL ELECTRONICSAND
MICROPROCESSORS

Group A

The CPU, CPU register, ALU control unit, staius flags
introduction, execution, instruction, timingdiagrams ingtruction
cydes, microprogranming and thecontral unit, chip diceunits.

Logic beyond the CPU. Interfacing programs and data
Memery program |/ O, interrupt, error detection, various
protocols, synchronous serid daa transfer, programmable
control/ timers, red time clock, logic distribution among
microcomputer devices. Programming microcomputer, review
of programming language, source program, object program,
assembly language, memory addressing, stack indiredt addressing,
indexed addressing, base relative addressing, memory
segmentation.

Group B

Introduction to sets. CPU architecture. A description of
ingtructions, advanced microprocessor ingtruction set concepts.
Boolean agebra, postulaies and theorems, standard forms,
formulation of switchingfunctions, simplification of Boolean
expressions. Basic building block, redization of switching
function using NAND and NOR gates. Flip flops, counters
and shift registers.

Andysisof digitd logicfamilies TTL, MOS CMOSinverters
interfacing between logic families; various functions and their
implementation; bistablecircuits R-S JK, D and PLA; design
of synchronous sequentid drcuitsand their applicaions; seria
and padld ports.

Recommended Books

A P Gautam. Advance Microprocessors IKhanna Book
Publishing Co. Ltd., New Ddhi.

Rishabh Anand. Digjtd Electronics (khannabooks.com)
Khanna Publishing, New Delhi.
R SGaonkar. Microprooessor Architecture, Programming

and Applications. New Age Internationa (P) Ltd., New
Ddhi.

MAINTENANCE OF AIRCRAFT
ELECTRICAL AND INSTRUMENT
SYSTEMS

AS 413

Group A
Detaled knowledge of seriesand pardlel resonance of ac.
circuits and their use, cdculation of resonant frequency of a
drauit fromagven informetion, effect of changein thefrequency
on theimpedance, current and phaseange.

Detailed knowledge of the composition, performance
(stebility and tolerance) and limitationsof fixed resistors(carbon
composition, carbon film, wire mould and metalic film) and
description of varioustypesof variableresistors (wireresistors
and varistors).

Knowledge of resistor colour codes, vaue and tolerance,
and thesystem of preferred vauesand wattageratings. Detaled
knowledge of the construction, principles of operation,
gpplication and colour coding of various types of capacitors.
D ddiled knowledgeof dreuit controlling and current protection
devices.

Aircraft batteries. Construction and principle of operation
of lead acid-nicke -cadmium and silver zinc batteries. Changing
of batteries, common defects and rectification.

Generators and motors: Construction, principle of
operaion and charadterigtics of d.c. and ac. generators and
motors Voltage regulators, functiond tests and speed control.

Servo-mechanism and amplifiers: Condruction and principle
of operation of anto-transformers, single-and three-phase
trandformers Sdurablereactorsand magnetic amplifiers Servo
motorsand rategenerdors.

Test equipment: Knowledgeof constructionand principle
of operdion for arcraft test equipment. Bonding and screening.
Sandardsfor insulation and bonding, aircraft wiring system.

Group B

Knowledge of the aimosphere. Knowledge of basic
principle of thermionics and properties of semiconductor
materids. Knowledge of symbols, truth tebles and equivaent
cdreuits for logic gades. Knowledge of the terms used, basic
operation and interfacing of magor components of computer.
Knowledgeof thetypesand operation of displays(LED, liquid
crystd, etc). Knowledgeof CRTsanditsapplicdion.
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Knowledge of functions performed and overdl operaion
of amiaroprocessor. Knowledge of handling of microelectronic
circuit devices[dectrostatic senstive devices (ESD)). Generd
understanding of the terms relating to theory of flight—
longitudind axis, laterd axis and verticd axis, yawing, rolling,
pitching, azimuth heading, course, sideslip, kidding, coordinated
turn, stability, andeof attack, chord, gtall, lift drag, thrust.

Generd knowledge of the purpose and action of primary
control surfaces, trim tabs and wing flgps. Knowledge of the
principle of operation, construction and characterigtics of
pressure-sensitive and temperaturesensitive elements.
Knowledgeof theprindpleof operation, constructiond features
and characteristics of gyroscopes.

Reliability. Elementsof probability, definition of rdigbility,
datisticd andysis life-time data, determindion of rdiability.
Introduction to system rdligbility, maintainability and availability
of reparablesystems. Fault-treeandysis.

Recommended Books

E W Golding and F C Widdies. Electricd Measurements
and Messuring I nstruments. Pitman & Sons, UK.
.. E F Waner. Aircraft | nsruments Mantenance McGraw
Hill Internationd.
. A K Maini. All-in-One Electronics Simplified.
Khannabooks.com.

AIRCRAFT INSTRUMENTS

Group A

Units and standards, theory of measurement, functiona
andysis of measurement, errors and error estimation.
Meesurement of voltage and current in d.c. and ac, VTVM
digita voltmeter, measurement of power, phase angle, power
factor. Extension of range by instrument transformers,
fluxmeter, measurement of frequency, heterodynetechniqueand
digtd frequency counters signd generdors.

Measurement of circuit elements, LCR direct and bridge
methods. Waveform andysis, cathode ray oscilloscopes,
measurement of harmonic and intermodulation distortion,
distortion anayser, spectrum anayser.

Group B

Generdisad configurdionsand performancecharacteristics
of instruments, motion requirement, relative displacement and
velodty. Trandldiond and seismic displacement, velocity and
accd eration measurements, torque measurement and rotating
shaft, pressure and flow measurements. Fud gauging systems,
temperdurebasad on expansion, electricresigtanceand radidion
methods, problems involved in temperaure measurements,
compensation techniques, magnetic compasses.

Requirements for arborne equipment, sensors for the

measurement of position, dtitude, ar speed, acceleration,
temperature, fud flow and quantity. | nstrument displays panels
and cockpit layout, flight instruments, gyroscopicinstruments,
power plant ingruments, navigation instruments miscdlaneous
instruments, RLGs.

Moving map displays, multifunction displays, headup
displays, glass cockpit. Cockpit lighting, panels—integral, glow
panels.

Recommended Books
.. E H J Pallet. Aircraft Instruments—Principles and
Applications. Pitman and Sons, UK.

E W Golding and F C Widdies. Electricd Measurements

and Messuring Instruments. Fitman and Sons, UK.

... C A Williams. Aircraft Instruments and Control System.
QOdham Press, USA.

CONTROL THEORY AND
PRACTICE

AS 415

Group A
Introduction to Laplace transform, Fourier transforms,

definition of feedback terms, symbols to represent feedback
control variables charaderisticsof basicfeadback loop.

Introduction to dynamics of stable and unsteble vehides.
Definition of aerodynamic coefficients, force and moment
equaions, definition of relaxed gtaic stability, CCV concept in
modern flight control system.

Models of transfer functions and systems. [tsvariablesand
equations, modeling of passive dectricd components and
systems, staic and dynamic variables, modeling of d.c. motors
and servo systems, transducer, sensorsand actuators transport
delay.

Frequency response andysis. Open loop and dosed loop
poles and zeros, Nyquigt diagram; Nyquist stebility criterion;
and stebility margins, illustration of phase margin and gan
margins.

TheBODE magnitude plot. Sudiesof BODE phaseplot,
stability mergins on the BODE plot, time delay effects. The
root locus method. The locus equdions, properties, and
sketchingrules, lodi for systems.

Time response. Seady stdeerror, transient responseto a
input, performance measures.

Group B
System design: (a) Signal conversion and processing—digital
signds and coding, data conversions and quantization sample
and hold devices, digitd to anaog conversion, andogto digitd
conversion, thesampling theorem, reconstruction of sampled
signds; (b) Compensation networks, system effedts of offsat

and noise; () Servo components—synchros, sensors, actuators,
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computers; (d) Electronic design aspects—rating, time delays,
reasonable vadues, elc., proportion controller, proportiond
integra controller, proportiond integra differentid controller
(PID).

The Z-Transform. Définition of Z transform; evaludion
of Z transform; maping between s-plane and z-plane; The
inverse Z transform, theorems of Z transform.

The stae variable technique. State equations and state
trangtion equaionsof continuous ddasystem; datetrangtion
equations of digitd systems; relation between state equation
and transfer function; characteristic equation, eigen vduesand
eigen vectors, diagondisation of A matrix, methods of
computing the state transition matrix.

Sability of digtad control system, time-domain andysis,
frequency domain andysis.

Recommended Books
D B Miron. Design of Feedback Systems Harcourt Brace
JbvanovicPublicaions New York.

K Ogaa Modern Control Engineering Prentice Hal of
India(P) Ltd., New Dehi.

A Ambikapathy. Control Engineering,
Khanna Book Publishing, Delhi..

AEROSPACE MATERIALS AND
PROCESSES

Group A

Sructure of materid and their characteristics, nature of
metds, ceramics, polymersand composites spectrum of materia
properties—chemical, physical, mechanical and dimensional.

Mechanicd properties | sotropy, orthrotropy, anisotropy; true
stress-dran and engneering stress-a@ran diagrams, tendleted,
hardnesstest, impact test, ductility, toughness and hardness of
materid.

Conoept of faigueand creep. Endurancelimit, areep strength,
stressrupture Testing of aerospace materid, hardnessBrinell,
Rodkwell, Vickers | mpact-charpy, izod, fatigue, torsion.

Types of mechanicd tests Tension, compression, sheer,
bending, crushing, hydrostaic, design of tests.

Non-destructive testing. Radiographic methods,
electromagnetic methods, magnetic particle method,
dyepenetrant method, ultrasonic testing, techniques, acoustic
emission technique, eddy current.

Group B

Broad classfication of aerospace materids; ferrousand non-
ferrous maerids, duminum and its dloys; typica application,
casgficdion, properties, designationsof dloys, hed tregtment,
surface treament, magnesium and itsdloys; typicd application,
properties, designation, steds; dassification, effects of dloying

element in steds, nimonic dloys. Applications, titanium and its
aloys, polymers, dassifications, additives to polymers,
mechanica properties, goplication.
Furnishing maerias, Wood, plywood, dope, due rubber.
Methods of testing and storage, points surfacefinish.
Composite materials, metd matrix, polymer-matrix,
particulatecomposites, fibrereinforced composites, varioustypes
of reinforcements, application, manufacturing of composites,
corrosion; detection and prevention, protectivefinishes, short
fibre composites, random fibre composites.
Recommended Books

.. M SRay. The Technology and Application of Engineering
Maerids. PrenticeHal of India(P) Ltd., New Ddhi.

K G Budinski and M K Budinski. Engineering Materias:
Properties and Section. Prentice-Hdl Internaiond.
.. T JTitterton. Aircraft Materids. English Book Store, New
Déehi.
... R M Jones. Introduction to Composite Materials.
TechnomicPublications USA.

3 MAINTENANCE OF AIRFRAMES
9 AND SYSTEMS

Group A
Aerodynamics: Subsonic airflow, characterigticsof airfoils,
forcesadingon thearcorat, arcreft sability and control, effect of
dtitude, weight and power on the performance of aircraft.

Aircraft structures Various types of dructuresin arcraft
construction, tubular, braced monocoque, semomonocoque,
etc, longerons, stringers, formers, bulkhead, spars and ribs,
honeycomb construction.

Airplane controls, dlerons, elevators, stabiliser, rudder,
trimming and control tabs, leading and trailing edge flaps,
talplane and fins. Knowledge of structure and structura
components febricated from metd, gassfibre, vinyl, perplex,
composites. Finishing materids, paints, surface finishes and
asndated materids

Aircraft system: Flying controlsinduding power operated
controls, hydraulics, pneumatics, landing gear of varioustypes,
shock struts, nosewhed deering, iced andrain protection, fire
detection warning and extinguishing, oxygen, ar-conditioning
and pressurisation systems, whedls, tyres, brakes, anti-skid
system. Windows, doors and emergency exits. Reliability and
redundancy of systems design.

Group B

| nspection: Basic principlesof ingpection, inspection gauges

and tools, standard ingpection technigques and procedures. Go/

Nno go gauges, gauge cdibration and maintenance, limits and
tolerances NDT techniques.
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Maior and minor damage, damagetolerance. Corrosion and
corrosion prevention.

Mgjor and minor defects. Defect reporting, rectification and
investigation. Riggingof arcraft, symmetry checks

Baandngof control surfaces, periodicd inspections, heavy
Ianding, overweigiht landing checks, abnormd flight loads,
araraft weighing, weight schedule, cdculationof Cand G.

Reliability. Elementsof probability, definition of rdigbility,
ddidicd andysisof lifetimedaa determination of reiability.
Introduction to system rdliability, maintainability and availability
of repaireble systems, fault treeandysis.
Recommended Books

Aircrafit Manud, DGCA.

Civil Airworthiness Requirements (CAA), UK.

Civil Aircraft Inspection Procedutes (CAP 459)—Part 11

Aircraft. HimdayaPublishing Co., Mumbai.

L SSinath. Reliability Engineering Affilidted Eagt-West Press

(P) Ltd., New Delhi.

MAINTENANCE OF AIRCRAFT
POWER PLANTSAND SYSTEMS

Group A

Piston engines. Knowledge of thermodynamicslawsrelated
to 1C engines. Two—and four-strokeengines Effidency factors
afectingengneperformance.

Knowledge of the function and congruction of various
partsand accessoriesof theengine, induding induction, exhaust
and cooling system, engine mounting. Engine fire detection
and protection systems.

Propellers. Knowledge of purposeand functioningof parts
of constant speed, variable pitch and fegthering propelersand
associdted control system components.

Engine fuel and oil system. Construction features of
caburetors, enginefue and oil systems. Characteridticsof aviation
fud and oil, common sources of contamination, methods of
checking contamination.

| gnition and starting systems. Magnetos and ignition system
components, varioustypesof enginestarters.

Group B

Engine instruments: Principles of operation. Supercharges—
constructiond features and prindiplesof operation and fundion
of verioustypes of supercharges and itsrelated component.

Gasturbine: Principle of operation, generd constructiond
details and function of various types of gas turbine engines
such as turbojet, turbo fan and by-pass engine. Theory of gas
turbine engines, advantages and disadvantages of each type.
Induction, exhaust and cooling systems, anticing of engine,
enginemounting, thrust augmentdion. Compressor surgeand

stal bleed control system.

Prindples of operdion, generd constructiond detals and
functionsof fud and oil systems, ignition and starting systems
and their components. Engine controls of various types,
induding Full Authority Digita Electronic Control Engine
instruments. Power augmentation devices, thrust reversersand
auxiliary power units.

Engine maintenance. Piston/gas turbines—periodical
servicingprocedures engineinstalaion chedks control rigging,
ground running checks, priming, bleeding and performance
checks Engine on condition maintenance Trouble-shooting
and rectifiction. I nspection after shock landing, crack detection.
Procedure for long and shortterm storage of engine and
accessories, engine preservation and depreservdion.
Recommended Books

E Mangham and A Peace. Jet Engine Manua. Newnes,

London.

A W Judge. Carburetors and Fuel Injection System.

Chapman & Hdl, London.

P W Gill, JH Smith and E J Ziurys. Fundamentas of

Internd Combustion Engines. United SaesNavd | nditute,

Maryland.

A W Judge Gas Turbine for Aircraft. Chapmean & Hal,

London.

V Cassamassaand R D Bent. Jet Aircraft Power Systems.
McGraw-Hill Internationd.

TOOL AND DIE DESIGN

AS 424

(See page 68, subject MC 433)

PRODUCTION MANAGEMENT

(See page 69, subject MC 435)

AEROSPACE MATERIALSAND
PROCESSES

(See page 10, subject AS421)

AS 431

] DIGITAL ELECTRONICSAND
@ MICROPROCESSORS

(See page 108, subject AS412)

MAINTENANCE OF AIRCRAFT
ELECTRICAL AND INSTRUMENT
SYSTEMS

(See page 108, subject AS413)
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MAINTENANCE OF RADIO
COMMUNICATION AND SYSTEMS

Group A

Déadled knowledge of thermionicsemission, constructiond
features, applicaion, limitaion and functioning of thermionic
vaves, materids, goplication and properties of ssmiconductors,
construction, symbols, doping process, operaion, application
and chaacterigticsof P-N-Pand N-P-N transstors. Compaison
with vacuumtubes; congtruction, symbols, operation and anode
charecteristics of vacuum and gasHfilled tubes, knowledge of
their construction and gpplication. Construction and principles
of auto—transformers, single— and three-phase transformers,
construction and principles of operation of saturable reactors
and magnetic amplifiers, bias, phase senstive hdf-wave and
inputs and outputs, polarity sensitive inputs and outputs,
pushpull outputs and effects of stage gains and cascading on
timeresponse. Useand theory of osdillatorsand multivibrators.
K nowledge of symbols, truth teblesand equivdent circuitsfor
logic gdes, operdion and application of flip flop logic, basic
operation, interfacing of mgor componentsof acomputer.

Useand typesof Medium Scdelntegration (M3 ) devices,
typesand operation of displays(LED) liquid arystd, eic. Function
of CRTsand its gpplication in aviation functions performed
and overdl operation of a microprocessor handling of
microdectronic circuit devices[(eectrostatic sensitivedevices
(ESD)). Electrica power digtribution systems, operation and
construction of daticinverters, rotary invertersand transformer
rectifier units

Group B

Moduldion and demeduldion, amplitude, frequency and
phase modulation, AM and FM receivers, transmitter,
superthetrodyne principle, baanced modulator, radio frequency
transmission lines, coaxial cables, current and voltage
distribution, impedanceof lines, standing waves, sandingwave
radio, matching, tuning stubs waveguides, attenuation in
waveguides, resonant cavities, interference caused by dectricd
and ignition systemto radio gpparatus, methodsof minimizing
or suppressing such interference, bonding and screening
I dentification, use, propagation characterigticsand identification
of band spectrum, congtruction and identification of various

typesof antennas, voltageand current distribution dongantenna
of variouslengths characteristicsof ground planes Very high
frequency (VHF) and high frequency (HF) airborne
communication, frequency hands dlocation, the methods of
propagation and the ranges expected both day and night,
cdculation of gpproximate ranges of communication (line of
sight) with given data. Performance levels expected and
specificationsof typicd arborneHF and VHF communication
systems, principle of operation, installation practices and
procedures, functioning of the operating controls and
indications and maintenance of typical HF and VHF
communication transceivers. Theory of operation, performance
level and spedficaionsof anaudio integration system. Working
prindplesand testing of lead acid and nickd cadmium batteries,
purpose, chemicad combination, flux used, tinning for soldering
Bonding and screening

Knowledge of terms used, principle, operation,
chaadeigtics Automdic Direction Finder (ADF) systems Very
high frequency (VHF) Omni Directiona Range System
Instrument, landing systems, wegther radar systems, microwave
devices, ar traffic control (ATC) trangponder system, very low
frequency (VLF) navigation systems (nH ), omega navigation
system, radio dtimeter systems, cockpit voicerecorder, digance
messuring equipment, doppler navigaion system, microwave
landing system, ground proximity working systems, emergency
locator transmitters, prindple of satelite communication and
itsgpplication to arcraft.

Recommended Books

JH H Grover. Aircraft Communication System. Heywood
and Company Ltd., London.

W F Lovering Longman. Radio Communication. Green
and Co., London.

RF Hansford. Radio Aidsto Civil Aviation. Heywood and
Co. Ltd., London.

D Reddy and JCooler. Electronic Communicdion. Prentice
Hdl of India (P) Ltd., New Dehi.

PRODUCTION MANAGEMENT

(See page 69, subject MC 435)
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AGRICULTURAL ENGINEERING

Earliest Engineering to Civilize
the World

Agricultureistheart and sdence of
crop and livestock production. In its
broadest sense, agriculture comprises
the entire range of technologies
associated with the production of
useful products from plants and
animds, induding soll cultivation, crop
and livestock management, and the
adtivitiesof processngand markeling
Theterm agribusiness has been coined
to indude dl the technologies tha
mesh in the totd
inputs and outputs of the farming
sector. |n this light, agriculture
encompasses the whole range of
economic activities involved in
menufacturing and distributing the
industrid inputs used in farming; the
farm production of crops,
animds and animd products; the
processing of these materids into
finished products; and the provision
of products at a time and place
demanded by consumers.

Technology Pushes

Many different fatorslikedimete, soil,
water avalability and topography vary
widely throughout the world and
influencethekind of agriculturepradised
inaparticular area Thisvariation brings
about a wide range in agricultural
production enterprises. Certan areastend
toward aspecidised agriculture, whereas
other areas engagein amore diversified
agriculture. As new technology is
introduced and adopted, environmenta
factors become less important in
influencing agricultural production
patterns. Continued growth in the
world’s population makes critical the
sugtaning ability of agricultureto provide
needed food and fibre.

Mechanization of the modern
farmstead has become a redlity, and
agriculturd endineers have been largely
responsible. Automation isnow thegod
in front of agriculturd engineers. The
different dimensions of agriculturd

engineering involve the management and
benefida use of soil and water resouroes,
control of soil erosion and soil moisture
for crop production, prevention of food
and water pollution.

Post-harvest processing such as
drying of grans and forages, washing,
grading and storage of fruits and
vegetables, including controlled
amosphere systems, and ginning of
ootton aretypicd on-thefamapplications
of agricultura engineering.

Hydraulicdly powered mechanized
systems of food and fibre production
extend from initid tillage of the soil
through planting, culturd practicesduring
the growing season, protection from
pests harvesting, conditioning, livestodk
feeding, and ddlivery of the produce for
processing.

Themost sophidticated technology is
used to increase the precision needed in
modern agriculture. Lasers are used for
laying out irrigation systems;
microprocessorsareused for sensingand
controlling intricate operations such as
oontrolling feed mixturesfor dairy cows
and grading fruits and vegetables;
electronic devices are used in the
automation of many harvesters Theuse
of aircraft has revolutionized many
farming operdions. Thecrop issown in
flooded fields, and fertilizers, pesticides
and herbiddes are gpplied fromtheair.
Thel ndian Perspective

Economic regenerdion through the
successive Five-Year Plans has made
ayicultureasourceof nationd pride. This
sector today provideslivelihood to about
60% of the labour force. It suppliesthe
bulk of wage goods required by the non-
agriculturd sector and raw materid for a
large section of industry.

In terms of gross fertiliser
oconsumption, | ndia ranks fourth in the
world, after USA, USSR and China The
country hasthelargest areain the world
under pulsecrops. In thefield of cotton,
India is the pioneer to evolve a cotton
hybrid. The country has made mgjor
breskthroughsin prawn seed production

and pearl culture technology. High
yidding varigiesof gransarewiddy used
for increesingtheagriculturd production
in the country.

The Indian Council of Agriculturd
Research (ICAR), set up in 1929, is the
apex body for formulating plans and
ooordinating research and fiedd work in
agriculture, animal husbandry and
fisheries through the medium of
extension agenciesunder the Centrd and
Sae Governments. It has a well-knit
network of many universities, institutes,
research centres and other bodies to
provide undergraduateand postgraduate
educetion.

Agricultural Engineering — Its Role

It istheengineering disciplinedirectly
concerned with developing means for
providing food and fibre. Nearly all
problemsthat agriculturd engineers ded
withinvolvebiclogicd mderids, systems,
and processes. Applicdion of physicd
and engineering sciences to the solution
of such problems is the distinguishing
feaureof agriculturd engineering

Anemergingareaof gred importance
for the future is the modification and
control of the soil, water and air
environment of plants. As greater
production is demanded from an ever-
decreasing availableland areg incressing
dtention is being given to modify the
natural environment to produce
conditions neerly ided for plant growth.
Controlled environment for anima
production within confined housing
systems is another area of activity that
interestsagricultura engineerstoday.

Solar energy
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AGRICULTURAL ENGINEERING

o

g ENGINEERING MANAGEMENT
(See page 13, subject 1 C 402)

]

(39 AGRICULTURAL HYDROLOGY
<

Group A

Hydrology cyde Hydrologicbudget. Inventory of the India’s
water. Space-timescaesin hydrology.

Types of watershed—<classification by size and by land use.
Quentitdivecharacterigtics of thedrainagebasinbasin order and
channd order, basin areg, basin shape, basin dope, centroid,
basin length, drainage density.

Atmospheric water vgpour and itsindices. Air drculation.
Wegther systemsand fronts Mechanismof precipitation. Types
of precipitation.

Measurement of rainfdl. Design of raingauge network.
Consistency of rainfal records, filling in missing records,
extension of apoint-ranfdl record. Meen ared predipitation.
Graphicd presentation of ranfal daa

Infiltration process. Zones of subsurface water. Factors
dfectinginfiltration. Messurement of infiltration. Empiricd and
andyticd modelsof infiltration. Soil moisture and soil moisture
losses.

Baseflow. Baseflow contribution to streamflow Baseflow
recession curve. Baseflow and physiogrgphic characteridics.

Evaporation process—factors affecting evaporation,
measurement, determination of evaporation from water
surfaces. Transpiration-measurement of transpiration.
Evapotranspiration—determination of transpiration.

Group B

Streamflow measutement—measurements of stage, velocity and
discharge. Siage-discharge reaionship. Extension of rating
curves. Relationship between rating curve and runoff
hydrograph.

Surface runoff volume—estimation using SCS curve number
method. Annua and seasond runoff. Flow mass curve
Streamflow hydrograph—components, factors affecting
hydrograph characteristics dementsof thehydrograph, baseflow
separation. Unit hydrograph—theory, application, limitations
of unit hydrograph theory, Shydrogragph, unit hydrograph of
different duration, derivation from measured daia Synthetic
unit hydrograph—Snyder method. Dimensionless unit

hydrograph. I nstantaneous unit hydrograph.

Flow routing—methods of reservoir flow routing, channel flow
routing using Muskingum method.

Hydrologic design—ypoint and regional frequency analysis of
hydrological data. Design flood estimation—selection of a
method, stepsin estimation of adesign flood, anaysisof design
storms, probable maximum precipitation.

Hydrological models—classification, introduction of selected

models.

Recommended Books

+ K Subramanyan. EngneeringHydrology. TdaMoGraw- Hill
Publishing Co. Ltd., New Delhi.

+ VP 3ngh. Elementary Hydrology: Prentice-Hal of India
Pvt. Ltd., New Ddhi.

*+ H M Raghunath. Hydrology—Principles, Analysis, Design.
New Agelnternaiond (P) Ltd., New Ddhi.

2 AGRICULTURAL SCIENCE

Group A

Plant scence. Morphology of seed, root, stem, lesf, flower
and fruit. Anatlomy of cdlsand cdlsdivision, tissuesand tissue
system, internd structures of root, stem and other plant tissues.
Physiology of transpiration, minera nutrition, photosynthesis,
nitrogen metabolism, respiration, growth and reproduction.
Soopeof microbiology, dassification, morphology, isolationand
propagation, micro-organisms and bacteria, industrial
bacteriology.

Soil science: Fundamenta principles underlying soil
formation and dassification, grest soil groups of theworld. Soil
oolloids, cation exchange phenomenon. Soil reection. Soil organic
matter, chemistry of carbohydrate. Protein and fat, their
decomposition products. Soil fertility management, essentid
dementswith spedd referenceto tracedeaments. SHineand dkdi
soils. Physicd model of soil, soil water, soil and plant aeration,
soil temperaure, soil colour. Soil physicsand afactor in tillage
and soil management.

Group B

Crop production: Past, present and futureof arop production
in India; Farm crops—their distribution, average and vield;
Environmenta requirementsof crops; Tillage practices, Seeds
and seeding practi ces; Management of soil fertility, Scheduling
of irrigaion; Pest management, harvesting, threshing, drying
and processing; prindples underlying crop rotation and aropping
systems; Dry farming principles and practices; Cultivation of
cropsand caendar of faam operdions.

Farm management: Management of farms; Basicprinciples
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in management; planning and budgeting decisions in farm
machinery use; Farm business, choice of input—output
combinations; Farm credit, risk and uncertainty; Agriculturd
price theory—demand and supply and pricing decisions,
consumer equilibrium; Competitive equilibrium. Agriculturd
employment and wages Marketing of agriculturd productsand
devdopments Marketing functions, marketing agencies; Sdes
planning and control.

Recommended Books

+ SPDhondyd. Fam Management. FriendsPublishers New
Ddhi.

+ C3ngh. Modern Techniquesfor Raising Field Crops Oxford
and IBH Publishing Co. (P) Ltd., New Delhi.

+ Handbock of Agriculture. ICAR, New Delhi.

+ T D Bisvasand SK Mukherjee Text Book of Soil Science.
TaaMcGraw-Hill Publishing Co., Ltd., New Delhi.

E SOIL AND WATERENGINEERING

Group A

Properties of soil: Void ratio, dry density, saturation
percentage, shear strength of soils, Mohr’s diagram and
Coulomb’s law:

Farth pressure: Rankine’s earth pressure theory, active and
passive earth pressure, wedge theory, Rebhann’s graphical
method and Coulomb’s method.

Stability of dopes, stability number, stressesunder surface
loading, compaction, consolidaion theory, shalow founddions
sefe bearing capadity, seepagethrough earth damsand flow net
congruction.

Hydrometeorology. Rainfal and itsmeesurement, andysis
of rainfal data, and estimation of rainfal amount and rainfall
intensity.

Factors dfecting runoff and its messurement, estimaion
of runoff volumeand pesk flow, hydrograph types base-flow
separdion, flood routing, and flood andysis.

Soil erosion and its effects: Mechanicsof wind erosion and
itscontrol, and water erosion typesand their causes.

Control of water erosion: Biologica and engineering
methods and their limitations, terraces and bunds, outlets and
grassed waterwaysand their hydraulics

Methods of gully control: Vegetdiveprotection, temporary
and permanent structures and their planning and design.

Ranwater harvesting: Concept and methods of onfarm
ranwaer harvesting, end design and condruction of fam
ponds.

Group B
Measurement of distanceand areas Division of surveying,

chain surveying, plotting and chain survey, and measurement
of aress.

Compass surveying: | nstruments, types of traverseandits
procedure, bearings, locd dtractions, magnetic declindion,
plotting the compass survey.

Plane teble survey: Equipment, setting up the planeteble,
method of surveying and its limitations

Levelling: Definition of various terminology, levelling
instruments (hand level, dumpy level and theodolite),
determindion of the reduced level (RLL) plotting of sections
and contours, and computation of earthwork.

Use of planimeter and pentagraph, and introduction to
minor instruments.

[ rrigetion and drainage: | rrigation and drainage development
in India, causes of inefficient utilization of weter resources,
soil-water-plant relaionships, estimation of reference
evgootranspiration (ETO), design of surfaceirrigation systems
and sprinkler irrigation systems, introduction to drip irrigation
system, irrigation efficiencies, crop water requirement, and
methodsof irrigation scheduling.

Dranageof agriculturd land: Drainage problems, drainage
requirements, drainageinvestigations, principles and practices
of agricultura drainage, important methods of in situ
determination of hydraulic conductivity, surface drainage
methods, drainage coefficient, subsurfacedranagesystems, drain
spadngformulae(steady sdateand unsteady state), well drainage,
interceptor drains, and moledrainage system.

Recommended Books

¢ B CPunmia Soil Mechanics and Foundations. Sandard
Book Distributors, Dehi.

A M Miched. Irrigetion: Theoryand Practice. Vikas Publishing
HousePvt. Ltd., NewDelhi.

+ V'V N Murty. Land and Water Management Engineering.
Kdyani Publishers, New Delhi.

+ B CPunmia Surveying Laxmi Publications New Delhi.

+ B C M4d. Introduction to Soil and Weter Conservation
Engineering Kdyani Publishers New Ddhi.

.

§ AGRICULTURAL PROCESS
2 ENGINEERING

Group A
I mportanceand statusof agro-processingindustriesin India
Massand energy bdancein various processing operations Fluid
flow and messurement. Various instruments and gppliances
for measurement of pressure, flow rae, velocity, temperature,
humidity. Motion of particles through fluid, fluidization and

its application in agricultural processing operations—pneumatic

transport, fluidized bed system.
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Cleening, grading, sorting of granular materids. Mechanicd
separator-gpecific gravity, disc, cylinder, centrifuga separators,
Centrifugesand cydonesepardors, Seving and sizesepardion.
Sze reduction and particle size distribution of comminuted
partides, energy requirement in size reduction; sizereduction
equipment and grinding mills. Agitation and mixing of solids
and liquids mixing effectiveness Vacuumand pressurefiltration.

Group B

Drying and dehydration principles; psychometrics; drying
theory and methods; driers and dehydration equipment, grain
dryers, fruitsand vegetablesdehydraors, milk and milk product
drying system.

Gran processing. Principles and equipment; premilling
operations and commercid milling of paddy. wheet, maize,
pulses and oil seeds sdection, operation, maintenanceof gran
millingequipment and plant; utilization of by-productsof grain
milling industries.

Grain storage: Principles and methods; Food and storage
structures—silo, bins, godowns and cold storage. Mechanical

hendling system; Conveyorsand eevators.
Recommended Books

¢ S M Henderson and R L Perry. Agricultural Process
Engineering AVI Publishing Co. Inc., Connecticut.

+ CWHal. Processing Equipment for Agricultura Products.
AVI Publishing Co. I nc., Connecticut.

+ C W Hdl. Drying Farm Crops. Agricultura Consulting
Asodiates| ne., Michigan.

¢+ A C Chakraborty Post-harvest Technology of Cereds
Pulsssand Oil Seads Oxford & |BH Publishing Co., Kolkda

+ CJGeankoplis Trangport Processesand Unit Operdions.
PrenticeHdl of India(P)Ltd., NewDelhi.

P~
S DESIGN OF AGRICULTURAL
2 STRUCTURES

Group A

Fam structures. Environmentd factorsaffectingdesignand
layout of farm structure. Farmshed planning Functiond
requirement of buildings for specid uses.

Floor and roof loads. Unit weightsof materids, estimation
of dead and live loads, foundations—Rankine theory of earth
pressure design of foundationsand retainingwalls.

Mderids for construction and their design properties.
Andysis of forces and principles of design of different kinds

of beams and columns. Most common types of roof trusses—

graphicd and andytica procedurefor evauaing forces-design
of joint members and gusset plates-truss connections.

Techniques of good concrete making-design of singly
reinforced beams doubly reinforced beemsand T beams. Shear

digtribution in reinforced concrete sections. Design of columns
and column footings.

Group B

Design of building for specid uses, storagestructures, dairy
farmsand poultry houses. Advanced farm dructure: Andysis
of forces, design of trusses.

Grain pressure theories. Codes of practice for design and
congtruction of sted and RCC column footing, beams, floors
and dabs Design of silos, warehouses and cold storage.

Ra proofing, fumigation and ventilation. Aeration system
for verious storage structures. Grain handling equipment and
their design and operation features.

Recommended Books
* Dillai . Reinforced Concrete Design.

Tata Mc-Graw Hill, New Delhi,

+  Sadhu Singh. Refrigerdion and Air-conditioning

Khanna Book Publishing Co. Ltd., New Ddhi.

¢« H JBareand L L Samuel. Farm Structure. Wiley
Internationd.

ir: REFRIGERATION AND
3 AIRCONDITIONING
(See page 63, subject MC 411)
NON-CONVENTIONAL ENERGY
SOURCES
Group A

Different forms of non-conventional energy sources—solar,
biogss, wind, tidds, geothermd, etc. I ntegrated energy package
using solar, wind, biomass, etc. Comparative study of non-
conventiond energy sources. Economics.

Soler energy. Solar collector, sdectivesurfaces, solar thermd
process. Design of solar system for heating, codling, distillation,
drying, dehydration, water pumping and power generation for
gpplication in agriculture. Utilisation of wind energy for
generding€ectrica and mechanica power. Typesof wind mill
and ther characteristics Mechanicsof wind mill. Design of wind
mill.

Group B

Oceen thermd energy conversion, geothermd energy, hot
spring and steam injection. Power plant based on OTEC and
geothermd springs.

Basic bio-conversion mechanism, recycling of agricultura
waste. Smple digester. Microbiologica conversion plant
materids to fuds. Biochemistry of anaerobic fermentation of
biomass. Design of biogas system for heding, lighting and

 RULES& SYLLABI

running | C engine. Economics of biogas utilisation.




Photovoltaic device, limitation of photovoltaic efficiency.

IFuel cells—development in fuel cells and applications.
Fusion energy. Control led fusion of hydrogen and helium,
etc. Present status and problem.
Recommended Books
+ S P Sukhatme. Solar Energy: Principles of Thermal

Collection and Sorege TaaMcGraw-Hill Publishing Co.
Ltd., New Dehi.

+ Chandra. Non-conventional Energy Sources. Khanna
khannabooks.com.
+ Biomass Combustion Technologies—Technical Service.

FAO.

+ EnegyConversion and RenewableEnergiesfor Greenhouse
Heating—Technical Service, FAQO.

FOOD ENGINEERING

AG 413

Group A
Elementsof food engineering: Composition and proximate

analysis of food products. Deteriorative factors and their
controls

Physical, chemica and biologica methods of food
preservaion. Water adtivity and itscontrol changes undergone
by thefood components during processing.

Flow processchart for processing variousagricultura produce
likegran, milk, mest, poultry, fish and vegetables | dentification
of common unit operationsin dl these processes.

Classification into mechanica and physicd unit operaions.
Mechanica unit operations: Cleaning, sorting, sedimentdion
and separation grading, filtration size reduction expression,
maeria handling system and devicesin food processing

Group B

Concentration and dehydrdion of foods: Propertiesof water
as acondtituent of food. Water activity and its measurement.
Factorsafectingwater activity and control of food spoilage.

Membrane and non-membrane concentration of foods.
Ultrefiltration and reverse osmosisof liquids. Evaporation and
boilingof liquid foods, batch and continuoustypeevaporators.
Evaporatorsfor high viscosity liquid foods.

Smultaneous heat and mass transfer in solid and liquid
foods during dehydraion. Constant and falling rate drying of
solid materids. Evapordion of liquid droplets. Spray and foam
mat and drum drying Freeze dehydration. Packaging of
dehydrated foods.

Design of fluid conveyance system, pipe, sanitary pipe
fittings and vaves, CIP system. Design of food processing

equipment including heat exchange equipment. Plant design
and layout.

Recommended Books

+ O RFennema Food Chemistry. Marcd Decker Inc., New
York.

+ WCFrazier and D C Westhott. Food Microbiology. Taa
McGraw-Hill Publishing Co. Ltd., New Delhi.

+ JG Brenner. Food Engineering Operations Applied Sdence
Publishers, London.

* C JGeankoplis Transport Process and Unit Operations
Allyn and Baker, Boston.

O RFennema Principlesof Food Scence Marcd Decker
Inc, New York.

.

BIOPROCESSENGINEERING

AG 414

Group A

Biochemica and biologica reaction systems, bioenergetics,
kineticsof enzyme catdyzed reaction, Michadis-Menten equation
anditsvaiousmodifications, microbid growth kinetics, enzyme
kineticswith free enzymeand immobilized enzyme, studies of
growth paternin bach cultureand CSTR system, mixed culture
sygem, biologicd wastewater trestment, activated dudgeprocess,
biogas plant design and devdlopment.

Group B
Bioreactors and their types, baich CSTR, bubble column,
arlift fermenter, multigagesystem, aeraion and agitation, design
and analysis of above reaction systems, media and ar
sterilization, thermd death kinetics, downstream processing,
recovery and purification of products, dcohol, acid, antibictics
and enzymes.
Recommended Books
+ MD Trevan, SBoffy, K H Goulding, P Sanbury (Eds.).
Biotechnology: TheBiologicd Principles Tada-McGraw Hill
Publishing Co. Ltd., New Delhi.
+ JE Baley and D E Olis. Biochemica Engineering
Fundamentas. McGraw-Hill Internationd.
+  Presoott end Dunn. Indugtrid Microbiology. CBSPublishers
& Digtributors, Delhi.
+ Meadf and Eddy. Wastewater Engineering Treatment and
Disposd Reuse TdaMaoGraw-Hill Publishing Co. Ltd., New
Ddhi.

+ SAiba A E Humphrey and N F Millis. Biochemica
Engineering Academic Pressinc., New York.

+ D JBell, . d. Downstream Processing Springer-Verlag,
Berlin.
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AGRICULTURAL MACHINERY

AG 415

Group A

Mechanisms and dynamics of agricultural machines:
Mechanism and conversion of motion. Andysis of degree of
freedom. Two— and three-dimensional kinematics of
mechanisms Synthesis of link mechanisms. Velocity and
accelerations. Analysis of mechanisms. Kinematics
representaion and andysis of mechanisms used in crop
production and processing machines. Synthesis of cams and
geer trains. Satic and inertiaforces in agricultura machines:
Bdancing of reciprocating and rotating parts. Dynamicandysis
of bets, ropesand chainsdrives.

Farm machinery: Manudly drawn smdl tools and devices,
bullock—drawn implements, tractor—drawn implements and
machines.

Basic dedign principles of farm machines, implementsand
tools, design and selection of primary and secondary tillage
implements. Design of seeders, planters, and transplanting
mechines Design of harvestingand threshingmachines Design
of transport tralers.

Group B

Agriculturd tractors Typesof farm tractors tractor dutches
and brakes Power transmission systemsand find drives. Traction
theory. Mechanics of farm tractor chassis Hitch systems and
hydraulic controls, steering system of tractors, tractor testsand
performance. Tractor power cost estimating Humen factorsin
tractor design.

Maintenanceand repair of tractorsand machinery. Preventive
maintenanceof tractorsand agriculturd implements. Repair and
overhaul of the tractor engines and implements. Adjustment
and reparsof hydraulic systems used in tractors. Maintenance
and retreading of tyres. Machinery management.
Recommended Books
+ Jagdish Ld. Theory of Mechanisms and Machines.

Metropolitan Book Co. Pvit. Ltd., New Ddhi.

+ AK Sivastava E C Goeringand RPRohrbach. Enginearing

Principlesof Agriculturd Machines ASAE Publication, USA.
+ RAKepner, B Royand Barger. Principlesof Farm Machinery.

CB SPublishers & Distributors, Delhi.

+ JB Liljedanl, WM Carleton, P K Turncoas D W Smith.

Tractorsand their Power Units John Wiley and Sons New

York.

DRAINAGE ENGINEERING

AG 421

Group A
The need for land drainage and design considerations for
land drainage.

Frequency and regression andysis of rainfal: Frequency
endysis, frequency-duraion andysis, theoreticd frequency
distributions, and regression andysis.

Estimating pegk runoff rates.

Collection, processing and interpretation of groundwater
dda

Determination of saturated hydraulic conductivity by
correlation, hydraulic laboratory, smal-scaein-situ and large-
scde in-stu methods, smdl scde in-situ methodsauger hole
and inversed auger-hole methods.

Components of water baances, water baances of the
sauraded and unsaurated zones, integrated water baances,
equations for water and sat baances, processing and
interpretation of bascwater baancedata, waer bdanceandysis
with flow nets.

Subsurface drainage systems. Steady state equations,
Hooghoudt and Ernst equations. Unsteady dtate equations:
Glover-Dumm and De Zeeuw-Héllinga equations. Special
dranagedtuations Dranageof dopinglands, interceptor, relief
and moledrains, types of subsurface drainage systems, design
of pipedranage systems, ingdlation of pipedrains, hydraulics
of drainage pipes, moledrainage.

Group B

Surface drainage systems: Bedding and traditiond land
forming system, land grading and land levelling cdculaions:
planeand profilemethods, field drains and fidd laterds, surface
dranage systemsfor dopingareas: cross-dopedrainage system,
standard erosion control terraces, and water digposd in doping
aress

Tubewd| drainage system: Tubewell drainage versusother
subsurface drainage system, basic equations of well fidd in
triangular and rectanguler patterns, basic equations of partid
penetration and semi-confined aquifers, design considerations,
well-field and well design.

Sinity in relation to irrigation and drainege, electrica
conductivity and soil water extracts, exchangeeble sodium,
dassfication of sdt-afected soils, crop growth affected by sdinity
and sodicity, st badanceof theroot zone: sdt equilibrium and
leaching requirement, sdlt storage, sat equilibrium and storage
equationsexpressed in termsof eectricd condudtivity, effect of
dightly solublesdtson thesdt baance, leaching processin the
root zone: leeching efficency coeffident and leeching effidency
coeffident in afour-ayered profile, sodium hazard of irrigation
waer, reclamation of sdt-affected soils: leaching techniques,
leaching equationsand chemicd amendments.

Influence of irrigation on drainage: Water baances and
irrigetion system efficiencies, combined irrigation and drainage
systems.

Environmenta aspectsof drainage: Environmentd impact,
side effectsinsdethe project area loss of wetland, change of
the habitat, lower water table, subsidence, salinization,
acidification, seepage, erosion, leaching of nutrients, pesticides,
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and other dementsand hedth, downsgream sideeffects: disposa
of dranageeffluent, disposd options, excess surfacewater and
seepagefrom drainage cand's, environmentd impact assessment.

Recommended Books

+ DranagePrindplesand Applications. Internationd | nstitute
of Land Redamation and Improvement, Wageningen, the
Netherlands Publication No. 16, 1994,

+ JN Luthin. Drainage of Agriculturd Lands. Number 7 in
theseries Agronomyof the American Sodiety of Agronomy,
USA.

+ JV Shifgaarde. Drainagefor Agriculture. Number 17 inthe
series. Agronomy of the American Society of Agronomy,
USA.

+ DrainageManud: Water Resources USD epartment of the
Interior Technicd Publication. Oxford & 1BH Publishing
Co. (P) Ltd., New Delhi.

+ USDA. Drainageof Agricultura Land. Scientific Publisher,
Jodhpur.

§ IRRIGATION ENGINEERING AND
2 HYDRAULIC STRUCTURES
Group A

Water resources of Indiaand its utilization for irrigation:
Scopeand sgnificant issues.

Water distribution pattern in cand commend areas. Gross
command areg, culturd command areg | ntendty of irrigation;
Dédta, duty; baseperiod and their rlationships.

Measurement of irrigation water in channels and pipes:
Weirs, flumes, and orifices meter gates Venturi meters and
pilot tubes.

Land gradingand fidd layout: Land grading and land levelling
procedures and equipment.

Plent-soil-amosphere-water interactions: Consumptiveand
evgpotrangpiration; methodsto determine evapotranspirdion;
Irrigation requirements; Soil water potential and its
messurement; | rrigation scheduling, irrigation efficiency.

Irrigation methods: Border, check basin, furrow, sprinkler
and drip irrigation, adaptability, hydraulics and design of
irrigetion methods.

Group B

Diversion head works: Layout of adiversion head works
and itscomponents, weirsand barrages, gravity and non-gravity
wars, diversion weirs and its types masonry weirs, rock fill
weirs, conarelewers.

The cand head regulator and silt control devices.

Water control and diversion structures: Check gates, portable
check dams, turnouts spills, siphon tubes.

Sructuresto control erosion in irrigation channels: Conoept
of hydraulic jump and its usefulness in hydraulic structure
design, open drops structures, pipe drop structures, chute
spillway.

Sructuresa chennd crossing Flumes, culvertsand inverted
siphons.

Weter conveyancesydtems: Cand of regimechannd concepts

Kennedy’s and Lacey’s theory. Design of field open channels

using uniform flow concepts. Design of underground pipeline.
Recommended Books

+  AMMichad. Irrigetion Theory and Practice Vikas Publishing
HousePvt. Ltd., New Delhi.

* V'V N Murty. Land and Weter Management Engineering
Kdyani Publishers, New Delhi.

* Gupta. Elements of Environmental Pollution Control.
KhannaBooks, Ddhi.

+ GO Shwab, D D Fangmeier, W JElliot and RK Frevert.
Soil and Water Conservation Engineering John Wiley & Sons
Inc., NewYork.

GROUNDWATER ENGINEERING

Group A

Groundwater flow: Elementary concepts and definitions,
occurrence of groundwater, aquifer properties, saturated and
unsaturated zones of flow:

Elementary theory of groundwater movement, equation
of continuity, Euler’s equation, Laplace’s equation, Kozney-
Carman equation, Darcy’s law.

Groundwater flow in homogeneousand isotropic medium,
stream lines and equipotentid lines, flow netsfor aguifer and
wels.

Stressin aquifer, fluid forcesin porousmedia capillary forces
D upuit-Forchheimer gpproximation, Boussinesg equation for
flow through unconfined aquifer.

Mechanics of well flow, steady radia flow to a well,
interference between wells, method of images.

Unsteady flow: Andysis of pumping test daa by Theis,
Jacob, Chow and Hanrush’s methods, hydraulics of partially
penetratingwells.

Group B

Management of saline aquifers, concepts of sea water
intrusion, causesand remedia measures, hydrostaicand hydro-
dynamicd gpproach.

Numericd and experimenta methodsin groundwater flow,
finitedifferencemethod, modd studies; sand tank and electrica
anaogue modeds.
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Surface and subsurface methods of groundwater
investigation, types of wells, drilling methods, choice of
methods, drilling equipment and tools.

Wl ingtdlation: Casing pipes and screens, gravd filters well
development, testing of wells, concept of safeyidd, water-well
COIrosion.

Instalation of pumps: Sdection criteriaof different pumps;
centrifugd, turbineand submersible pumps, maching of pump
with well.

Chemicd properties of groundwater; minerd andysis,
hardness electrica conductivity, pH, dissolved materid, water
qudity requirement for drinking and irrigation purposes.
Recommended Books
+ H M Raghunah. Groundwater. New Agelnternaiond (P)

Ltd.,NewDehi.

+ D K Todd. Groundwater Hydrology. John Wiley & Sons,

New York.

+ AM Michad and SD Khepa. Well and Pump Engineering

TaaMcGraw-Hill Publishing Co. Ltd., New Delhi.

+ B C M4d. Introduction to Soil end Water Conservation

Engineering Kayani Publishers, Ludhiana

SOIL CONSERVATION
ENGINEERING

Group A

Significance of erosion, extent of erosion, types of erosion—
geologicd and accd erded, factors affecting soil erosion, impact
of soil erosion on productivity and economy. Land capability
classfication.

Rainfdl anaysis rainfdl and runoff rdationship, rainfal and
runoff frequency anaysis, estimaion of runoff volume and
peak runoff.

Soil lossestimation: Universa Soil LossEquation (USLE),
Modified Universa Soil LossEquation (MUSLE), gpplicaion

of USLE and MUSLE for s0il lossestimation from agriculturd
weatersheds

Wind erosion: Factors&fecting wind erosion; mechanicsof
movement; wind erosion control measures (vegetative, tillage
and mechanicd); types of water erosion (splash, shedt, rill, gully
and gtreem bank erosion); factors afecting water erosion;
classification and typesof gully erosion, mechanics of sediment
movement.

Water erosion control and practices Biologicd (arop rotdtion,
cover cropping, contour farming, strip cropping, mulch tillage
or stubble mulching) and mechanicad measures (terracing,
bunding, and vegetativewaerways).

Terracetypes (bench terraceand broad baseterrace), design

of terrace system—terrace spacing; cross-section; length, channel

capeadity and layout.

Contour and graded bunds and their design, types of
vegetated waterways and their design.

Gully control practioe: Vegetativemessures(sod flumes sod
checksand plantation), temporary gully control structures(check
dams) and their design.

Group B

Permanent gully control structures: Types (drop spillway,
drip inlet spillway and chute spillway) and their design
(hydrologic, hydraulicend structurad).

Energy dissipators—hydraulic jump, different types of energy
disspdors, auxiliary devices

Farthen dams—uses and types, method of construction,
causes of fdlure, design criteria seepage andysis, flow net,
determination of seepage using flow-net, determination of
seepageline under horizontd filter and without filter.

Farm pond—types, site selection and design.

Rain water harvesting—methods and design criteria.

Watershed management—definition, classification,

waershed management progranmes, walershed models used
for soil conservation work.

Recommended Books

+ RSuresh. Soil and Water Conservation Engneering Sandard
Publishers and Distributors, Dehi.

+ V'V N Murty, Land and Water Management Engineering.
Kdyani Publishers, New Delhi.

¢ O P Gupta. Elements of Environmental Pollution Control.
KhannaBooks, Delhi.

+ G O &chwab, D D Fangmeier, W JElliot and RK Frevert.
Soil and Water Conservation Engineering John Wiley &
Sons, New York.

WATER RESOURCES
ENGINEERING

Group A

Generd: Water resourocespotentid of theoountry. N ecessity
for conservation and development of country’s water resources.
Need for multipurposeand single purpose projectsfor munidpd
and industria water supplies, irrigation, power, navigation and
flood control.

Water requirement: Generd requirements of water for
municipd and industria water supplies, irrigation, hyde power
projects, navigation and wastedisposd.

Hydrology: The hydrologic cycle, predipitation, streemflow,
evaporaion and transpiration. Hydrogrgph and unit hydrograph
andysis Estimation of runoff volume storagerouting Useof
ranfdl, runoff and streemflow data. Flood frequency and flood

formulaeSochastic hydrology.
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Sources of waer: Groundwater occurrence, hydraulics,
shdlow and deep tubewells, yield of awell. Infiltration gdleries.

Surface water: Necessity of storage, fixing capacity,
sedimentation of reservoirs, flood routing.

Flood control: Methods of estimation of flood discharge,
flood control reservoirs, flood wdls channd improvement,
evacudion and flood zoning, economics of flood control.

Group B

Water qudity: Generd requirementsfor domestic, industrid
and irrigation purposes. Need for control of industrial and
municipd effluentsdischargeto water sourcesused for drinking
and irrigation. Hazardous sdts soil suitability, soil moisture,
textureand structure.

Desdination of waer: Various methods, cost aspects of
desdination, re-use of wder.

Conveyance of water: | ntakes, choice of steon riversand
reservoirs. Outlet through earthen and masonry dams—
location, construction and precautions.

Planning water resources development: Objective and
requirements, project formulation, multipurpose projects.
Engineering economy in water resources planning, cost
dlocations.

Groundwater and tubewels: Origin of groundwater,
prospecting and testing of groundwater. Hydraulics of wells.
Types of wellsand their construction, drilling methods, types
of boring equipment, toolsand their use Well curbing, casing
pipesand well screens design of gravd filters. WH| devdlopment,
testing of wells.

Recommended Books

O RK Lindeyand JB Franzini. Water ResourcesEngineering
McGraw-Hill Internationd.

khannabooks.com, Ddhi.

O B SN Rgu. Waer and Waste Water Engineering. Tata
MoGraw-Hill Publishing Co. Ltd., New Ddhi.

FARM MACH INERY

Group A

Agriculturd systems engineering: Systems design, andysis
and control in agriculturd engineering Sudyof systemsdesign
techniques for agricultural problems—need analysis, activity
andysis, and synthesis of solutions and feasibility study
induding modeling and simuldion.

Farm machine dynamics: Dynamics of farm machine
elements Vehicle dynamics in agricultura engineering: (a)
Vibrdion, (b) Lumped model systems, (c) Transient response
of tractors. Particle dynamics in agriculturd engineering: (a)

O O P Gupta. Elements of Environmental Pollution Control.

Trajectory of seeds and granular fertilizer, (b) Dynamic
considerationsfor flail knivesand their gpplications.

Maintenanceand repar of tractor and machinery. Preventive
maintenanceof tractorsand agriculturd implements; Repair and
overhaul of the tractor engines and implements. Adjustment
and repar of hydraulic systems used in tractors. Maintenance
and retreading of tyres. Dranber and hitches Tradtor and
machinery management. Cost of usingtractors.

Group B

Land reclamation and earthmoving machinery: Land
reclamation—methods of clearing tropical forest and scrub
jungle, selection of machinery, reclamation of weed infested
lands-crawler tractors, bulldozers, angle and tree dozers, power
control units rooters and root rakes—scrapers and graders.
Construction of bunds, terraces and ditches. Andysis of cut
and fills machinery for field and base workshop. Socking of
spares and mechanical store handling—cost of operation.

Various water-lifting devices: Pumps and their classification,
basic theory of pumps—ideals head, torque, horsepower
equations Circulaoryflow, percolation, lossesand coefficients,
performance curves, dimensionless parameters specific speed,
efficiency and sdection. Cavitdion parameter, suction head,
changesin pump charadterigticsdueto changesin fluid properties,
gpeed impeller diameter, etc. Design of radid type centrifugd
pumps—impeller dimensions and vane angles, design of vanes
and volute. Multistaging pump testing mode prototype
corrddion, pump ingtdlaion under different conditions, pump
selection end economics

Recommended Books

O B Roy, RA Kepner and E L Berger. Prindiples of Farm
Machinery. John Wiley and Sons, New York.

O JM Shippen, C R Ellin and C H Clover. Basic Farm
Machinery. Pergamon PressLtd., UK.

O AK Sivastavg C E Georingand RP Rohruch. Enginesring
Principles of Agriculturd Machinery. ASAE Publicdion,
Michigan, USA.

NON-CONVENTIONAL ENERGY
SOURCES

(See page 117, subject AG 412)

g FARM MACHINERY DESIGN
<

Group A
Basicdesign principlesof faam machines faamingoperaions
and related machines. Mechanica design of power transmission,
fluid power.

|EI EXAMINATIONS | “




Design of primary and secondary tillage implements
procedures and machines for seeding, precision planting and
trangplanting

Design and application methods for dry chemicals,
application of liquid chemicas, methods and equipment for
ferdlizer distributors. Design of spraying equipment—hand

held, backpack type and tractor drawn.

Designof harvestingmeachinesfor cereds pulses root crops
fruits, nuts, vegetablesand forage.

Group B

Design of manudly operated threshers, power operated
threshers for different crops. Design of farm transport
equipment.

Design of equipment and machines for conveying of
agricultura materias. Screw conveyors, pneumaic conveyors.
Bucket conveyorsand forage blowers Test codes Performance
indices.

Sdection of machines for various farming systems. Fam
mechinery management, machinery cod, replacement, breskeven
hoursof use of machines and matching of machinesto power
SOUrces.

Recommended Books

O M P Poomial.& S C Sharma. Mechanicd Engineering.
Khanna Publishing, New Delhi.

O Sidhu Singh. MachineDesign and Machine Design Data
Book, khannabooks.com.

0O GKrutz L Thompsomand PClaar. Design of Agricultura
Machinery. John Wiley and Sons, New York.

O B Roy, RA Kepner and E L Berger. Principles of Farm
Machinery. John Wiley & Sons, New York.

O H Bernacki, J Haman and C S Kunafozski. Agriculturd
Machines—Theory and Construction—Vols I & II. USDA
Publication.

TRACTOR AND TRACTION
EQUIPMENT

Group A
Power unitsof tractors. Governorsand governor controls.

Tractor engineperformance characteristics Tradtor testsand
performance. Mechanicsof traction and transport devices.

Mechanicsof farmtractor chessis Tractor dutchesandbrekes
Power tranamission systems and find drives. Hitch systems
and hydraulic centres. Seering systems.

Human factors in tractor design. Tractor power cost
estimation.
Group B
Grading of sloppy lands. Prindples and mechanisms of

crawler mounted tractors. Dump trucks and their mechanism
and hiring equipment.

Earth diggers and ditchers Bulldozers and scrapers.
Elevaorsand sdf-powered graders.

Automaion of earthmoving and grading machines. Boring
machines. Different methods of boring tubewells.
Recommended Books

O JBLiljedatil, WM Carleton, PK Turnquist and D W Smith.
Tractor and their Power Units. C B S Publishers &
Disgtributors, Dehi.

O Ben D Moses and K R Frost. Fam Power. John Wiley
Internationd.

O Haris Pearson and Smith. Faam Machinery and Equipment.
McGraw— Hill International,

<

(See page 62, subject MC 407)

DESIGN OF MACHINE ELEMENTS
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ARCHITECTURALENGINEERING

Ancient Indian Architecture—A
Pillar of Civilization

Any Indian familiar with the history
of Indian dvilization, cultureand heritage
feels proud of India’s outstanding
achievementsin thefiddsof architecture
and civil engineering Thewholeof |ndia
is dotted with magnificent structures
comprisingof stupas, temples, mosques,
churches, paaces, fortresses, etc. which
havestood for centuriesbearingtestimony
to Indian ingenuity, cregtivity, assthetic
senseand professiond skillsin the ebove
fidds. Beit thetemples & Elloraor the
Tg Mahd a Agra, examples bound to
make it a wonder on architectural
excdllence, aesthetic, engineering skillsin
design, workmanship and construction
technology.

Architect and N ew Construction
M aterials & Techniques

Thearchitect of today isboth an artist
and an engineer, who must synthesisehis
architectural ideas with scientific
knowledge of design and condtruction of
civil structures. He must be conversant
with the avalable resources in 1abour,
techniques and materids to produce a
harmonious, durable and functiona
structure in line with his architectural
concept.

Architecture has always been
constraned by theavailability of meterids
and restricted by techniques of designand
construction. Discovery of newer
materids of construction dongwith the
development of sophisticaed design and
construction technology, steel-framed
superstructures and reinforced and
prestressed concrete have provided the
architect an unlimited scopeto usetheir
cregtiveimagination to put up structures
which not only display architectural
elegance but dso meet the functiona
requirements without jeopardizing
structurd sefetyin anymanner. Thus, the
modern structures represent a
harmonious blending of art, aesthetics,
environmental considerations,
applicaion of sophisticated design and

The term Architectura Enginesring
is used to indicde a fidd embracing 4l
the engineering aspects of building
design, indudingmechanicd and dedricd
equipment, acoustics, illumination,
arconditioning, safety measures and
layout. When used in this broader sense,
architectura engineering connotes
building structures &s its speddity, since
the growing complexity of other fields
generdly requirestheir engineeringdesign
to be accomplished by specidids trained
in the pertinent branches of engineering.
However, the coordination of the
structurd, mechenica and dedirica espects
with each other and with the architecturd
scheme is often the responsibility of the
architecturd engineer.

According to Nervi, “The themes
submitted to the designer are every day
loftier and of greater structural
importance. The schools of architecture
will fail in their @ms and architecture will
become empty formdism, unless we give
our young architects the kind of traning
necessary to tackle such problems. |
bdieve, therefore, tha the schools of
architecture should above all teach
srudurd correctness which is identicd
with functiond, technica and economic
truthfulness and is a necessary and
sufficient condition for satisfactory
aesthetic results. The aesthetic results
achieved by these means usudly suffice
even if they do not reach the superior

heights of art”,

construction technology and expression
of modern culture.

It isunderdandable that architecture
and engineeringplay complementaryroles
from conception to construction, though
therddiveimportanceof ether would vary
from structureto gructure, In the case of
a temple, a church or a mosque, the
achitecturd considerationsmay outweigh
theenginesring requirements of economy
but thesameisreversed inthe case of a
bridge, ahospitd or an industrid building
Thefact remainsthat for proper planning,
designing and erecting a structure, its
intended functions, architectura needs,
qudity of construction, durability and
overd| cost have dl to beweighed and a
judicious gpplication of the sciences of
achitecture and engineering have to be
made. Thus, an architect, to betrueto his
profession, needsto bean engineer aswell.

Role of Architectural Engineers

Intheplanning and execution of large
and complex civil enginesringworks, I ndia
has made rapid strides in the last two
decades. It is now recognised that
achitecture and aesthetics ae no longer
confined exclusively to buildingsbut play
an important part in the construction of
bridges, flyovers, warehouses, factories,
spedid strudturesfor hydro/ thermd power
projects, marine structures, landscaping
donghighways, eic.

132
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ARCHITECTURALENGINEERING

§ HISTORY OF ARCHITECTURE

g

Group A
Indanarditeture Prehigtoricand primitivearchitecture. Sudy

of art and architecture in Indus Valley. Vedic village—social
conditions and way of life. Rockcut temples, viharas, caves,
limitations of implements. Buddhist, Jain and Hindu
architecture—reflection of religious thought and way of life.

Idaric aditeture Culturd differences and similarities of
local inhabitants and invaders. Influence of advanced
technology—domes, arches, vaults, conversion of places of
worship into new needs of invaders.

Sudy of early buildings in India expressing vigour in the
formof buildings. Sudy of advancement of building technology
and space conception in placeslike Bijapur, Mandu, Fatehpur
Skri.

Sudyof theexamplesof Moghul architecturesuch astomb,

fortsand pdaces, and the development of various provincid
stylesof architecturelike Sudh, Bijapur, Gujara, etc.

Group B

Farégn ardiiteture Devdopments of styles and forms in
Europe, Egypt, West Asia, Gresk and Roman architecture
D evdopmentsin Renaissance and Boroqueperiods. | ntegration
of indoor and outdoor frames, study of development of art
formswith respect to culturd events.

Maoen ardhitedure Roleof sted, RCC, duminium, plastics,
glass and timber technology in modern buildings. Modern
skyscrapers, Chicago school works, Frank Lloyd, Machintosh,
Le-Corbuser, Nervi, c.

Recommended Books
w PK Achaya A Dictionary of Indian Architecture.
w P Brown. Indian Atrchitecture—Buddhist and Hindu.

w B Fletcher. A History of Architectureon the Compardive
Method.

w A D FHamlin. A Text Book of Historyof Architecture

w PP Brown. Indian Architecture—Islamic.

o

g ENGINEERING MANAGEMENT 3 BUILDING SERVICES
O <

(See page 13, subject 1 C 402) Group A

Saitaicn: |mportance and basic gpproach. Location of
sanitary units. House drainage system. Sewers—materials,
workmanship, septic tanks, testing of drains, gradients,
ventilation, locd bye-laws, maintenancetrgps of varioustypes.
Planningand layout of lavatory blodks, different typesof senitary
fittings and their instdlation, selection and testing of fittings.
Layout of sawersand drainsin various types of buildings.

Daredic water aypoly: Meter chambers, overhead and
underground tanks, pump houses, instdlation, selection and
testingof pressurefittings Domestic hot water supply. Layout
of waer supply system in buildings of various types.

Drainage sneragpand smeged 3oosd: Sewage disposd systems
for smdl projects, tregtment plants, gas plants, disposa of
refuse, incinerator, refuse disposd in high rise buildings,
treament of industrid refuse Refuse and pollution problem.
Externa drainage and sewerage systems.

Amudics Basic problems, criteria and terminology.
Transmisson of sound inrooms speach privacy between offices
coefficient of sound ebsorption, noisereduction, co-efficient,
dassification and selection of aoousticd materids, acoustics of
auditorium, schoals, religiousbuildings, recommendationsfor
acousticd tregtment.

Group B

Air-andtioning hegting and vetilatiar Different types of
heating equipment, viz, radigors, convertors, electric radiant
pand heders. Requirementsof comfort conditions, temperdure
control, humidity control. Mechanical ventilaion, plenum
system, exhaust system, fansexhaust and blower fans, ar filters
of different types, air-conditioning plants and layout of ducts
for cinema, auditoriums, offices, hotels, etc.

Fire fighting Cause of fire, spread of fire, fire-fighting
equipment and different methods of fire fighting, sprinklers,
firereguldionsand requirements of fireinsurance, fire-fighting
in high rise buildings.

Elatricd ssvicss Generd distribution of eectric power in
towns, sub-gttionsfor small schemes and industrid units, meter
rooms, electrical installations in buildings, electrical wiring—
different maerids employed and specifications, eectrica
gppliances and dectrica services, earthing, bye-laws pertaining
to dectrica inddlaions Different types of artificid lighting
systems. Lighting systems for residentid buildings, public
buildings, hotels, cinemas, hospitas, exhibition hals, libraries,
schools, colleges, scientificleboraaries, etc.
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Recommended Books

w  The Use of Architectural Acoustical Materials—Theory and
Practice. American | ngtituteof Acoustics.

w ASHRAE Guide and Data Book. American Sodety of
Heding, Refrigeraion and Air-conditioning Engineers.

w C M Harris. Noise Control Handbook. Mc-Hill
Internationd.

w B Louis. Design of Plumbing and Dranage Systems.
Industrid Press, New York.

w HM Sharp. Introduction to Lighting

2 QUANTITY SURVEYING,
SPECIFICATIONS, CONTRACTS
< AND VALUATION

Group A
Edins=ting | ntroduction, definition, objective, scope and
importance. Approximaeedimateon plinth areabasis esimae
based on cubic content method asapproved by | ndian Bureau
of Sandards. Estimatebased on detdled quantitiesand mode
of meesuraments as per BIS1200.

Quartity aneing Bill of quantities, methods of taking off
quantities, preparation of abstract. Units of work and rae
andysis. Quantitiesfor excavdion, foundations and quantities
for load bearing structures. Quantities of RCC and prestressed
structures. Quantities for steel structures. Quantities for
services—plumbing, water supply sewers, electrical services, air-
conditioning and acoustic trestment, lifts, etc. Quantities for
land development and access roads. Queantities for landscape
work. Measurement of completed works in accordance with
practicestipulated by Nationa Building Code.

Rdeandyds Rateanaysisof important itemslikematerids,
labour, plant and contractor’s profit.

Spadfictions |mportance of specifications, methods of
developingspecifictions, typicd spedficionsfor buildingitems,
standard reference

Group B

Exeation o arifrad: Narure of supetvision—periodical/
full time. Appointment of clerk of works, resident engineer,
resident architect. Qudity control and workmanship. Powers
and duties, gppointment of subcontractor, appointment of
specidists and consultants and co-ordination of their work.
Payments earnest money, security deposits, interim and find
bills.

Prablers arisng aut  qoaatian of antrad. Extra items,
variations. Progress and stages of execution. Termination of
contract. Certificateof completion of contract, arbitration, forms
and procedures.

Vaudtion: Introduction—techniques of valuation, clements

of vauation and factorsaffecting vd uation. Methods, vauation

of landed property and building property, rate of interest for

sde, purchase, mortgage, capitd gainstax, wedth tax, estateduty

and death duty. Compensation—valuation for compensation

on acquisition, compensation under centra and statelegidation,

relevance of Town Planning Act. Types of valuation—svaluation

for renewd of lease, extension of leasse, standard rent, easement

rights, dilapidation, insurance, estate development and advice

of investment policy. Report—preparation of feasibility report,

vdudion report, awards, €lc.

Recommended Books

w B N Dutta Egtimating and Costing in Civil Engineering;
Theory and Practice. UBSPublishers & Distributors, New
Ddhi.

w PL Bhasin. Quantity Surveying SChand & Co. Ltd., New
Ddhi.

w S C Rangawda Vdudion of Red Properties Charotar
Publishing House, Anand (Gujarat).

< SURVEYING, BUILDING
4 CONSTRUCTION AND MATERIALS

Group A
| deas gbout chain survey, compasssurvey, planetablesurvey,
levelling and theodolite survey:.

Curves Smple, compound, reverse and transition curves
Verticd curves for roads and ralways. Curveranging Setting
out curveby offset and by methodsof deflection angles Length
of curvecdculdion (accessbleand inaccessble), curvetables

Setting out building works.
Buldng Candrudion

Component-brick masonry. English and Flemish bonds
Other types of bonds. Solid and hollow blocks.Sionemasonry
of different types, types of finishes, pointing, plastering and
finishes. Timber partition wdls, doors, windows, and skylights
of timber and metds. Lintds, floor finishes, tiles, Indian paent
stones marble Shahbad and Tandur tiled flooring.

Fao 3dars Beam and dab floors flat dab, rectangular and
diagrid systems, present units, hollow tile flooring, timber
flooring, precast floors.

Aasss Various types of staircases ramps lifts escaators
emergency exits, bye-law requirements Prindplesof barier-free
accessto handicapped persons

Basarais Hanning, design and construction of basements,
waerproofing, disposd of seepage, security measuresin bank
vaults, precautionsagaing flooding and fire, groundwater uplift
in basements.

Rads Sudy of various types of roofs, sted, timber, and

pre-caet trusses, corrugated sheetsof sted, duminium, etc,, tiled
roofs, RCC roofs, domesand shedlls.

. RULES& SYLLABI
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Finishes Different types of internd and externd finishes,
exposed, textured and plastered concrete work, plastering—plain,
rough set, textured, fibrous, pebbledashed, gypsm and plaster
of paris, gunniting, their specialities and appropriate
applications Useof tilesfor externd finishingand other dadding
materids.

Group B

Bricks and tiles —manufacture, types, quality requirements,
tests. Stoneware products—manufacture, quality requirements,
tests, joints. Limes and cements—types, manufacture,
requirements of IBS codes and admixtures. Stones and sand—
igneous, metamorphic and sedimentary stones, geologic
formations, strengths and tests. Sands and fine aggregate—
sieveandyds requirementsfor building purposes, BSstandards.
Rural materials—bamboo, thatch, hay, coir, casurina, palmyra,
etc.—their study and uses in rural construction. Stabilized soil
construction, innovation and improvements of their
characterigticsfor building purposes. Current trendsin theuse
of mud for house building

Méeals and allgs Cast iron, mild sted, high tensile stedl,
specid steds, manufacture and requirements of Bl Stests. Bar
and standard sections. Electrodes, duminium, brass, copper,
bronze, lead, zincand gun metd, architecturd mix.

Timbers Genera properties, common methods of
preservaion, varieties of timber in common use. Essentid
requirementsfor building and furniturework. Testsrequired by
Bl S laminates, plywood, joints and methods of joining

Rarts varnigesandpdighes Purposes, types, choiceof paint,
cement paints, preparation of surfaces, methods of gpplication.

Insulating mateials Fibreboard, thermocole, asbestos,
softboard, suitability for insulaion aganst heat, sound and
eectridity. Fireresigance requirementsof BIS methodsof fixing

Aadics Classification, types, merits and demerits epoxy,
polymer, their engineeringand architecturd uses, fibrereinforeed
plagtics.

Testing of materids commonly used in building industry:.

Buildinggass: Varieties, thickness.

Recommended Books
w S K Sharma. Civil Engineering Contruction Materials.

Khanna Books Publishing, Delhi.

w  RC 8nith. Materidsof Congruction. Mc-Gill | nternetiond.

w ] KMcKay. Building Construction—Vols I to V. Longmans.

w SK Shamaand B K Kaul. Text-book of Building
Congtruction. SChend & Co. Ltd., New Délhi.

P~
N ARCHITECTURAL DESIGN

:

Group A
Badcraquirerants Requirements of building with reference
to purpose and function, environment, dimate, materids and

methods of congtruction.

Desgn: Marketing centres, offices, clinics, schools,
gymnasiums. Block of flats, offices, educationd building,
departmentd stores, libraries, industria building, recreation
centres, leboraories.

Introduction to energy—cfficient design of buildings.

Group B

Socid housing: Housing in rddion to nationa economy
housing policies and programmes of the five—year plans; study
of various housing schemes such aslow income group housing
schemes, slum clearance schemes, eic. Housing design and
sandards, desirablestandardsfor variousincomegroups, dimatic
considerations in housing design; land sub-divisions and
preparation of housing layouts; study of building rules,
regulations, bydaws and codes; plot dimensionsand densities.

Basrl n theaboetqaics theexamndlian will behdd far a paiad
d far hars Theandcatewill beexpated topradliepans dedian,
slian, dc an drawing peper with affident dmensansto explain the
ghere Rergatievievand ddalingd interedingpation may beachiad
by hm Enphads d the prdblers gdl be an the aranggraits o
\variaus fundiond areas an the bads o dita prodced Prestatian
teimiques analyds o area requiraretl, dindic anddadians axd
fdlowing inparitant buildng regidians
Recommended Books
w CCorrea CompleeWorksof CharlesCorrea
w Mills. Planning: The Architects’ Handbook.

W A K Jain. Housing For All. (khannabooks.com)
Khanna Publishing, Delhi.

w De-Chaia TimeSaver Sandardsfor (a) Architecturd Design
Dda, (b) Residentia Development, (c) Building Types and
(d) StePlanning

SOIL MECHANICSAND
FOUNDATION ENGINEERING

Group A

Sal idetificdion and dassfician: Introduction—soil as a
three-phase system. Atterberg’s limits and indices; weight-
volumerddionship; partidesizeandysis, specificgravity.

Physd andnmethania prapaties Compaction characteridtics;
determination of field density; standard and modified Proctor’s
tests Permesbility and laboratory determindtion; field pumping
tests, effectivestress principles, flownetsand their applicdions.
Elements of shear strength; study of laboratory direct shear;
uncontined compression and triaxial shear tests. Theory of one—
dimensiond consolidation; prindiples of methodsof estimation
of settlements.

Subaurface invedigations Exploratory borings, depth of
exploration; spacing and number of boring; methods of
sampling and types of samples; borelogs; core recovery; rock
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qudity designation; field vane shear test; standard penetration
test and its applications, field plateload test and limitations.
Group B

Ultimete baring cpadty o shallaw fancations Concepts of
ultimae beering capeacity; important parametersinfluencing the
ultimate beering capaity; estimaion of safe dlowablebearing
capecity. Plate load test. Elements of combined and raft
foundations.

Depfaunddions Classification of piles; bearing capacity of
deep foundations; settlement predictions in case of pilesin
compressible soils. Elements of well founddions. Pile load
test and useof relevant BScode.

Imoradng the sl & ste Different methods of improving
soil characteristics & site. Elements of soil stabilization, sand
drains and vibroflotation techniques. Use of geotextiles.

Recommended Books

w B C Punmia Soil Mechanicsand Foundations. A Saurabh &
Co. (P)Ltd., Chenna.

w J Jhaand S K Snha Construction and Foundation
Engneering Khanna Publishers Delhi.

w V' N SMurthy. Soil Mechanicsand Foundaion Engineering.
Dhanpa Rai & Sons, Dehi.

CONSTRUCTION TECHNOLOGY

Group A

Clearingof ste diversion of serviges planningand execution
of temporary works, provision of infrastructurd facilities, line
out/ layout of works.

Fanddians Open founddions, shoring and strutting, pile
founddions, varioustypesof pilessuch asunder reamed, cast-
in-situ precadt, etc., sheet piles, diaphragm wadl, problemsin
water-logged soil, black cotton soil problems brick end stone
masonry in foundations. Raft foundations, machine
foundations, use of bentonite, foundations for timber and

steel-tramed structures, anti—termite treatment of foundations.
Group B

L cad baring and framed drudures Comparison—mode of
action, rigid frames, earthquakeresistnce, timber, sed andRCC
frames. Precast columns and beams. Connections. Bye-law
requirements. Design of formwork, stationary formwork,
diding and dip forms, materids for economicd and reusable
forms, maerid storage practices, design, erection and removd
of scaffolding, Structural steel construction—shop fabrication,
erection, rivetted and wdded connections, fire and corrosion
protedion. RCC and prestressed conarete congruction practices,
prefabrication and precasting Jbining, detaling, bar bending,
schedule and shop drawings, modular coordination,
standardization, manufacture, storage, transportation and

rejection of precast components. Advantages and limitations
of ready mixed concrete. Construction equipment—use of
tractors, bulldozers, shovels, draglines, cablewap and bet
conveyors, baching plants, transit mixers and agitator trucks
used for ready mixed concarete; concrete pumps, grouting pumps,
ar compressors, welding equipment, cranes, hoists and other
liftingdevices, vibrators, water pumps, trolleys, etc. Field tests
on materids and finished components, qudity control
techniques.

Recommended Books

w S K Sharma. Civil Engineering Contruction
Materials, KhannaBooks, Ddhi.

w W C Huntington. Building Construction. Wiley
[ nternationd.

w PN Khanna. Indian Practical Civil Engineers’ Handbook.
Engineers’ Publishers, Delhi.

THEORY OF STRUCTURES

AR 413

Group A
Sopesand deflectionsin amply supported beams; double
integration and moment areamethods. Theorem of moments,
fixed and continuousbeams. Eccentricloads on short columns.,
Long columns, secant and empirica formulae. Columns
subjected to lateral loads. Basic elastic theorems; Castigliano’s,
Maxwell’s, Betti’s theorem and Mueller Breslau’s principle.

Group B

Deflection of framed structures. Redundant framed
structures. Movingloadson smply supported beams. Influence
linesfor bendingmoment and sheer forcein ddicdly deteminae
beams and forces in members of framed structures. Moment
distribution and slope deflection methods. Kanis methods—
application to continuous beams and portals. Arches—3 hinged,
2 hinged and fixed. Sugpension bridgeswith gtiffening girders.
Recommended Books
w  SRamamrutham. Theoryof Sructures Dhanpa Ra & Sons,

Ddhi.

w  STimoshenko and D H Young Elementsof Structuresof
Méerids D Van Nostrand Inc.

w Vazirani and Rawani. Andysis of Structures: Vols!| & 11.
KhannaPublishers, Dehi.

PRESTRESSED AND PRECAST
CONCRETE STRUCTURES

AR 414

Group A
Cawee tedndagy: Types of cement, their manufacture,
propertiesof coarse and fine aggregate and their influenceon
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qudity of concrete. Testing method of materids Grade of
concrete; dtrength requirements and workability methods of
selection and proportioning of materids; water cement rdio;
introduction to mix design. Destructive and non-destructive
methodsof testingof concrete: Shrinkageand creep of concrete.
Pread anode Requirements of industridised buildings,
standardization of precast dementsand unification of building
design. Influence of manufacture, transport and erection
technologies on design solution; expansion and contraction
joints. Joints and connections; classification and their
requirements. Advantages and disadvantagesof precast concrete
condrudion; different typesof unitsinvolved in generd building
construction, induding residentid, factory and industria framed
structure; ther generd principlesof design; mechanicd handling
of largeprojects.
Group B
Predressel anarde Historicd development, basic concepts
of prestressing, materias used and their properties; methods
and systems of prestressing Losses in prestress Andysis of
sectionssubjected to prestressand externd load; generd prindples
of design; Kern points, cableprofile; choiceof sections, principa
tension; advantages of prestressed concrete over reinforced
concrete. Use of prestressed concrete for long span bridges,
hangers, auditoria elc.
Recommended Books
w S B. Vanakudre. Prestressed Concrete, khannabooks.com.
[<hanna Books, New Delhi
w CWGlover. Sructurd Precast Concrete. C RBooksLtd.,
Dehi.
w  Koncz-Banverlag Manud of Precagt Concrete Construction
Principles of Roof and Floor Units.

STRUCTURAL DESIGN

Group A

BSloading: Dead loads, live loads, wind and earthquake
loadings.

Sed o597 Rivetted and welded joints subject to direct loads
and moments. Tension and compression members Plate
grders ldticegrders. Columnssubject to axid loadsand ecoentric
loads. Gussetted bases and grillages. Design of trusses, devated
tanks slos, stacks buildingframes highway bridges Elementary
limit design. BScodeof practicefor sted structure.

Group B

RCC: Slabh—singly, 2-way reinforced and flat. Beams—
rectangular, T and doubly reinforced. Adhesion, bond anchorage
and shear reinforcement. Axidly and eccentricalyloaded columns.
Footings, singeand combined, rafts Design of retaningwals,
building frames, waler tanks (underground and elevated),
bunkers, silos and highway bridges. Elementary ultimae load
theory. Prestressed concrete. Principles and practice of

prestressing BScodeof practicefor RCC.

(Use of relevant BS codes and sted! tables dlowed in the
examination hdl.)

Recommended Books

w A SAryaand JL Ajmeni. Design of Sed Sructures. Nem
Chand and Bros(Publishers), Roorkee (UP).

w  SRamamrutham. Design of Reinforced Concrete Sructures.
Dhanpa Ra and Sons, Delhi.

w Bureau of Indian Sandards BI SHandbook for Sructura
Engineers—Vol I; Structural Steel Section—Vol 11; Steel
Beams and Plate Girders—Vol 111; Steel Columns and
Structures. Mangk Bhavan, Behadur Sheh Zda Marg, New
Ddhi.

EKISTICS

Group A

The science of human settlements—subject and its
components. Agpects and dements of human settlement.
Ekistic units and grid. Study of human sertlements—disciplines
of humen settlements. Methodologies of ekidtics.

Pagatives far ekidics Bkistics analysis—anatomy and
physiology of human settlements. Rura and urban settlements.

Group B

Ekidicadutiar Evolution of species, growth of settlement,
transformation of settlements, ekistics pathology and
diagnostics.

Ekidic thaory: Principles and laws of ekistics, laws of
development, internd baanoeand physicd characteristics, human
needs, forces shaping settlements, ekistics synthesis. Ekistics
therapy—elkistics goals, new tasks ahead, ekistics practice.
Recommended Books

w  Bkistics—An Introduction to the Science of Human

Sattlements Hutchinson & Co., London.
w Journd on Ekistics. Hutchinson & Co., London.

TOWN PLANNING AND
LANDSCAPE ARCHITECTURE

AR 422

Group A

Introdudian: Evolution of town planning, ams and
objectivesof urban and rurd planning; study of socioeconomic
and demographic characteristics of villages, towns and dities;
their present growth trends and future needs; contemporary
planning concepts—Goddes, Howard, Dosciadis, Perry and La-
Corbusier.

Aamingprdiers | dentification of planning problemsreaed
to land use, digtribution and change; communicaion system;
overcrowding; slums, sporadic growth and conurbation;
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devdopment of satellitetowns; urban renewa.

Aaming angs |mportance and techniques of planning
aurveys, sources of information; andysis of data and use of
inferences for working out planning proposas.

Raming dandaras Formulation of planning standards for
land use, dengty, roadsand various community fadlitiesat locd
and town levels.

Deadqorat plan: Planning process; concept of master plan,
itselements, preparaion and implementation; detaled planning
proposasfor residentid neighbourhood.

Rejand plaving Concept of regiond planning, types of
regonsand locationd factorsof settlements. A criticd review of
regiond theories

Ramingegdation Review of the development of planning
legigations in India, UK and some other countries; detaled
study of laest planning of Adtson Housing

Group B

Hiday and modern trends Introduction to landscape
architecture—its importance for human well-being. Early
experiments and development. Integration of buildings and
landscape, indoor and outdoor spaces, form, colour and texture.

L andsgpe paning Landscape planning of large township
and estaes. Landscape planning for individud building projects.
Landscapeplanningfor public spaces, educaiond institutions.
Ste devedopments by exploiting naturd forms. Problems of
earthwork, grading of dignments, circulation and utilities.

Plantatian: Loca plants, materids and adoption for
landscaping with reference to behaviours and dimate, field
identification of anew Indian plants and flowers and study of
their ecologicd charadteristics.

Endravrentd dssgr Application of principlesof architecture
and landscape for environmentd design of projects.
Recommended Books
w N K Gandhi. Sudy of Town and Country Planning in

India Indian Town and Country Planning Association,

Mumbai.

w K Lewis Prindples and Practice of Town and Country

Planning Estate Gazette, London.

w M Lausie. An Intreduction to Landscape Architecture

Pitman, London.

w A K Jain. Town Planning, khannabooks.com.

&
; CLIMATOLOGY

Group A
Effect of climate on men, shdter and environment;
conditions for human comfort.

Macro dimateand micro climate. Effect of topographyon
dimate. Solar control, standard time, loca time, dtitude.
Dedlinaion of sun, sunpath with diagrams. Shading devices
for under and overheated periods. Shalding effect of trees and
vegetdion. Useof heliedon and Gunner Pligetssun-did in the

andysis of problems.

Group B

Air flow patternsinside the building Effect of windson
layouts. Therma effect on building materias, heat transfer
coeffidentsof different maerids. Protectivedevicesfor buildings
against heavy monsoons. Regiond gpproach of principles of
climatology to the design of buildings with respect to site
selection.

Town structures, public spaces, orienteion, colour postions
of windows, types of wdls and roofs.

Recommended Books

w JE Aronin. Climaeand Architecture. Reinhold Publishing
Corporation, USA.

w JE Hobbs Applied Climatology. Butterworths London.

w RGeiger. TheClimaenear theGround. Harvard University
Press, Massachussis.

w O H Koenigsberger. Manua of Tropica Housing and

Building—Part I, Climatic Design. Longmans.

PROFESSIONAL PRACTICE

Group A

Concept of word ‘profession’. Difference between
profession, business and trade.

Tedr drments Specid and generd conditionsof contract.
Typesof tenders their meritsand demerits, invitation of tenders
procedure for opening and scrutiny of tenders. Sdlection and
repott to client. Contract—Iegal definition, work order.

Buldngbyelans Building rulesand regulations gpplicableto
important metropolitan centres, approval of sites—area, height
and ventilation for rooms, open spacearound buildings, height
of buildings, parking, structurd requirements, etc. Use of
Nationd Building Code of BIS

Easratsadaveatsaxladanustior | ndian Easement
Act. Naurd light and easementsin respect of ar, light, waer,
etc. Acquisition of loss of essements, Land Acquisition Adt,
purposeof acquisition, clam report for acquistion, awardsand
reference to courts. Property extracts, Urban Land Ceiling Act—
introduction of main provisions.

Group B
Ingrane Insurance policy, duties of archited, fire loss

assessment, insurable value of property, insurance of
constructions, insurance of design, worker’s compensation.
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Arbitrdian: Introduction—arbitration, arbitrators, umpire,
natureof arbitration, conduct, powersand dutiesof arbitraion
and umpire. Procedure—procedure for arbitration, preparation
and publication of awards, impeachment. Claims—fire insurance
and arbitration of insurable vaue, damsand damages.

Injundions Easements and its definition, features of
easements, interim, permanent and mandatory injunctions.

Architect s office: Office setup and administration. Filing and
recording of drawings Nature of partnership, registration of
firm and dissolution. Procedure and conduct—membership
of professiond bodies. Architects Registration Act. Code of
professiona conduct. Code of architectura competition.
Architectural services—normal, additional, special and partial.
Scdeof fee and mode of payment. Claiming of fee. Architects
Act of Regigtration of 1972, copyright of drawings.

Recommended Books
w ArchitectsAdt, 1972,
w CinemdographicAd, 1952.

w Development Control Rules & Building Bye-laws as
applicebletothe Staes

w Indian Arbitration Act, 1940.
w  Easament Act, 1982.

w  Ronald Green. The Architect’s Guide to Site Management,

The Architecturd Press, London.
w E E Sedye Fidd Practice. Wiley Internationd.

MAPPING ATHESISPRO.ECT

Group A
Dedging o aelive prget: Design of a proposed project.
Theproject should indudephysicd survey of site andysisand
formulation of requirements, dimatic study of site, circulation
diagram, locd architecturd history and character, locd materids,
planning process, structura andysis quantity surveying and
gpecificions, congtruction method, landscaping, model.

Group B
Onticd snies Sanitation, water supply, sewage disposd,
acoustics, ar-conditioning, heating, ventilation, fire-fighting,
electrical supply:

% INTERIOR DESIGN
<
Group A

Free—hand sketching, basic colour chart, analysis and study
of colour, study of two—dimensional and three—dimensional
formsof plan, section, eevation.

Group B
Furniture study and design, study of building maerias,
perspectives and rendering. Interior layout, furnishings,
presentaion of interior design.

g INTERIORDESIGN

<

Group A

Introduction—point plotting, line drawing, raster graphics
and vector displays—two-dimensional transformations.
Clipping, windowing—graphic input devices and input
techniques—graphic packages, segmented display files, geometric
modéds, and picture structures.

Group B

Three—dimensional graphics—curves and surfaces—

transformations, perspective—hidden surface elimination—

deviceindependent graphic systems.

Recommended Books

w D F Rogers. Procedura Elements of Computer Graphics.
TaaMcGraw-Hill Publishing Co. Ltd., New Dehi.

w WK Gilloi. Interactive Computer Graphics. Prentice-Hall
of India(P) Ltd., New Delhi.

w WM Newman and R F Sproull. Principles of Interactive
Computer Graphics. McGraw-Hill Book Company Ltd.,
New York.
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ENVIRONMENTALENGINEERING

Environmental  engineering
evduaes the actions of human on the
environment and develops control
measures to minimise environmentd
degraddion. It deds with systems and
procedures which limit theimpairment
of the quality of water, air and theland
that humen beingsuse It indudes dso
the means to control radiations,
harmful sounds, heat and cold. Human
activities produce wastes as vapours,
geees, solids, liquids, or energy states
which aredispersed in theenvironment
of water, ar, or land around them. Such
contamination &fects dl forms of life
on earth and disturbsecology.

Setting Right the Objectives

Environmenta protection has three
objectives. Thefirgt isto protect people
from physiologicd ham from pathogenic
organisms, toxic chemicals, and excesses
of rdessad energies Thesecondisto spare
human beings, animas and plants from
annoyance, irritation and discomfort
forced upon by offensive water, ar and
Iand. Thethird objectiveisto safeguard
the balance in the Earth’s ecosystems and
to conservenaurd resources It isstrongy
advocated tha thislast objective should
be the primary goa of environmentd
protection.

Lessons—Nature Taught

When waste materids released in
waker, ar, and land overwhem thenaturd
process of assmildion of such wastes,
pollution occurs. Pollution jeopardizes
one or more of the three objectives of
environmentd protection. If thearborne
wasteloads are too high, horizontd and
vertica ar movements cannot disperse
them. Additionally, conditions of
inversion, stagnation and ultraviolet
radiation produce reactants from the
primary pollutants. Not dl wastes are
usebleasafoodfor thenaurd bictg these
are called non-biodegradables. The
chlorinated hydrocarbon pesticides are
high in the list of contaminants which
change dowlyin theopen environment.

Striking a Balance

To keep ecologica balance. the
dterndivesareto dimindethesourceand
theweste to treat thewasteto reducethe
ddderiousload on the open environment;
or to augment theenvironmentd capacity
to assimile the wage. All of these are
applied in one way or another by the
environmentd engineer to manageliquid,
solid and arbornewastes.
I ndustrial Policy

Through interdisciplinary environmen-
td teams indudryisdirecting largeamount
of capitd andtechnologicd resourcesto de-
fine and resolve environmentd chdlenges.
Each pollution problem hasitsown unique
goproach and solution. Restridivestandards
dipulatehigh retention ficiendesfor dl con-
trol equipment. Off-the-shdf items of the
past no longer suffice: Controls must now
bespedficdlytalored for each studtion. Lig-
uid wegtes are generaly tregted by chemica
and/ or physicd meens for the remova of
contaminentswith theobjectivethat thebulk
of theliquid can berecyded. Air or gaseous
contaminantsareremoved by sorubbing, fil-
tretion, bsorption, adsorption or dectroddic
precipitation andthedeen gesdischargad into
theamosphere Theramoved contaminants
must bedigposad sfdy and wisely.
Awarenessin | ndia

In India, @ Committee on Human
Environment was set up in 1970 by the
Government under thecharmeanshipof a
member of the Planning Commission. At
theindanceof thisCommittes aNaiond
Committes on Environmentd Planning

and Coordination (NCEPC) wasset upin
February 1972. Based on its
recommendations, the Department of
Environment was set up by the
Government in 1980 for planning,
promotion and co-ordination of
environmentd programmes. Lder,

this D epartment was renamed asDepart-
ment of Environment, Forests and
Wildlife in 1985. The Depatment deds
with environmentd policy, law, impact
assessment, research promotion,
conservdion, pollution control, forests
and wildlifemanagement and internationd
co-operdion.
Legislative Actions
The Air (Prevention and Control of
Pollution) Adt, 1981; Weter (Prevention and
Control of Pollution) Act 1974; and the
Waer CessAd, 1977 wereenacted by the
Government. Subsequently, the Ministry
of Environment, Forests and Wildlife
enacted the stringent Environment
(Protection) Actin May 1986. It coversdl
typesof pollution induding tha by noise.
Some of the nationa level
organisationsin thefield of environmentd
engnearing are: Centra Pollution Control
Board; Centrd GangaAuthority; Nationd
Eco-Development Board; National
Environmenta Engineering Research
[ ngtitute; and All- ndial ndtituteof Hygiene
and Public Hedth. TheNdiond Museum
of Naurd Higdory, set upin 1972, isdso
promoting nonformd education in the
aeaof ecology, wildlifeand environment
gressing theresponsibility of man in this
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ENVIRONMENTAL ENGINEERING

o
g ENGINEERING MANAGEMENT
(See page 13, subject 1 C 402)
AIR POLLUTION AND
ITSCONTROL

(See page 24, subject CV 423)

ENVIRONMENTAL RESOURCES

Group A

Environmenta resources and populaion: Dimensions of
human predicament; the world problematic; essence of the
predicament; interactions of resources, economicsand palitics;
interactions of technology environment and well-being, Farth’s

solid surfaceand below; hydrosphere, @amosphereand dimate.

Human population and food: Population growth,
demographic projections and population structure; populaion
distribution and movements; production of food; dimensions
of world hunger; distribution of food; undernourishment and
malnourishment; expanding the harvest; new and
unconventiona food sources; renewableresources.

Water: Avalability; geographicd and tempord distribution;
reliability of water resources; ground weter; patterns of useand
supplies; withdrawa and consumption; irrigation requirements;
flow requirements; increasingthe supply; water projedts, water
conservation strategies problemsof water qudity on prosperity.
Ground water rechargeand ranwater harvesting.

Forests: Forests and |and resources; world forest reserves;
nationd forest policy; timber industry, unsound practices;
pressures on world forests, by-products of forests, forestsand
industry; socid forestry.

Land: Abuseand misuse vegetaion and cultivation; grazing
lands; soil erosion and ravines, mining; soils and humus;
classification of soils; exhaustion and ecoregeneration;
characterigicsand potentid of soils; redaiming soils.

Group B

Wildlife: Role of wildlife in environmentd conservation;
nationa parks and senctuaries: Indian scenario.

Energy: Szeand sourcesof contemporary energy use; growth
and changein energy flows supplies, depletion and limits; energy
technology; solar energy and its development; prospects and

potentia of different forms of energy, energy use and
conservation.

Non-renewable resources: Use of metds and materids;
prospects and problems; augmenting resources; recycling,
substitution and low-grade ores.

Resources and environmenta disruption: Growth of
chamicd industriesand chemicdisgion; chemicdsand bioforms;
biotransformation; ionising radiations; environmenta and
hedth hazards;, biologisation and multinationa corporations.

Environmentd policies: Population control policies; GNP
and qudlity of life; sdence and technology, and laws; globa
commons—tragedy of the commons; feeding the rich and
overconsumeriam; the poor and theenvironments; women and
nature; transforming nature; improving grossnationa product;
environment and ethics, dternaive gpproaches.

Recommended Books

w V'V N Murthy. Land and Water Management Engineering
Kdyani Publishers, New Delhi.

W § C Charma. Environmental Engineering,
Khanna Book Publishing (P) Ltd., New Delhi.

W OP Gupta. Elements of Environmenta Pollution
Control. KhannaBooks, New Delhi.

INDUSTRIAL WASTE WATER
MANAGEMENT

Group A

Qudity and quantity of waters for industries: Water
consumption as a unit of production and as fraction of the
totd for thecommunity; ariteriaformulaion forindustrid weters
key parameters for different industriad waers with respect to
rdevant | ndian standard specifications boiler feed waters, cooling
water systems; problems of softening; silica scding and
corrosion; caustic embrittlement; internd treatment practices;
hed recovery systems; evgpordion processes.

Oil pollution: Sources of oil from industries, fds, oil and
grease (FOG) removd, oil trgps and skimming traps; use of
DAF systems; ail spillsand oil dicks; control solutions

Group B
Water pollution & control: Standards prescribed for
discharging into various sinks; chemica versus ecologica
parameters, effluent and environmentd (stream) dandards; costs
of pollution contraol.

Principlesof water pollution control: Reduction of strength
and volumes, neutralisation; equalisation; proportioning;
processes for removd of various parameters; suitability of
contral processescompdiblewith concentrations; environmentd
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Applicdions: Implant surveys; ascertaining present plant
capadity; joint/ combined collection systemsinduding trestment
fadlitieslike |PCL, Vadodara

Effluent channd. Project and NOWED; site selection.

Mdor industrid wastes: Appard, food processing, materid
processing and chemical industries, familiarisation with
dominant parameters of pollutants and methods to control
them, flow sheetsfor treatment and digposd of industrid waters
Common effluent treatment plant.

Recommended Books

w S C Scharma. Environmentd Engineering.
khannabooks.com.

w  Metcaf and Eddy. WasteWater Engineering Treament and
Disposd. TdaMcGraw-Hill Publishing Co. Ltd., New Ddhi.

w O P Gupta. Elements of Environmental Pollution
Control. Khanna Publishing, New Dehi.

WASTE UTILISATION AND
MANAGEMENT

Group A

Wastes—consequence of life; impacts of waste generation,
public atitude to waste utilisation and recyding; quantities of
wastes; chdlengesand opportunities; historica developments;
legiddion.

Municipal solid wastes: Sources; types, composition;
generdion raes; aesthetics and hedth aspects; onsite storage;
processing; collection; andysis, transfer and transport; need for
trandfer stations; volume reduction; mechanicd sizereduction;
component separating; drying and dewatering; recovery of
chemicd and biologicd conversion produds; maeridsand energy
recovery systems; flowsheets, disposa sites; landfilling; gasand
leachale movement and control; ocean disposd, incineration;
pyrolysis.

Hazadouswades | dentification; dassification; generdions
regulations; collection, transfer and transport; processing,
disposd.

Biomedicd weste: | dentification, dassification, generdion,
collection, processing, treetment and disposd. Somecasestudies
of biomedicd waste, ec.

Group B

Liquid wastes: Recyding of nutrients; reuse of wastewaters,
hydroponics, waste utilisation technology in maize products,
pharmaceuticas, inorganic chemicas, textiles, pulp and paper,
agro industries, dectroplating, petrochemicals, refineries and
chlor-akdi industries; biomanagement for waste utilisation;
recyding of phosphorus, lime, dum and chemicds; solar energy
applicationsin wadte utilisation, sswagefed pisdaulture recyding
of nutrients of nightsoil.

Gaseous wastes: Scrubbers; crystdlisation; economical
agpectsof recovery of byproductsor processmodificaion in ar
pollution control technology; casestudies.

Collection of waste: Remedies and its utilisation.
Recommended Books
w SC Sharma. Environmentd Engineering
Khanna Book Publishing, Dellu
w Handbook of Solid Waste Management.

N~
S8 ENVIRONMENTAL ENGINEERING
= DESIGN

Group A
Water demend: Populdion forecasting Determination of
water demand, Soragecapadity of impoundingreservoira Design
of inteke works, Jackwell pumps and rising main. Design of
infiltration wells and gdleries. Design of flocculaion basing
Round theend baffletype.

Sedimentation: Design of rectangular and dircular settling
tenks with inlet, outlet and sudge remova facility. Design of
clariflocculator, sludge blanket clarifiers, tube settlers,
improvement of existing settling tanks with modified designs.

Filtration: Design and construction of slow, rgpid and
multimediafilters with detals like underdrainage filter media,
their preparation and filter washing equipment. Design of inlet
and outlet filter piping and rate controllers. Design for
miscellaneous processesliketasteand odour control, iron and
manganese removad, softening plant, demineraization,
fluoridetion and defluoridation.

Design of water digtribution system: Pressure capadity of
filtered water pump, capacity of baanding servicereservoirsby
andyticd and graphicad methods. Andysisof pipe networks.

Principles of sewagetreatment, location of trestment plant.
Layout of various units. Hydraulic flow diagram of treatment
plant.

Group B

Primary treatment: Design and construction of screen
chamber, grit chamber, oil and gressetrap, discharge messuring
devices; detailsof mechanicd equipment necessary for handling
screening, grit, oil and gressetrap.

Design and construction of primary settling tanks—inlet,
outlet, dudge and scum removd arangement; dudge pump
and pumphouse Varioustypesof mechanicd sorgpersand scum
reEmovers.

Biologica treatment: Design of activated dudge system;
processdesign; typesof processesand modificaions; aeration
power requirements; types of agrdors; diffused and surface
aeraors, design of aeration tanksand gppurtenances; design of
tricking filter. Sandard and high ratefilters. Process design and
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design of physicd fadilities. Design of anaerobic trestment
system.

Estimates of sludge quantities in various unit processes;
design of sudge pump; design of dudgerecirculation system;
design of various types of dudge digesters, dudge mixing
devices, dudgeremova fadilities; design of dudgeconditioning
and thickener units; design of dudgedryingbeds; processdesign
of vacuum filter; design of equipment details.

Design of tertiary treatment processes—adsorption; ion
exchange, pressurefiltersand modern dissolved solid removd
processes. Nitrification and denitrification.

Recommended Books

w H SPeavy and D R Rowe Environmenta Engineering
McGraw-Hill Internationd.

w RK Lindeyand JB Franzini. Weter Resource Engineering
McGraw-Hill Internationd.

w G M Masters. | ntreduction to Environmenta Engneering
and Sdence. Prentice Hal of India(P) Ltd., New Delhi.

WASTE WATERENGINEERING
AND DRAINAGE

Group A

Introduction: Definitions of dry and water carriage systems
of exaretadisposd wastewater, domesticwastewater (domestic
sewage), indudtrid wastewater, stormwater runoff, sanitary weste
water, combined wastewaler, sewer, sanitary sewer, slorm sewer,
combined sewer, sewerage, separadeand combined systems of
sewerage, waste water trestment, wastewater disposd, drainage
of buildings systems, piping, fittings.

Caollection and trangportaion of waste water and storm
dranage: Estimaing design flowsthrough sanitary sawer, sorm
sewer and combined sewer, sewer geometry and construction
materias. Hydraulic design of sewers flowing full and partly,
full sewer appurtenances—street inlets, manholes, inverted
siphons, sewage pumping stdions.

Group B

Waste waer characteristics: Kinetics and progression of
biachemicd oxygen demend (BOD ), chemica oxygen demand
(COD), solids, nitrogen, phosphorus, potassium, nitrogenous
oxygen demand (NOD), toxic metds, other organic and
inorganic maerids, bacteriaand other microorganisms.

Weaste water treatment: Concept of wastewder treatment,
prindples and design of screens, grit chamber with flow control
device, sadimentation tanks and aerobicand anaerobic biologicd
systems, conventiond activaed dudge, trickling filters, waste
stebilization ponds and septic tanks, chlorination of sewage;

sludge—types, quantity, treatment and disposal.

Effluent disposd: Disposa by dilution, sewage farming.
Rural sanitation: Low cost toilets—horehole latrines, pit
privies, pour-flush toilet.
Recommended Books

w  Metcdf and Eddy. WesteWaer Engineering Treatment and
Digposd. TataMcGraw-Hill Publishing Co. Ltd., New Dhi.

w G M Far, JC Geyer and D A Okun. Elements of Water
Qupply and Weste Weter Disposd. bhn Wiley International.

w Dranage Manud of Water Resources Oxford & |1BH
Publishing Co. (P) Ltd., New Ddhi.

WATER SUPPLY AND SEWAGE
SYSTEM

EN 412

Group A

Sourcesof water: urfaceand subsurfacesources, intakewatar
works. Yidd test of wells.

Qudity of water: Demand of water, variation of demend,
design period, design flow of water and waste water.

Pipes and conduitsfor water transport and houseplumbing
Water digribution and sewage system, jointsof pipes corrosion
of pipeand joints.

Layingof pipesand sewers and testsfor straightness, water
tightness, smoke test.

Prevention mantenance; leek detection techniques; nuisance
orgenisms in distribution systems.

Distribution appurtenances; nonreturn, duice, ar and

regulating vaves; fire hydrants, fountain heads; taps ferrules;
piller cocks, stopcoks; appurtenancesfor servicereservoirs

Group B
Sewerage gppurtenances: nspection chambers, manholes,
flushing tanks, legping weirs, interception traps, caich pits,
nanitraps, guily traps.
Service digribution reservoirs: Height of servicereservoirs
locaionsand capacity of reservoirs Pressuresof water, remedid

measures for boosting pressures of existing system of
distribution.

Water pumping stations: Design parameters of wet well
and dry well systems, capacities of pumps, standby provisions.

Sewage pumping dations: Nonclog variety of pumps;
hydraulic design paramneters.

Commissioning of water supply and sewage systems:
disnfecting procedures.

D esign of soakaway systems: Percolation test; sogkaway pits
and trenches; radid soakaway systems.
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Recommended Books

w T JMcGhee Water Supply and Sewerage. McGraw-Hill
Internationd.

w G M Far, JC Geyer and D A Okum. Elements of Water
Supply and Weste Weter Disposd. ohn Wiley Internationd.

w S C Sharma. Environmenta Engineering.
Khannabookscom.

E INDUSTRIAL AND HABITATION
- PLANNING
Group A

Planning or laisez-fare: Object and scope of planning:
Survey, zoning, accommodation, open spacesand green belts
neighbourhood and community planning

Planning Bye-Laws. Setback and margins, floor spaceindex.

Planning: Aspect, prospect, furniture requirements,
roominess, grouping, dreulation, privacy senitdion and degence.

Buildings: Residentid, public and industrid buildings.

Group B

Sting of industries in generd and hazardous industry in
particular, provision of firesafely and other saf ety precautions.
Environmenta guiddinesfor siting an industry. Planning and

drawing of small residentia and industria units; structures of
industrid sheds; trussesand girders.

Typicd layout plan of an industria township.
Ergonomicsand itsrelevancein planning.
Ventildion in industrid building Guiddinesand design of
ventilation system in industrid buildings.
Recommended Books
w Indusgtrid Sfety. S C Sharma (khannabooks.com)
w Understanding Humean Engineering and Introduction to
Ergonomics.
w Shah and Kate Building Drawing

ECOLOGY AND ECOSYSTEMS

environment, concept of productivity, food chaing food webs
and tropic levels, metebaolism and size of individuas, tropic
structureand ecologicd pyramids.

Bio-geochemical cycles: Statement, nitrogen cycle,
phosphorus cycle, sulphur cycle, limiting factors-Laebig’s law of
the minimum. Shelford’s law of tolerance, combined concept
of limitingfactors, ecologicd indicaors.

Biotic community concept: I ntercommunity dassification
and concept of ecologcd dominance, community andysis,
speciesdiversityin community. Pattern in communities

Speciesandindividud in theecosystem: Conceptsof habitat
and ecologicd equivdents.

Group B
Devdopment and evolution of theecosystem: Thestrategy
of ecosystem development, concept of thedimax, relevanceof
ecosystem development theory to humean ecology, evolution of
the ecosystem, co-evolution, group selection.

Rudiments of the systems gpproach and mathematical
modelsin ecology. Freshwater ecology: Freshwater environment
typesand limitingfactors, ecologicd classification of freshwater
organisms, the freshwater biota (flora and fauna), lentic
communities, lakes, ponds, lotic (running water) communities,
longitudina zonation in streams.

Marine ecology: Themarineenvironment and marinebiota,

zongation intheseg quantitative study of plankton, communities
of the marine environment.

Estuarine ecology: Definition and types, biota and
productivity, food production potentid.

Terrestrid ecology: Theterredtrid environment, theterredtrid
biotaand biogeographic regions, generd structureof terrestrid
communities, the soil subsystem, the vegetdion subsystem.
Thepermanenceof theterrestria environment, distribution of
maor terrestrid communities, the biomass,

Recommended Book

w JL Chapman and M J Reiss. Ecology: Principles and
Applications. Cambridge University Press, UK.

ENVIRONMENTAL IMPACT
ANALYSISAND LEGISLATION

Group A

Ecology: Definition and itsreldion to other sciencesand its
relevanceto human civilization. Subdivisions of ecology.

Concept of ecosystems: Thebiologicd control of chemicd
environment. Production and decomposition in nature.
Homeostasis of the ecosystem.

Prind ples and concepts pertaining to energy in ecologica
system: Fundamenta concepts relaed to energy, the energy

Group A

Status of India’s environment: Need and greed; biomass
oriented ecodeved opment; quditative and quantitative aspeds
of India’s environment with respect to people, land, forests,
water, ar, wildlife, energy, minerd resources, efc; patterns of
change; causesof change.

Scenario of natura property and prosperity; industria and
economicgrowth.
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Constituents of an environmental impact statement:
Essentid components; dternatives of proposed actions; full
disclosure and public comment; assessment methodology;
development versus environmenta preservaion; project
assesors, generation of employment potentid; cost benefit
rdios.

Cese gtudieson impactsof dams, petrochemicas, fertiliser,
cements, and pesticide units.

Group B

Environmentd Acts Water Adt, Cess Act and Air Act.
Environmentd Protection Act (EPA). Familiarisation with
important sections and dlauses. Limitaions and lacune.

Generd: Roleof courtsasan appédlaeauthorities, need for
environmenta protection courtsas spedid courts; casestudies;
importanceof consent, NOC and nonagriculturd application
forms: roleof voluntary agendies ss compagnersand crusaders.
Recommended Books

w LW Canter. Environmentd I mpact Assesament. McGraw-
Hill Internationd.

w RE Munn. Environmentd I mpact Assessment. John Wiley

Internationd.
CHEMICAL ENGINEERING
PROCESSES
Group A

Nitration: I ntroduction, nitratingagents aromatic nitration,
mixed acid for nitrations, manufacturing of nitrobenzene, O
and P chloronitrobenzene, nitrongphthaene and preparaion
of nitropareffins.

Sulfonation: Introduction, sulfonating agents and their
principa applications, chemica and physicd factors in
sulfonation, technicd prepardtion of sulfonatesand sulphates.

Hdogenation: | ntroduction, various halogenating agents,
typesof haogenaions Technicd preparation of haogenaion.

Group B

Absorption: Absorption of gases by moving drops, Henry’s
law and diffusion inside the drop, maerid baances for one
component system, types of absorption, design concepts for
absorption tower.

Adsorption: Prindplesof adsorption, fixed-bed adsorbers.
Moving-bed adsorbers, design conceptsfor absorption tower.

Liquid extraction: Liquid equilibria, equipment and flow
shesets, stage-wise contact, stage-type extractors, continuous-
ocontract extrectors
Recommended Books
w PH Groggins Unit Processesin Organic Snthesis
w R E Treybd. Mass Transfer Operaions. McGraw-Hill

Internationd.

w  Gupta. Air Pollution Control Engincering, khannabooks.

w JM Coulson and JF Richardson. Chemica Engineering
Pergamon Press, Oxford.

UNIT PROCESSES (PH YSICAL &
CHEMICAL)

Group A

I ntroduction: Characteristicsof water, wastewater, ar/ gas,
soil, food; parameters for quentifying qudity requirements,
criteria, standards and their evolution; basis of permissible
limits; interpretation of andysis report of water, wastewater,
dudge s0il and ga&/ ar.

Quantities of waer: Wastewater and gas flows, water
requirementsfor domestic and industrid purposes, wastewater
formation; estimation of ar requirements for compressors;
estimation of flue gas flows; spectrum of particle size
distributions; variationsin flows and particle sizes.

Theory of discrete settling: Stoke’s law applied to fluids;
design coneeptsfor settling chambers and cydones; efficiency of
sedimentation units; types of sedimentaion tank; control of
quiescent flow.

Coagulation flocculation: Colloids and their stability,
mechanisms of destabilisation; limitaions; mechanicd and
hydraulicflocculation; coagulating agentsand their recyding

Flow through porous media: Mechanisms of filtration;
dominant mechanism for aparticular size; hydraulicsof filtration;
filter dogging; filter washing; types of filters and their flow
directions, breskthrough.

Group B
Softening: Chemica precipitation, softening; preparation of
bar chats estimation of doses of chemicals; ion exchange

mechanism and Kunin’s laws; mass balance.

Desdination: Methods of remova of dissolved solids; solar
didillation gadgets and plants; multistage flash distillation;
vapour compression; direct freezing; reverse osmosis;
electrodidyds, estimation of energy codts.

Physico-chemica remova of dissolved organics; separdtion
mechanisms and isotherms; estimation of sorbent
requirements; form separation of sorbent requirements; form
separdion; liquid-liquid extraction; remova of iron, manganese,
fluoridesand colour.

Disinfection: Chick’s laws of disgnfection; phenol coefficient;
disinfection practices; use of chlorine, ozone and other
disinfection.

Sudge dewatering and disposal: Sources of sludge;
estimation of bulk density of dudges; prindplesof dewatering
estimation of rate of filtraion; methods of dewatering and
their suitability, thickening; chemica conditioning; dutriation;
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Recommended Books
w S C Sharma. Environmentad Engineering.
[Khannabooks.com.

w A Dasguptaand N L Nem. I ndustrid and HazardousWeste
Treaments. Van Nostrand Reinhold, New York.

ENGINEERING MANAGEMENT

1C 402

Group A

Introduction: Hygiene—health, positive health illness,
diseeses. Importance of ar, water, food and daily industrid
activities, principlesof hedth education.

Water: Importance of waler, sourcesof wder. Evduaion
of different sourcesin termsof quantity, qudity and hygieng
water-bornediseases.

Environmentd planning: Importance of environmentd
planning and health—lighting, its types and uses. Artificial
cooling/heating—minimum floor area and cubic space—air and

ventilation; lighting of an inhibited areg/ room.

Rurd sanitdion: Definition reated to sanitation. Inventory
of resourcesinrurd areasand gppropriaetechnology. Collection
and removal of refuse; human excreta—conservancy system.
Different types of larines and low cogt sanitaion methods.
Biogas technology and its design—smokeless chullahs and
advantages.

Food and nutrition: Importance of focd, constituents of
food. Classification of foods—metabolism and diet
requirements. N'ood calotie—scale of average caloric requirements
in India, bdancad diet, composition of well baanced diet, cdorific
vaue of important foods per gram, composition of principd
foods in grams per ounce diet for pregnant and lactaing
mothers, diet for infents and children; faults of Indian diets,
nutritiona surveys

Survey—digestion of food conditions regarding diet to
maintain hedth. Disesses caused by faulty dietingand defidency
diseases. Cooking of food; effects of cooking, different methods
of cooking, food poisoning Preventive measures, vegetable
foods, animd foods; chief sgnsof illnessin animals; diseased
meat; preservation of meat; tinned meat and fish. Milk—
methods of preservaion of milk; diseases conveyed by milk-
derived milk-cream, butter, cheese, dahi, margarine; ghee,
mustard oil, vanaspati, beverages. Fruit drinks—condiments,
aomdics

Group B

Offendivetrades and occupationd poisoning: I ntroduction
to different terms and offensive industries—occupation,
industrid hygiene, ergonomicsand its parameters, occupdiona
hedth, occupationd environment and operative agent, namely,
physica, chemicd and biologicd; minimum thirteen different

offensvetrades and their know-how;, gppreciation of problems
arigng from men and man; man and machineinterrdationships.
Elaboration of physicd, chemicad and bioclogica agents;
occupational poisoning due to merals and its fumes and dusts—
lead, meraury, etc; occupdtiona poisoning due to gases and
fumes-entry; symptoms and control measures; labour welfare
lavsand legidation.

[nfection and carriers of infection—prevention and control:
contamination; epidemiologicd and environmentd aspects.
I mmunity and its types.

Common preventabledisesses: Causesand their prevention.

Persond and mentd hygiene: Generd understanding, types

of mental disorders—causes and prevention, promotion of

menta hedth.

Hedth ddistics Definitions, importanceand sources. Hedth
gatidtics of Indiaand assessment of significance and itstests.

Recommended Books

w E W Sed. Munidpd and Rurd Sanitdion. McGraw-Hill
Internationd.

W M P Poonia. Engineering Management. khannabooks.com

ECOLOGY AND ECOSYSTEMS

(See page 138, subject EN 414)

ENVIRONMENTAL IMPACT
ANALYSISAND LEGISLATION

(See page 138, subject EN 415)

AGROCHEMICALS, AGRICULTURE
AND IRRIGATION

Group A

Agatanias

Plant nutrition: Soil propertiesand gpplicaionsof fertilizers;
chemicad ameliordion techniques, gpplication of lime and
aypsum; nitrogen, phogphorus and potassium fertilizers; micro-
fertilizersand compound fertilizers, manure, peat and organic
ped fertilizers, green menure, fertilizer sysem, effect of fertilizer
on crop composition and quality, field and green house
experimentsin agriculturechemistry.

Pestiddes, herbicides, fungicidesand rodenticides, dosesand
methodsof gpplications; useof growth factorsfor higher yields
and planned timing for harvest; high density plantation.

Agiaiture

Aeroponics, agugponics and tuboponics; crops raised by
sline/ seawder; agroforestry for energy and pollution abatement.
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Group B
Irrigetion
I rrigation: N ecessity, scopeand benefitsof irrigation, scope
and devdopment of irrigation in India. Flow and lift irrigetion,
itsadvantages and disadvantages.

Soil and water: Characterigticsof agriculturd soils; quaities
of agricultura water, water requirement for different crops.

Cands Cand nework, dassificaionsof cands, preventive
messures of transit loses; cand lining, outlets.

Application of water: Methods of goplying water for
irrigation, conservative and conjugaive use of surface and
subsurface water. Wells yiddsof wells, teststo determineyigds
wakerlogging; causes and remedies.

Cod of irrigation: Generd ideaof cost of irrigation by flow
and lift system. Environmenta impactsof irrigation.

Recommended Books

w  AM Michad. | rrigetion Theoryand Practice. VikasPublishing
House, New Ddhi.

w B C Md. Introduction to Soil and Waer Conservdion
Engineering Kdyani Publishers New Dehi.
w N CBrady. Naureand Propertiesof Soil. ELBSPublication.

w SL Tisdde, W L Nelsonand JD Beston. Soil Fertility and
Fertilizer. Macmillan Internationd.

ECOLOGY AND ECOSYSTEMS

Group A

Biologicd parameters: Biologicd methods of anaysis,
parameters affecting BOD; BOD equation; methods of
estimating BOD, COD procedures; biologica versus physico-
chemicd andyds

Water pollution: River, estuarine and coastd pollution;
dilutionsand dispersions; masstransfer equations; useof error
functions, naturd purification; estimation of reoxygenation
constants; surveillance programmes

Treatment kinetics: Zero, first, second, fractional and
consecutive order reectionsin biologica trestment; time and
temperaureeffeds recirculdions, molecular diffusion; Black and
Phelpsseries

Biochemicd concepts: Chemistry of carbohydrates, lipids,
proteins, fats and nudeic acids, enzymes and inhibitions,
photosynthesis and symbiosis, enzyme kinetics.

Group B

Reector design: Biology and energy chain, kinetics of oxic
treaiment; CSTRand plug flow reactors; mathematicd models
for fixed film and suspended growth reactors; oxygen
requirements; nutrition and sudge age, evolution of treatment
systems and modifications; shock loading.

Microbiology and biochemistry of anoxic process: Subdrae
inhibition; optima anoxicenvironment; kinetic congtants stuck
reectors; problems; high rae and multistageanoxic digestors.

Low cost systems: UNOX system; cavitaor process;
oxidaion carrousel sydem; biodiscand lagoons; land trestment
systems; evapotranspirdion and sewage sickness; sdvaging
nutrients, reuse, recycdling and renovdion systems.

Refractory removd; N-P control; limitations of biologica
process AWF systemsand practices; plant performanceindices;
bulking and rising dudge; shock loading; biodeterioration.
Recommended Books

w Metcdf and Eddy. WesteWaer Engineering Treatment and
Digposd. TaaMcGraw-Hill Publishing Co. Ltd., New D dhi.

w 8 C Sharma. Environmenta Engineering.
[Khanna Books, New Delhi.

w M JHammer and M JHammer (&.). Water and Waste \Water
Technology. Prentice-Hall of India(P) Ltd.,New Dethi.

g HEALTH AND SANITATION
w

(See page 140, subject EN 423)

ECOLOGY AND ECOSYSTEMS

(See page 138, subject EN 414)

3 ENVIRONMENTAL IMPACT
z ANALYSISAND LEGISLATION

(See page 138, subject EN 415)
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MARINE ENGINEERING

Early Voyages

Water transport was of greater
importancethan communication by roads
in ancient times. After 3000 BC, saling
ships of condderable size were evolved.
Phoenidansedablished atrading network
in theMediterranean. Indiansestablished
linkswith various countriesin thesouth-
eadt Asiabysearoutes. TheNavy usedto
receiveimportancein dl cossta countries
but it received further impetus efter the
crediion of aprofessiond British Navy by
Henry 111 and exploration of new lands
by Spain and Portugd. R Volturio gave
illustraion of boats (1483) with crank
driven paddle wheels. Paddle wheel
propulsion can aso be seen in the

paintings of Raphagl.

Shipbuilding and marineengineering
got a big boost with the production of
iron and sted and invention of thesteam
engine Jonathan Bull patented a steam
boat in 1737. From 1807, regular service
with steam ships started.

Brunel, Napier, David and Robert are
regarded as founder fathers of marine
enginering Brund wasthepioneer touse
screw propulsion. The East India
Company stimulated the growth of
shipbuildingindustry further. Thesteam
turbine was instaled in a ship in 1897
leading to morespeed and economy. The
diesdl engine, modern turbines, radio
communication, satellite navigation,
nudeer power, computer control, etc. have
been progressivdy introduced in marine
enginegring asinnovationd steps.

ShipDesign

The design of a ship involves a
sdection of form, size proportions, and
other factors. As cargoes and shipshave
incressed in 9zeand complexity, design is
more detailed and varied. Intensive
research hasbrought about many technicd

Marine Engineeringisthediscipline
concerned with the design and
menufacture of ships. It is closdly
relded to navd architecture. In design,
the merineengineeringisresponsble
for the selection of the main
propulsion plant and dl itsauxiliaries.
Theseinclude steam turbines, boilers,
diesdl engines, gas turbines, or other
dternative combinaions like nucear
fueled engines for driving the
propellers. The eectrica plant dso
comesunder its purview, aswell asfue
systems, piping and pumps, the
refrigeration and airconditioning
systems.

The marine engineer plans the
machinery layout, doesthe heat bdanoe
and other cdculdions and, in essence,
designsthewholepropulsion system.
The design of the propeller is,
however, sometimesdoneby thenava
architect or someother spedidist.

advancesin thedesign and fabrication of
ships. These include new welding
techniques, developmentsin propulsion
plants, advances in éectronics, and
changes in materids and methods of
congtruction.

Shipbuilding

Thisinvolvestheconstrudiion of large
vessds which travel oversess, lakes or
rivers. Many different approaches have
been used in the construction of ships.
Sometimes a ship must be custom-built
to suit specificrequirementswith unique
cargo characteristics. On theother hand,

there are instances where a number of
similar ships of the same class is
constructed, providing advantage of
economy through repetitive processes.

Shipbuilding comprises seven phases:
design, congruction planning, work prior
to kedl laying, ship erection, launching,
find outfitting, and seatrias Thearduous
environment poses critica demands on
marinemachinery. Theseindudean extra
measure of reliability, successful
performance on arolling, pitching and
vibrating platform, restrictions on space
and weight, aswell as corrosion-resistant
properties. The purposes served by
different typesof shipscal for design of
mechineryhaving spedificcharadterigtics.

I ndian Perspective

The Mercantile Marine D epartment
administers shipping laws. Modern ship
building started in India in 1919. India
now has a flest of ships under various
shippingcompaniesand thelndian Navy.
A number of ingitutes, induding some
under the Indian Navy, conduct specid
ooursesin marineengineering.

Anomnling
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MARINE ENGINEERING

NAVAL ARCHITECTURE AND
SHIP CONSTRUCTION

Group A

Geometry of ship and hydrostatic caculations: Ship lines,
displacement caculdions, fird and seond moment of area,
Simpson’s rules, application to area and volume, trapezoidal
rule, mean and mid-ordinate rule, Tehebycheff’s rule and their
applications, tonnes per cm immersion, coefficients of form,
wetted surface areg, similar figures, centreof grawity, effect of
addition and removd of masses, effect of suspended masson
ships centre of gravity. Calculation of centreof buoyancy.

Transversedability of ships: Saticd stebility at smal anges
of hed, cdculdion of BM, cdculations of transversemetacentric
radius BMT and transversemetacentric height GMr, induding
experiment, freesurface effect, stability a largeandes of hedl,
curves of satica stability, dynamicd sability, angle of lall,
stability of wall sided ship, IMO sability criteria and stability
information booklet, stability in damaged condition.

Resistance and powering: Frictiond, residuary and tota
resistance, Froude’s law of comparison, effective power
calculations, ship’s co-relation factor (SCIY), admiralty coefficient,
fuel coefficient and fuel consumption, effect of viscosity and
goplicaion of ITTC and ATTC formulae. Boundary layer,
Reynold’s number and 'roude’s number. Effect of shallow/

restricted water on resistance, draft and trimof ship.

Longitudind stability and trim: Longitudind metacentric
radius BML, moment to change trim one cm, change of trim,
change of LCB with change of trim, change of trim due to
adding or deducting weights, dteration of draft dueto change
in density, flooding caculdions floodablelength curves MOT
method for determination of floodable lengths, factors of
subdivision, lossof gability dueto grounding, docking stability,
pressureon chocks.

Group B

Srength of ships: Longitudind grength, ship hull asagirder
poised on waves, longitudind distributions of weight and
buoyancy, weight curve, buoyancy curve, load curve, shear force
and bending moment curves, deflection, till water bending
moment, wave bending moment, cdculation of moment of
inertiaand section modulus of hull girder, cdculation of shear
stress and bending stress & any section of the hull girder.
Transversestrength.

Propulsion and propellers: Types of propellers—screw

propellers (fixed pitch, controllable pitch, diverted, rudder

propellers), vertica axis propelers (Voith Schneider), screw
propeller geometry—-diameter, pitch, pitch ratio, blade area ratio,
rake, skew, pitch distribution, propeller drawing, propeller
materials and manufacture. Hullpropeller interaction—wwake,
wakefradion, augment of resistanceand thrust deduction, thrust
deduction fraction, propeller dip and dlip ratios, red and
gpparent slip ratios.

Power and efficiency: Thrust and torque, indicated power,
breke power, shaft power, delivered power, thrust power,
effective power, shaft efficiency (transmission efficiency),
propeller open weter efficiency, propeller efficiencyin behind
condition, relative rotative efficiency, hull efficiency, quasi-
propulsive-coefficient (QPC).

Propdler theories Momentum theory and blade eement
theory, cavitation and its effects, ways of reduding cavitaion,
super cavitating propelers. Propdler model tests and laws of
similitude, advance coeffident, J thrust coeffident Kt and torque
coeffident Ka, ship-model coreldion, ship trids.

Rudder theory: Action of rudder in turningaship, types of
rudders, stern rudders and bow rudders.

Geometry of rudder—span, chord, rudder area, aspect ratio,
taper retio, thickness chord ratio, rudder sections rudder snapes
Force on rudder, centre of pressure, torque and bending
moment on rudder stock, effect of rudder stock, locaion on
torque, baanced, semi-bdanced and unbdanced rudders.

Rudder material and construction—rudder stock, tiller,
steering gear fundamentas, rudder modd tests, ship turning
trids, ange of head while turning, precautions to be taken by
helmsman, ship maneuvering simulgtor.

Moation of ship inwaves Theory of water waves, trochoidd
waves, sinusoidd waves, wave amplitude, wave height, wave
length, wavefrequency and timeperiod, wave odlerity, waveenergy.
Motion of waer partidesin awave. Irregular sea, wave spectra,
sea states, beauforte scale. Ship motions—degree of freedom,
surge, svay, heave, roll, pitch, yaws forcesdueto thessmotions
Anti-roll devices—active and passive roll stabilisers, seakeeping-
roll, pitch and heave motions in waves, forces due to these
motions,

Recommended Books

O R Munro and Smith. Naval Architecture and Ship
Construction. | Ma E, London.

O W Mudkle. Navd Architecture. Newnes-Butterworth, UK.

O D ATayor. Merchant Ship Construction. Butterworths, UK.
O Navd Architecture RINA Publicgion, DFUK.
O

D | Eyres. Ship Construction. Newnes—Butterworth, UK.
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MARINE THERMAL
ENGINEERING

Group A
Tranamission of hed: Application of hed transfer in marine
hed exchangerslikecoolers, heatersand condensers Prediction
of convection hed transfer raes, use of non-dimensiond
groups.
Prandtl number, Reynoldsnumber, Stanton number, Gragtz
number, etc. Natura and forced convection.

Marine steem turbines: Deveopments in steam engines,
reciprocating engines to low pressure steam turbines and to
modern high superheat, rehed and regenerativeplants, generd
principlesof construction and design. Smpleimpulse, pressure
compounded impulse, pressure-velodity compounded impulse.
Parson’s axial flow reaction turbine, double flow turbine, radial
flow reection turbine double easingturbine.

Generd layout and description of amodern geared team
turbineingdlaion indudingauxiliariesin marineuse. Combined
gesturbineand steam turbine drcuits, locdion of gears, flexible
couplings and thrust blocks, steam, exhaugt and dran line
system, gland steam system.

Maerids used for various componentslike blades, rotors,
gears, casing seding glands, etcand their jurisdiction.

Lubrication of turbines. Suitable oils and their properties.
Film lubrication, forced lubrication, lubrication of main bearings
and gears Typesof ail jets emergency lubricdion arrangements

Operdion and maintenance. Warming up procedure for
main propulsion turbines, ahead and astern running Control
of power and speed of propulsion. Throttle vave and nozzle
control governing, self-dosing emergency stop vave, emergency
governors, condenser vacuum control, servomotor governors
for generators, quick engagingturning gear for turbines.

Group B

Gas turbine plants: Constant volumes or explosion cyde
gesturbineplant, constent pressurecydeor Jouc-Brayton cyde
gesturbineplant for smpleC-B-T cycle, condition for maximum
work output and thermd efficiency in smplecyde. Methodsof
improvement of thermd effidency and work retio of gasturbine
plants, C-B-T-H cycle, complex cydes closecydeoperation of
turbineplants itsmerits and demerits Totd head or stagnation
conditions.

Axid flow compressor: Principlesof centrifuga compression
and pressurerisein centrifuga compressor, changein angular
momentum. Pre-whirl and pre-whirl vanes. Mach number &
inlet to acentrifugd compressor, dip and dip factor. Multi-stage
centrifugd compressor.

Marine refrigerating and AC plants: Typical marine
refrigeraing plantswith multiple compression and evaporation

system, heat pump cydes, refrigeration in liquefied ges carriers.
Applied problems.

Principles of ar-conditioning, psychometric properties of
ar, comfort conditions control of humidity, arflow and AC
capacity, cdculdionsfor ship plants
Recommended Books
O G F C Rogers and Y R Mayhew. Engineering

Thermodynamics: Work and Heat Transfer. ELBS
Publication.

O T D Esstopand A Mckonky. Applied Thermodynamicsfor
Engineering Technologists Longmean.
O Rayner Jod. Applied Thermodynamics. ELBSPublication.

MARINE SAFETY AND SURVIVAL

MR 403

Group A

Deck equipment: Mooring and anchoring—winches,
windless, gypsy, capsian, bollards farleads Cargo handlingand
cargo acoessequipment derricks, cranes, hatchesand hatch covers.

Navigationa lights and signas: Forward and craft mast
headlights, side lights, NVE light, towinglight, fishing lights,
etc., colours and locations of navigation lights, shapes, morse
and semaphore signaling, sound signds, flags, flag etiquette,
look out and precautionsin bad westher.

Life boats and life rafts: Construction, equipment carried,
carrying capacity. Davits and their operation, launching of life
rafts (inflatable type), embarkation into life boat and life raft,
survivd pack, storageand securing arrangements

Abandon ship: Manning of life boat and life raft, muster
lig, radio and darm signds, distresssignd (S0S), distresscdls
timeand radio frequency, pyrotechnics

Survivd a sea Surviva difficultiesand factors equipment
available, duties of crew members, initid action on boarding,
maintaningthecraft.

Practicds K nots, bends and hitches, ropes splice, donning
of life jackets, life boat drills. Lowering and haisting of life
boats (modd).

MARPOL : Convention and its annexes, regulatory control
towards environment, pollution a sea

Fire hazard aboard ships: Fire triange, spontaneous
combustion. Limit of inflammability, advantages of various
fireextinguishing agents, including vaporizing fluidsand their
suitability for ship’s use. Control of class A, B and C fires.

Structurd arrangement for different types of ships like

container ships bulk carriers, tankers, Ro-Ro ship, offshore
supply/ support vessdls, €ic.
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Group B
Fire protection built on ships: SOLAS convention,
requirementsin respect of maeridsof construction and design
of ships, fire detection and extinction systems, escape means,
electricd ingdlations, ventilation system and venting system
for tankers. Sdutory requirementsfor firefighting systemsand
equipment on different vessels.

Detedtion and sfety systems: Firesfety precautionson cargo
ships and tankers during working Types of detectors and
detection system. Description of various sysemsfitted on ships.

Fire fighting equipment: Fire pumps, hydrants, hoses,
couplings, nozzles and internationa shore connection.
Construction, operation and merits of different kinds of
portable, non-portable and fixed fire extinguishers for ships.
Propertiesof chemicasused, bulk carbon dioxideand inert gas
systems. Fireman’s outfit, its use and care. Maintenance, testing
and recharging of appliances, preparations for fire gppliances
survey.

Firecontrol: Adtion required and practical techniquesadopted
for extinguishingfirein accommodation, machinery spaces, boiler
rooms cago holds gdley, etc. Fire-fighting in port and dry
dock. Procedure for re-entry after putting off fire, rescue
operations from affected compartments. First ad and fire
organisdion on ship. Firesignd and muster. Firedrill. Leadership
and duties.

Recommended Books

O Reference Publications from IMO for SOLAS and
MARPOL. Reprinted by Bhandarkar Publications, Mumba.

O FireFighting and Safe Working. Bhandarkar Publications
Mumbai.

§ MARINE AUXILIARY MACHINERY

% AND SYSTEMS

Group A

Shefting Methodsof shaft dignment, condructiond details
and working of thrust blocks. Intermediate shaft bearing and
stern tube bearing Oil water lubricated stern tubes Seding
glands. Stressesintal end, intermediate and thrust shafts. Dry
docking: Methods of dry docking of ships. Inspection and
routing overhauling of underwater fittings and hull.
Messurement of dearancesand drops. Remova and fitting of
propdlers

Other shipboard equipment: | ndnerators, sewagetreatment
plant, engineroom crane. Chan blocks, tackles, anchor chan, its
testing and survey requirements. Different types of ship
stebilizer. Bow thrusters, hull protection arrangements.

Marinerefrigeration and ar-conditioning plants: Desgn and
constructiond details of various equipment for refrigeration
and ar-conditioning. Refrigeratorsused in marine practiceand

their justification, control of temperature in various roomsin
cargo or domestic plants.

Control of humidity in AC plants. Operation and
maintenance of plants. Control and sefety equipment.

Engineroom layout: Layout of main and auxiliary machinery
in engine rooms in different ships. Piping arangement for
steam, bilge, bdlast and oil fudl systems, lube oil and cooling
system lines with various fittings, domestic fresh water and
seawater end seawater hydrophoresystem.

Group B

Pumps: Types of pumps for various reguirements, their
charecterigticsand application in ships. Centrifugd pumps gear
pumps, screw pumps and reciprocating pumps. Care and
maintenance of pumps.

Evapordors: Congtruction and operdion of different types
of evaporators. Freshwater generators and distillers.
Conditioning arrangements of distilled water for drinking
purpose. Care maintenance of pumps of varioustypes.

Pollution prevention: Oily bilge separators and their
construction and operation, useof codesoes, prevention of oil
pollution and various internationa requirements (MARPOL
Act).

Deck machinery: Varioustypesof deck machinery usedin
ships eg, winchesand windlass their requirements. Operdtion
and maintenance. Deck cranes.

Oil purificdion: Theory of oil purification. Prindples of
operaion and construction of different centrifugesfor heavy
fued and lubricating oil.

Blowers and compressors. Operationa and constructiond
details of blowersand compressors used on board ships. Uses
of compressed ar.

Steering gears Operation and constructiond details of
various types of steering machinery. Telemotor systems,
transmitters and receivers, variable ddivery pumps used in
searing gears, axid and radid displacement types. Huntingaction
of steering gear. Emergency steering arangement. Care and
maintenance of steeringgear plants.

Recommended Books
O H D McGeorge. Maine Auxiliary Machinery. Butterworth
Heinemann.

O Smith. Marine Auxiliary Machinery. Butterworth
Heinemann.

O L bksonandT D Morton. Reeds: Vol. 8. ResdsPublications
UK.

MARINE ELECTRICAL AND
ELECTRONIC SYSTEMS
Group A
Sartersfor misodlaneousdedtrica equipment for machinery
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spaceauxiliariesand centrdized control of motorsin machinery
space, eg, sequentid garting and cutoutsfor an automatic fired
boiler incorporating safety devices and combustion control
equipment. Sequential starting for refrigerating plants,
incorporaing sefety deviceslike high-pressure cutout, cooling
water falurecutout, automatic defrostingwith thehdp of timer.
Specid requirementsof motorsand gartersfor anchor windless
and capstan, wiring diagram, lowering and hoisting
arangements, overload protection, magneticdisk, brakes.

Essentid equipment and specid circuits: Classification of
society’s requirements for electrical equipment for steering gears,
electricd control from wheel housefor dectrohydraulic steering
gear, dl electricd steering gear circuit and control equipment,
navigation lights.

Miscellaneousmarineequipment and darm system elecirica
engineroom telegraph, remote indicating revolution counter,
remotehem indicator, sdinityindicaors mig detectors, carbon
di-oxide recorder, dectricd equipment for water-tight door
operdion, centrdized dam system in machinery spacefor the
above, fire alarm system for engine room, holds and
accommodation, high temperature dams, low and high level
dam.

Electric propulson sysems, differences and rdddivemerits,
dternatingcurrent, diesd dedricand turbo electric propulsion
system engines, generators, motors, excitation system and
control.

Group B

Maintenanceof dedricd equipment, detection of faultsand
repairs, preventive maintenance and periodic survey of
equipment, classification of society’s equipment for spares on

board.

Power generation and digtribution: Selection of dcand ac
generdorsfor useon shipswith referenceto its prime mover,
meritsand demeritsof acand dcon ships. Rulesand reguldions
governing dectricad machinery on ships, location andinstalation
of generator sets. Rating and characteristics of man switch
boards. Arrangementsof preferentid tripsand protedtive devices
with wiring diagrams. Construction and characteristics of
brushless high speed ac generdors with automatic voltage
regulaor of magnetic amplifier type. Rapid voltageresponse of
ac generators. AC distribution on ships, regulationsregarding
layout of distribution system on generad cargo shipsand on ail
tankers. Navigation lights and running light indicator pand.
Specid requirements for lighting on deck and pumphouse of
oil tankers. Wiring appliances. Determination of wire szefor
AC power circuits

System earthing: Insulated neutra systems. Resistance
earthen systems.

Rules and regulations of classification of societies:
Requirementsand arangement of emergency lightingand power
by emergency generaors and storage batteries. Emergency

generator switch board, dreuit diagram for automaticstartingin
ceeeof falureof main generating plant. Connecting shoresupply
duringdry docking, precautionswhiletaking AC shore supply,
arrangement to ensure proper phase connection, arrangement
of remoteswitchesfor ventilaing fans, fuel pumps, lubricating
oil pumps and purifiers.

Motor and control equipment: Characteridicsof continuous
maximum rated machines. Centraised control of motorsin
machinery spaces. Classes of insulation—A, B, E and

temperaurerise. Rotary generators.
Recommended Books

O H D McGeorge. Marine Electricity. Newnes—Butterworth,
UK.

Dennis T Hal. Practicd Marine Electrical Knowledge.
Witherley, UK.

§ MARINE LEGISLATION AND

% SAFE WATCHKEEPING

Group A

Basic prindples to be observed in kegping an engineering
walch asper Chepter V111 of STCW 95.

Criteriafor composing theengineroom watch: Operation
and watch requirements Fitnessfor duty. Protection for marine
environment. Requirement for certification; minimum
knowledge requirement for certification—theoretical and
practicd; Duties and responsibilities concerning safety and
protection of environment. Requirements for watchkeeping
duties. Physicd traning and experiencein watchkeeping routine.
Main and auxiliary machines, pumping systems, generating
plant. Safety and emergency procedures. First ad.

Minimum requirement for ratings of engine room watch:
Specid requirement for engineer officersfor oil tankers, chemicd
tenkersand gestankers. Detalsof operationd guidancefor in-
chargeof an engineeringwalch.

Engineering watch (underway): Generd, takingover wetch,
periodic checksof machinery, engineroom|log, preventiverepar
and maintenance, bridgenotification. N avigation in congested
water and duringrestricted visibility, cdling the attention of the
Chief Engineer Officer, watchkeseping personné.

Group B

Engineeringwach (unsheltered anchorage): Conditionsto
beensured. Watchkeeping (in port), watch arrangements teking
over the watch; keeping a watch. Oil, chemical and gas tankers—
principles, characteristics of cargo, toxicity hazards; safety
equipment; protection of personnd. Pollution.

Shipboard applications: Regulations and codesof practice
ship design and equipment of oil, chemicd and ges tankers;
ship operaion, repar and maintenance; emergency operations;
traning of other personnd. Requirement of continued updating
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of proficiency. Modifications of STCW vide June 1995
conference:

I SM code: Safety concept on board amerchant vessel and
basicworking knowledge of therelevent IMO conventionslike
SOLAS MARPOL, LOADLINE, TONNAGE, COLREG,
STCW. How are above instruments adopted under explicit/
tadit acceptance prooedures?Sautory/ dasscertificatesrequired
for aforeign-going ship. How obtained? $pecid/ intermediate’
annud surveysto beoconducted, period of vdidity, involvement
of 9V, issue of SMC.

Recommended Books

O SOLAS MARPOL, LOADLINE, TONNAGE STCW,
COLREGS All suchinstrumentsoverview publicationsof
IMO.

O STCW Code1995and dlied publicationsregarding Safetyin
Wetchkeeping

SHIPPING ECONOMICS AND
MANAGEMENT

MR 407

Group A

Brief history of shipping: Modern shipping practice. Marine
vehides and cargoes. Devdopment in shipping and cargo
hendling Principa shipping organisdtions Liner and tramp
shippingservioes conferencesystems. Chartering, charter parties
Theory of freight rates and fares. Rate fixation machinery and
government control. Billsof lading Carriageof goodsby Sea
Ad. Cargo surveysand protests

Marineinsurance Underwritingand loss adjusting principles
applied tomarinecargoinsurance. Hull policy, particular average
Generd average, P& dubs.

Ownerships of vessels, shipping company and its
adminigtration. Capitaization and finance. Economicsof new
and second-hand tonnage. Subsidies.

Group B

Ship operations: Planning sailing schedules. Voyage
estimates. Economic factors. Commercid shipping practice.
Manning of ships Engagement and discharge of crew, DLB
seaman’s welfare.

Merchant Shipping Act: Registration of ship, ship’s papers.
Port procedures. Pilotage, dutiesregarding pollution. Collision,
explosion, fire etc. Vessels in distress Shipping casudties
pendtiesunder Merchant Shipping Adt.

Recommended Books
O AE Branch. TheElementsof Shipping Chgpman & Hdl,
London.

O A E Branch. Economicsof Shipping& Ship Management.
Chapmen & Hal, London.

O Kempand Young BusinessNotesfor Ship Magter, Sanford
Maritime, London.

O D H More. Personnel Management in Merchant Ship.
Pergamon Press, USA.

§ CONTROL ENGINEERING AND

g AUTOMATION IN SHIPS

Group A
Control system: Introduction to control terms, block
diagrams for control systems, open loop and closed loop
feadback control, comparison of dosed loop and open loop,
feed forward control. Feed forward modification. Regulators
and servomechaniam. Proportiond plusintegra plusderivative
controls, use of various control modes.

Graphica representation of signas: Inputs of step ramp
sinusoid, pulse and impulse, exponentid function, etc. Error
detector, controller output ements.

Dynamicsof asmple servomechanism for angular position
control: The torque proportiond to error, servomechanism,
different response of servomechanism. Technique for
improving the generd performanceof servomechanism. The
frequency response test. Series compensaion using Nyquist
diagram. Pardlel compensation using the inverse Nyquist
diagram.

Process control systems: Automatic closed loop process.
Control system. Dynamic characteristic of prooesses. Dynamic
characteridtic of controllers. Practicd pneumatic controllers.
Electronicinstrumentaion for measurement and control.

Group B
Analog computing and simulation: Introduction, basic

concepts. Anadog computers. Smulation. The use of digitd
computer in thesmulation control system. Hybrid computers.

Transmission: Pneumatic and electric transmission,
suitability for marine use. Pneumatic and types of controllers,
hydraulic, dectric and electronic controllers for generation of
control action. Timefunction controllers.

Correcting units: Digphragm actuaors, vavepostioners,
piston actuetors, dectro-pneumatictransducers. Electro-hydraulic
actuatorsand dectricactuator control valves.

Application of controls on ships: Marine boiler—automatic
combustion control, ar/ fud raio control, feed water control,
single-, two- and three—element type steam pressure control,
Combustion chamber pressure control, fud oil temperature
control, control in main machinery units for temperature of
lubricating oil, jacket cooling water, fuel vave cooling waer,
piston coolingwater and scavengear, fue oil viscosity control.
Bridge control of man machinery. Instrument for UMS
dassification.
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Recommended Books
O D Gray Centrdised Control Systems Pergamon Press USA.
0O D ATaylor. Maitime Control Practice. Butterworths, UK.

MARINE BOILERS

MR 409

Group A
Generd condderations governing the design of boilers:
Typesof marineboilers comparison of smoketubeand water
tube boilers. Destructive and non-destructive tests on plates,
rivets, welded seams, dassificdion of sodieties requirementsfor
boilerscongruction.

Smoke tubeboilers: Various typesin marine use, principa
dimensionsand gtaying of fld surfaceof multitubular cylindrica
boilers Verticd auxiliary boilers

Weater tube boilers: Genera description with sketches of
principa typesof boilersin marineuse, superhedter, economizer,
ar prehegter and deam prehegter; droulation and useof unhegted
downcomers in highly rated boilers;, superheat temperaure
control. Attemperaorsand desuperheders.

Group B

Waste heat boilers: Wastehed recovery caculdion, lanont
exhaust gesboiler. Sootch composteboiler, cochran exhaust ges
and composite boiler, spanner marine exhaust gas and
composite boiler. Forced water circulation boiler, double
evaporation boiler.

Boiler mountings: Safety valves—improved high lift, full
lift and full bore type. Gauge glass—ordinary plate type and
remoteindicator, automatic feed regulaor, three dement high
and low water level dams, main steam stop vaves, retractible
typesoot blower, ec.

Operation, care and maintenance: Precommissioning
procedures, hydraulic tests, steam rasing and operating
procedures, action in the event of shortage of waer. Blowing
down of bailer, layingup aboailer, genera maintenance, externd
and internd tube deaning Tube renewas, eic. Maintenance,
inspection and survey of boilers
Recommended Books
O JH Milton. MarineBoilers. Butterworths, UK.

O G T H Flanagan. Marine Boilers and Mountings. Newnes
Butterworths, UK.

MARINE ICENGINES

Group A
Practicd diesel engine cyde: 4-stroke and 2-gtroke cydes;
deviation from ided condition in actud engines; limitation in

parameters, timing diagramsof 2-stroke and 4-strokeengines.
General description of IC engines—marine diesel engine of M
A N, Sulzer, B & W make, elc. Compardive study of dow
speed, medium speed and high speed diesel engines and
suitability and requirements for various purposes. Specia
fedures of varioustypes of engines.

Condructiond detailsof 1C engines Principa components.
Jcketsand liners, clinder heads. Pistons, crossheads, connecting
rods, bed plates, A-frames Welded construction for bed plaes
and frames. Tierods.

Scavenging and supercharging system: Scavenging
arrangementsin 2-stroke engines, ar charging and exhausting
in 4-stroke engines; various types of scavenging in 2-stroke
engines, uniflow, loop, crossloop and reverseloop scavenging,
their merits and demerits, scavenge pumps for normaly
aspirded engines under piston scavenging, scavengemanifolds.
Turbocharger and itsdetails

Supercharging arrangements: Pulse and constant pressure
typeand their rdldivemerits and demeritsin highly rated marine
propulsion engines. Air movements insidethe cylinders.

Combustion of fues in |C engines: Grades of suitable
fuels. Preparation of fuels for efficient combustion. Fuel
atomisation and requirementsof fud injectors. Design aspedts
of combustion chamber. Compression pressure raio and its
effect on engines. Reasonsfor varidtion in compression pressure
and pesk presaure, ignition delay after burning.

Group B

Cooling of 1C engines: Various cooling media used and
their merits and demerits, cooling of pistons, cylinder jackets
and cylinder heads, coolant conveyingmechanism and systems,
maintenance of coolant and cooling system.

SHfety and prevention of mishgps in I1C engines: Causes
and prevention of crank-case explosions, and scavengefires.
Detection and safety fittings provided to prevent damage.

Fud pumps and metering devices: Jerk and commen rail
systems; fud injection systems. Helicd groove and spill vave
type fue pumps. System for burning heavy oil in sow and
medium speed marine engines.

Maneuvering systems: Sarting and reversing systems of
different marine diesal engineswith safety provisions.

Indicator diagrams and power cdculations: Construction
details of indicator instrument. Sgnificanceof diagram power
cdculaions, fault detection, smpledraw cardsand out-of-phase
diagrams Power baancing, performance characteristiccurves
test bed and seatrias of diesel engines.

Lubrication systems: Lubrication arrangement in diesel
engnesincluding coolersand filterscylinder, lubrication, liner
wear mechanism and preventive messures, combindions of
lubricating oil and itseffect and preventive measures.

Medium speed engines: Different types of medium speed
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marine diesel engines, couplings, and reduction gears used in
conjunction with medium speed engine, development in
exhaugt vavedesign. V-typeenginedetals.

Automation in modern diesel engine plants: Remote
operation dam and fdl sefe system, governorsand their basic
functions. Constant speed and overspeed governors.
Congructiond details and hunting of governor.

Recommended Books
0O JbhnLamb. Marine Diesd Engines Charles Griffin, UK.

O CCPounder. Marine Diesel Fingines. Newnes—Butterworth,

UK.

O D K Sayd. MaineDiesd Engines. Bhandarkar Publicdtions,
Mumbai.

Southern. Marine Diesd Engines JamesMunro, UK.
Reeds: Vol 12 (Revised Edition). Reeds Publications, UK.

i
i
i MARIN E POWER TRAN SMISSION
=

Group A

Running of 2-stroke diesel engine (coupled to alternator):
Methods of starting, running under different load conditions
(load on the dternaors), watchkeeping and recording of the
temperaures, pressureson different meterson thediesd engine
instrument pand and switch board. Looking after theauxiliary
mechinery, viz., air compressor, cooling water pump and
lubricating oil pump.

Boiler operation: Raising steam from cold condition upto
itsworking pressure and maintainingthe samewhileoperating
theredprocatingengineand theauxiliary machinery, maintenance
schedulefor the Sootch boiler.

Blowing of gauge glasses with precautions involved.
Necessity and procedure of cross blowing Overhauling of
mountings. Dismantling, overhauling and adjustment of high
lift sefety vave Sudying theworking of boiler plant auxiliary
mechinery.

Hydraulictransmission of power: Hydraulic motors, vaves,
types of hydrostatic drives Types of hydraulic transmission
systems—multimotor open-circuit and closed-circuit systems.
Applications of hydraulic transmission. Advantages and
disadvantages of hydrostatic transmission.

Group B

Rotodynamic transmission: Hydraulic coupling, torque
converter and characteristics of hydraulic coupling and torque
converter. Linear transmission of hydraulic power, circuit for
deviceslike hydraulic press, jack, accumulator, intensifier and
hydraulic lift.

Fluid power: I ntroduction. Applications of control systems.
Control sgnds Hydraulic servomechanisms Servo vaves vave

operated servomechanisms and bumpcontrolled
servomechanisms.

DC and AC transmission and distribution: Two wire and
three wire dc system, use of balancer, ac transmission—single
phase and three phase, three-wire and four-wire distribution,
comparison of dcand actransmission, effect of voltagedrop,
copper utilisation under different systems, singe and double
fed digributors, fuses, dc ar drcuit breeker, acair and oil drcuit
breskers
Recommended Book

O JCowley. Running and Maintenance of Marine Machinery.
IME, London.

DOUBLE HULL TANKVESSELS

MR 412

Group A

Origin double hull ships, their usefulness and superiority
over conventiond singe skin ships, use of double hull tank
ships for transport of different types of commodities,
prevention of oil-spill and pollution of sea, MO requirements,
schedule for phasing out singe hull tank vessds of different
sizes.

Design considerations, main dimension, hull-weight
estimate, double hull requirements, minimum depth of double
bottom tank, wing tank width, dearance for inspection, ec.,
maximum cargo tank size, capaaty, effect of freesurface damage
stability, hydrostaticdly baanced loading, dashing loads its
eimination or minimisation.

Group B

Structural design, non-uniform and uniform stress
distribution, unidirectiona (longitudind) structura members,
elimindion of transversestructurd members(except transverse
bulkheads), minimisation of gructurd discontinuitiesand stress
concentraion zones, useof sted of higher strength, resistance
to grounding and collision, dassification society requirements,
accessto insdeand bottom spaces.

Cago handling system, use of submerged pumps, ordinary
pumps or new independent pumps, cargo transfer system,
assurance of qudity of cargo oil, complete dimination of risk
of admixture of different grades of oil, conceded pipdines,
easy maintenance, inspection and deaning, dimination of
explosion risks.

Economic aspects fast loading discharging of oil cargo,
quicker deaning, bdlasting and debdlasting, larger number of
tripsper yeer.

Recommended Books
O Navd Architect. Royd Ingtituteof Nava Archited, UK.

O MaineEngneersReview. I ndtitute of MarineEngineers
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Appendix||

RULESFORTHE CONDUCT OF EXAMINEESIN THE EXAMINATION HALL

1.

An examinee shall strictly follow the following rulesin the examination hall :

10.
11
12

13.

Heshdl not carry into hisseat any maerid except his Admit Card, vdid | dentity Card, pen, pencil, drawing instruments
and non-programmeblecdculator.

Tables when permitted to be used by an examinee, will be provided by the I ngtitution.

Anexamineewill be permitted to enter theexamination hdl 15 minutes before commencement of the examindion, but
shdl not be admitted to the examinaion hdl after hdf an hour from the commencement of the examination.

An examinee must check before using the answer-book that the answer-book supplied to him is numbered, bears ‘TE’
perforation mark a thetop right-hand corner, containsdl the pagesin sequentid order between thecovers, thestaplesfor
gtitching areintact and thereisno defect in theanswer-book.

Theinvigilator should berequested by the candidaeto replace hisanswer-book, if defectivein anyway, before use.
Useof defedtiveanswer-books not authenticaied by theinviglator, shdl be considered asa case of adopting unfarmeens.

An examineeisrequired to write hismembership number, roll number and subject of the examination in therespective
space provided on the cover of the answer-book. If these detdls are not correctly filled-in, the answer-book shal be
rejected.

Disclosing of name, signature, or anythingleading to thedisclosure of identity of thecandidaeanywherein the answerbook
shall beconsidered asacaseof adoptingunfarmeans.

An examinee must use English for al examinations unless prior permission of the Ingtitutions to use any regiona
language or Hindi has been obtained.

Theanswers should be properly numbered corresponding to the serid number of the questions. Examiness arerequired
to usethe pagesof theanswer-book seridlyleaving no pagebank. All blank pagesin the answer-book should be crossed
by theexamines, after atemptingdl thequestions.

An examinee must not communicatewith any other examinee duringthehoursof examingtion. Thelngtitution reserves
theright to takeany action as may bedeemed proper when an examineeisdetected during or ater theexaminaion inany
oneor moreof thefollowing offences: (a) helping another examinesor (b) atemptingto obtan unfar assistanceor using
unfairmeensor (c) writing any objectiongbleor improper remarksin the answer-book or (d) atemptingto render identification
of the answer-book impossible either quoting fase roll number or membership number or intentionaly omitting the
same or (&) detaching pages from the answer-book or (f) replacement of the answer-book or (g) writing on any materia
other than the answer-book or (h) impersonation or (i) giving threa or using any objectionable or improper remarksto any
onein theexamination hal or (j) damaging the property in the examination hdl or (k) request for marks/ graceor (I) any
other misoonduct.

No pat of answer-books, drawing sheets, etc supplied to an examineein theexamination hal should betaken out by the
examinee.

No examinee shdl be permitted to leavetheexamination hdl under any drcumstancestill haf an hour has égpsed from
the commencement of examination. Under unavoidable drcumstances, an examinee may, with the permission of the
invigildor, bedlowed to leave theexamination hal temporarily submitting hisanswer-book and thequestion paper tothe
invigildor after expiry of not lessthan 30 minutes. Further, no examinee shdl be permitted to leavefindly theexamindion
hal without submitting his answerscript to the invigilator until an hour has eapsed from the commencement of the
examinaion.

In case any mderid defedt is found in the question paper, the examinee should bring in the notice of the invigilaor
immediatdy for remedia action.

Notwithstandingtheissueof Admit Card, the I ndtitution shdl havetheright, for any reason which may appear sufficient,
to cancd theadmission of any examineewhether before, during or after theexamination.

Any violdion of any of the rules of examinations shal make an examinee liable for pend measures and punishment as
may be decided by the Council of the Institution.

TheDigtrict Court a Alipore, 24-Parganas (South), West Bengd, shdl havetheexclusivejurisdiction in mattersarisingout
of the conduct of Ingitution Examinations and/ or pena measures or any decision of the Council of the Institution
giving or conferring punishment to any examinee.
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Appendix 11

REVISED PROFORMA FOR EGISTRATION OF SECTION B
Dear Sir

| am sending the application for Registration of Section B duly filled-in with demand draft for Rs. 4800/- (US$ 300 for
overseas candidates) The fee includes Rs.1800/- for upgrataion of ST/T member after passing of Section B Examination
to the grade of AMIE. The information provided by me in the application are correct to the best of my knowledge. [Fee for
Registration of Section B for Associate Members/Members/Fellows is Rs. 3000/- (US $ 200 for overseas candidates)].

1. Name Membership No.
2. Passed Section Ain with Roll No.
3. |Choice of Engineering Branch Code No. of Optional
(Code No. only) Subjects Choises
Bank Draft No. dated for

Full signature of the candidate with date

CERTIFICATE OF ENGAGEMENT
(to be filled-in by the Engineer under the candidate is working)

1. Name of the orginization (in BLOCK letters)

Address of the organization (in BLOCK letters)
Name of the organization (mark v inthe relevant box ) : |:| Company |:| Firm |:| Statutory Body

Government Dept. |:| Public Sector Undertaking E] Research Organisation |:| Statutory Body

4. Nature of artivities of the organization

5. No. of Employees

I certify that SNF/IVIS......c.iiii et crs s e br e sresan s nnesre s who has passed Section A Examination of the
Instution of Engineers (India) is engaged/receiving traning in this organization under me since..............c.ccccoceeeeie.
= (designation). His date of appointmentis ............co e
SEAL OF THE (Full Signature of the Certifying Engineer & Date)
Designation
ORGANISATION Membership No. FIF/MIE/AMIE/AIE -<c-xerwememmemeee
.......................... (DONOTTEAR) . . . . o e e e e e e e e
i i Passport size
Spe?me? Signature of the — Sholo 10 bo
pplican pasted here.
(Preferably in English) Do nol sign on
The signature should not be long the photograph.
the box (use black ink only)

Name (in Capital Letter) Membership No. Signature (preferably in English) with date

Note : This photograph and signature are to verified by the supporter, who must be a Corporate Member in the grade of FIE/MIE/AMIE
only
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IMPORTANT INSTRUCTIONS

For Branch Code and Subject Codes, please refer
Rules (Vol.1) effective from summer 2005
examinations as per Revised Syllabi. Also available at
www.ieindia.org-Academic-Information-Course
content.

A candidate is required to send a demand draft of
4800/- towards registration fee with application form.

Candidate is expected to be engaged in engineering
profession with a registered engineering
establishment. As such the signature of the Engineer/
Employing Authority is prerequisite in the application
form. Certification by T/ST members will not be
accepted.

Candidate is required to opt three optional subjects
from any one group (refer Rules, Vol.1).

5.

6.

Please affix one passport size photograph on the
specified space. No separate Identity Card will be
issued for Section B Examination. You will have to use
the existing Identity card for Section B examinations
as well.

In case your recorded address is changed, please fill
up the form for change of address/replacement of
Identity Card available in www.ieindia.org-Membership
-Downloads.

Demand Draft(s) should be drawn in favour of ‘The
Institution of Engineers (India)’ payable at Kolkata.

Please send the filled-in application form with demand
draft to The Assistant Director (EEA), The Institution of
Engineers (India), 8 Gokhale Road, Kolkata 700020
by registered post/speed post/courier super scribing
on the envelope ‘APPLICATION FOR REGISTRATION
OF SECTION B’
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Appendix 1V

APPLICATION FORMAT FOR EXAMINATION
RE-REGISTRATION/PREMATURE RE-REGISTRATION
The Director (EEA)

The Institution of Engineers (India) For Office Use Only

8, Gokhal Road
Kolkata - 700 020

Dear Sir,
You are requested to consider my application for Examination Re-registration/premature re-registration for Section A / Section B
Examination. | give below the following factual information as (3 ) marked in the appropriate box :

1. My six-year period to pass Section A/ Section B Examination in Revised Scheme was :l

expiard in Winter Examination.

Stamp Size

2. | passed Section A Examination in Summer/Winter ....................... Photograph to
. L . . . . the pasted here

3. | wish to apply for premature examination re-registration. (Refer instructions overleaf).

4. My membership grade and no. is | | | | | | | | | — | |

| also hereby agree that exemption in subject(s) secured during the stipulated period of six years or expiry of five years, as applicable,
in Sectlion A/ Section B Examination shall be forfeited once my application for Examination Re-registration/ Premature Re-registration is
accepted by the Institution. | shall not calim in future to gag - gxemptions.

a) | agree that after re-registration, my six yegs#® Derey W Mgl summer examination immediate to the yhear of

b) | agree tha after premature re-regig 1 i ks ears period will be counted from summee

Full Name (block letters)
Recorded Address (block letters

(For change of Address see oy

bf Candidate with Date

D Demand Draft of Rs. R0 3 1) :  in favour of ‘“The Institution of

Note : 1. Submission of applicationNgriey ; T Ty e el of the Institution latest by 10 April for
Summer Examination and 108Q Che

2. Candidates for Section B must available on the website) with requisite fee.

3. No service identity card will be issSteg g ot 1o ale desire to change the address/replace the

identity card/report lost of identity card, P Sl i -’. FDepartment with relevant application form available

in website www.ieindia org.

Applicant Name :

Applicant Membership Grade and No.

. . Passport size
Specimen Signature ~ —> photograph to be
of the Applicant pasted here
(in English only) (do not sign on

The signature should not be long the box the pholograph)
(use black ink only)
Supporter : Verified the photograph and signature of the applicant
Name (in Capital) Membership No. Signature (in English only) with date

FIM/AM

Note 1 : The photograph and signature are to verified by the supporter, who must be a Corporate Member in the grade of FIE/MIE/AMIE only.
Form No. EXAM/0S
Rev 06/01112016
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PREMATURE RE-REGISTRATION

Instructions:

Eligibility : Candidates be permitted to apply for premature registration, after the expiry of five years of stipulated six
years period when they have not sufficient time to pass the balance subjects of Section A/Section B examination.
Such candidates may submit their premature re-registration form for another six years period to appear afresh in
all subjects of Section A/Section B with the following condition(s).

Condition:

For Section A (Non-diploma)

Candidates passed only one subject in Section A (Non-diploma) till the expiry of five years of stipulated six years
period, are eligible to apply for premature re-registration. [Candidates passed two or more subjects in Section A
(Non-diploma) after the expiry of five years of stipulated six years period are not eligible to apply for premature
re-registration.]

For Section A (Dipl )
Candidates in Section A (Diploma) are not eligible to apply for premature re-registration.
Eor ion B

Candidates, who are unable to pass any subject in Section B till the expiry of five years of stipulated six years period,
are eligible to apply for premature re-registration. [Candidates passing one or more subject(s) in Section B after
the expiry of five years of stipulated six years period are not eligible to apply for premature re-registration.]

e Six year period shall be counted from Summer examination of the year in which a candidate submits his/
her application forth is purpose.

e For Section A candidates, subject exemption, if any, shall be forfeited after premature re-registration.

e For Section B candidates, pass status of Section A examination will remain unaltered.
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AppendixV

T he | nstitution of Engineers (| ndia)

8, Gokhale Road, Kolkata - 700 020
EXAMINATION APPLICATION FORM FOR

SUMMER / WINTER E] @ |:| |:|

NAME (in capital letters)

ADDRESS ( in capital letters)

MobileNo. [ [ [ [ [ [ [ [ [ [ ]] TelephoneNo. [ [ [ [ [ [ [ [ [ [ [ |
E-mail :
Engineering
MEMBERSHIP GRADE Scheme Code Branch Code
(TISTIAM/M/F) MEMBERSHIP NUMBER (AN=2, AD=3, B=4) (CH=04, CV=08,.........)

(1] (TTTTT1-0] [ ] —
1. Appeared previously in Summer/Winter |:| |:| |:| |:| With Roll N0.|:| |:| E] |:| E] |:|

2. | wish to appear from Examination Centre Code No. EI:I:'

* Write Code No. of subjects i ial
order in which desires to appear | L LT T IC TICT TICTICT TICTICT T

*For examination,[j:' Djj refer Rules : Vol. 1 effective from Summer 2005 Examination
FOR SECTION B CANDIDATES ONLY

(a) Passed Section A/ Section A (D) / Section B completely in Summer / Winter |:| |:| |:| |:|

with Roll No. [ [ ][ 1[C]

(b) Secured exemption from Section A / Sections A and B in (term/year)

| Shall abide by the Rules of the Institution Examinations as printed in Rules (Vol. |) effective from Summer 2005
Examination and revised thereafter from time to time.

Full Signature of Candidate with Date

Enclo : Demand draft of Rs. no. dated / / /

drawn on (Bank) in favour of

‘The Institution of Engineers (Inida)’, payble at kolkata.
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Appendix VI

EXAMINATION AID OTHER FEE AND COST OF PUBLICATIONS
REVISED FEE STRUCTURE FOR SECTIONS A fa B EXAMINATIONS

Examination Fee

For india and Nepal (RsX)

For Overseas Centres (US $)

Section A (Non-Diploma Stream) 3000 225*
Section A (Diploma Stream) 3000 225*
Section B 3000 225*
Provisional Appearance (Section ‘A’ / ‘B’ 1500 150
Appearance in Additional Subject (per subject) 500 30"

*

Effective from Winter 2018 Examination.

Fee for other Examination-related Services

For India and Nepal (Rs3)

For Overseas Centres (US $)

Registration for Section B’ 4800 300
Fee for Laboratory Experiments 7000 400
Examination Re-registration (six years) 3500 280
Fee for Project Work 3000 200

overseas candidate)

Note : For corporate members appearing in additional branch, Section B registration fee is (Rs. *) 3000/- (US $ 200 for

Fee for Duplicate Marksheet/Grade Card For India and Nepal (Rs3)* For Overseas Centres (US §) **
and Certificate

Marksheet/Grade Card (current session) 25 5
Marksheet/Grade Card (previous session) 100 10
Marksheet/Grade Card (over 20 years old) 1000 100
Pass Certificate 500 50
Pass Certificate (over 20 years old) 1000 100
Identity Card 150 10
Transcript (per copy) 500 50
Transcript (per copy over 20 years old) 1000

No Objection Certificate # 500 40
Appearance Certificate 200 20
Language Certificate 200 20
Fee for verification of educational credentials 600 60

** including postage by Air Mail.

# Effective from 01 Jan 2014
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COST OF OTHER PUBLICATIONS

T/ ST members of the Institution may obtain the following documents on payment at the following rates :

INDIA, NEPAL AND BHUTANOTHER COUNTRIES (including postage)

Item Cost (Rs. %) Postage by Registered | Total (Rs.X) Cost (US $)
Post (Rs. X)

Study Material of Section A
(Diploma) 2200 2200 220*
Prospectus with the T/ ST Form 375 375 35*
Individual book on each subject 550 550 55*
Old Question Papers
(Section A -Diploma) 25 30 55 5
Old Question Papers (Section A -
Non-Diploma) 40 35 75 5
Old Question Paper (Section B) 40 50 90 5
Study Material of Section B 650 - 650 60"
per subject

* Inclusive of Postage.

All payments for different items as mentioned above are to be made through demand draft drawn in favour of The
Institution of Engineers (India), payable at Kolkata. Money Orders / Cheques / Postal Orders will not be accepted.

The candidate’s name along with the membership number, if applicable, are to be written on reverse of the demand dratt.

The fee structure may be revised by the Council without assigning any reason. Any such revision shall be duly notified in
the Technicians’ Journal.

Payment Gateway for Guests and Members
IMPORTANT INSTRUCTION TO CANDIDATES
* Fee will not be refunded or adjusted for submission of duplicate examination form.

* Do not staple the draft along with the letter/fexamination form. Use gem clips only to facilitate quick detachment of the
drafts.

* Fee for rejected examination forms will not be adjusted to any account. The charge of Rs. (%) 150/- only for processing.
The examination form shall be deducted while refunding the examination fee.

* In case a candidate claims that inspite of submitting an examination form in conformity with Rule 3.1, he has neither
been provided with Admission Card nor any information about rejection of his application, he can submit a fresh
examination form along with a demand draft of Rs. (¥) 1500/- only, with the photocopies of his original examination
form, details of the demand draft and a copy of the postal receipt to the Officer-in-Charge for provisional appearance
in the examination. In case the candidate’s claim is found not to be in order, the fee deposited by him shall be forfeited
and his appearance shall be treated as irregular.

* Programmable calculator and mobile phone are not permitted to use in the examination hall. Non-programmable
calculator may only be allowed.

* Design Data Book is not permitted to use in the examination hall unless stated in the question paper.

* Request for change of subjects shall not be entertained after submission of examination form.
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Appendix VI

IEI EXAMINATION CENTRES

Section A/Section A (Diploma)/Sections A & B Examination will be conducted at the following locations with the scheme/
s as stated below until further notification:
Centre Place Scheme/s Centre Place Scheme/s
Code Code
001 KATHMANDU 462 BHOPAL
002 ABU DHABI 482 JABALPUR All Schemes
003 BAHRAIN All Schemes 490 BHILAI
005 KUWAIT 492 RAIPUR Section AD
110 DELHI 500 HYDERABAD All Schemes
121 FARIDABAD Section AD 516 KADAPA Section AD
132 KARNAL 517  TIRUPATI All Schemes
141 LUDHIANA 520  VIJAYAWADA Section AD
160 CHANDIGARH 530  VISAKHAPATNAM
1;; JS:;AMJS All Schemes 560  BENGALURU All Schemes
570 MYSORE
190 SRINAGAR _ 580  DHARWAD Section AD
201 GHAZIABAD Section AD 600  CHENNAI All Schemes
202 ALIGARH Section A 607  NEYVELI Section AD
208 KANPUR 620 TIRUCHIRAPALLI
211 ALLAHABAD 625 MADURAI
221 VARANASI All Schemes 641 COIMBATORE
ii? :lrilcliil:\iw 673 KOZHIKODE All Schemes
243 BARE ILLY Section AD 682 KOCHI
047 ROORKEE 695 THIRUVANANTHAPURAM
248 DEHRADUN All Schemes 700 KOLKATA
302 JAIPUR 713 DURGAPUR
324 KOTA Section AD 721 KHARAGPUR Section AD
342 JODHPUR 735 JALPAIGURI
380  AHMEDABAD All Schemes /44 PORTBLAR All Schemes
390  VADODARA Section AD 751 BHUBANESWAR
400 MUMBAI 760 BERHAMPUR Section AD
403 GOA All Schemes 769 ROURKELA All Schemes
407 BELAPUR 781 GUWAHATI
411 PUNE 793 SHILLONG Section AD
422 NASHIK Section AD 799  AGARTALA
431 AURANGABAD 800 PATNA All Schemes
440 NAGPUR All Schemes 831 JAMSHEDPUR
452 INDORE Section AD 834 RANCHI
Section A means both Diploma and Non-diploma Streams; Section AD means Section A (Diploma);
All schemes mean both Section A and Section B.
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Appendix V11|

Director (EEA)

The Institution of Engineers (India)
8, Gokhale Road

Kolkata - 700 020

INSPCTION OF ANSWERSCRIPT (S)

1. Name of the Candidate

2. Membership No. —

3. Roll No.

4. Subject Code (s) — _

5. Mailing Address

6. E-mail Id

7. Mobile No./Landline No.

[Note:

a) The fee for inspection of answerscript of each subject is Rs 500/- (Rupees Five hundred only). The candidate is
required to enclose a single demand draft of the requisite fee accordingly, subject to a maximum of Rs 2000/-
(Rupees Two thousand only) in favour of “The Institution of Engineers (India)” payable at Kolkata. The application
for inspection of answerscript(s) should reach the above mentioned address within 15 days of declaration of the
results of the respective session.

b) Inspection of answerscript shall not tantamount to re-valuation of answerscript. This is only a process of verification
of arithmetic correction in totalling of marks and any omission/deletion in evaluation. In case any mistake/deficiency
is found, the Institution will correct the same.

c) There is no provision for inspection of answerscript at State / Local centres of this institution. The candidate is
required to be present in person along with the identity card issued by this institution [no representative(s) under
any circumstance will be allowed as per rules] at IEI HQs in Kolkata on the particular date and time to be intimated

in due course by e-mail and letter. Any request for change of date and time once allotted will not be entertained
under any circumstance.]

Enclosed please find ademan draft NO.........cccooiiiiiiiiiiies e s dated.....ccoovviiiiiiiiiiiei e for
L UUPRURRRRSSORRN o | - 1) o [l o OSSO USUSURTOPRRPRRY ( == 13198 |y

favour of “The Institution of Engineers (India)” payable at Kolkata.

IEVEEA/19
Rev 01/05.10.2016 (Signature of the Candidate)
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Appendix X

APPLICATION FOR CHANGE FOR BRANCH/
OPTIONAL SUBJECT(S) FOR SECTION B EXAMINATION
The Director (EEA) For Office Use
The Institution of Engineers (India)
8, Gokhale Road
Kolkata 700 020

Change of Branch/Optional Subject (s)
Dear Sir,
| would like to change my branch/optional subject(s) as per the details given below :
1) BRANCH OF ENGINEERING :

CURRENT DESIRE TO CHANGE
Branch Code Branch Code
Branch Name Branch Name
II) CODE AND NAME OF OPTIONAL SUBJECTS (all three optional subjects are to be mentioned) :
CURRENT DESIRE TO CHANGE
Subject Code Subject Code
Names of Subjects Name of Subjects
1. 1.
2, 2.
3. 3.

My particulars are given below :
NAME (in capital letters)

ADDRESS (in capital letters)

PIN
Mobile No. Telephone No.
MEMBERSHIP GRADE AND NO.
Passed Section A in Summer/Winter with Roll No.
Exempted from Section A having passed Examination from
in the year (attested copy of the certificate enclosed).
Enclo : BankDraftNO........ccccevivvieiicieiciee e dated.......cccoveeinnennn. for Rs.4000/-(US$200 for overseas candidates)

to effect for change as requested above (Name and Membership no. are to be written on reverse of the bank draft).

Full Signature of Candidate with Date
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Appendix X

EEA/ED/COC/105 Date:

Director (EEA)
The Institution of Engineers (India)
8, Gokhale Road, Kolkata 700020

Dear Sir,
Please arrange to send the study material(s) (V mark) of the following subject(s) of Section B.

Subjects Codes

Water Resources Systems (CV 405)
Data Structures (CP 403)
Programming Languages (CP 404)
Computer Architecture (CP 406)
Systems Analysis and Design (CP 407)
Power Systems (EL 403)
Electrical Machines (EL 405)
Measurements and Control (EL 408)
Electronic Circuits (EC 406)
Mechanics of Solids (MC 403)
Thermal Science and Engineering (MC 405)
Manufacturing Technology (MC 406)

| enclose a demand draft of Rs. 650.00/ Rs. 1300.00/ Rs. 1950.00/ Rs. 2600.00 for one/ two/ three/ four subjects, as
applicable, in favour of The Institution of Engineers (India)’ payable at ‘Kolkata’ for this purpose. The details are given
below:

Name
BB S D O, & ettt s et e bt st et et b s et et ek ese st et e s et et e s et eas e e eae e
MAIIING AGArESS & ittt s b st ere et e et e b s e b b 4 e b et sesem et ee e e era s s eaeRe e sabent saebe seema b sesas enens

Pin Code :\ | | | | | \

e-mail 1D

Mobile No.

[Please note that the study material(s) are sent only to the recorded addresses of the candidates. If there is any change in
the addresses of the candidates, they are requested to apply for the change of their respective addresses (application
form for change of address can be down loaded from the website of |IEl www.ieindia.org under the tab “Academics”, click
“Downloads” and download it from the 2nd page of “Section B Registration Application Form”) along with a demand draft
of Rs 150.00 in favour of The Institution of Engineers (India)’ payable at Kolkata separately]

Enclo: Demand Draft of Rs (no. ) Signature of the Applicant
), T IR - R —

Subject(s)

CV 405 EL 405 Membership No.

CP 403 EL 406

CP404 EC 406 Name and Address:

CP406 MC403 (in block letters)

CP407 MC405

EL 403 MC406 Pin Code L] ]

Form No. EXAM/18
Rev 04/04022016
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