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- Minutes ofthe 201h Senate
Meeting held on 24i, F e'ruary, 2O2l -

The 20'h Senate Meeting ofNational Institute ofTechnology Manipur was held on 24rh February,
2021 at 11.00 AM.
The following members were present:

* Prof. (Dr.) coutam Surradhar
Director, NIT Manipur

t Prof. Memcha Loitongbam
Mahipur University

'l Prof. Debkumar Chakrabarti
IIT Guwahti

.i. Prof. Chiranjib Bhatracharjee
Jadavpur University

.:. Dr. Jisnu Basu
Saha lnstitute ofNuclear physics, Kolkata

t Dr. Prabir Kumar Mukhopadhyay
Damodar Valley Corporation.. Dr. P. Albino Kumar
Dean (AA), NIT Manipur

.:. Prof. Rajesh Kumar Bhushan
Mechanical Engineering Deptt., NIT Manipur

* Dr. M. Sunil Singh
HoD, Civil, NIT Maripur

* Dr. Shuma Adhikari
HoD, EE, NIT Manipur.l Dr. Manoj Kumar
HoD, ECE, NIT Manipur.l Dr. Kh. Johnson Singh
HoD, CSE, NtT Manipur.l Dr. H. Neeranjan Singh
HoD, Mechanical Engg., NIT Manrpur.:. Dr. Ch. Barchand Singh

. HoD, Mathematics Deprt., NtT Manipur
{. Dr. Bibhu Prasad Swain

HoD, Physics Deptt., NIT Manipur.t Dr. ChandiCharan Malakar
HoD. Chemisrry Dep .. Ntl Manipur.t Dr. Sangeeta Laishram
HoD, HSS, NIT MMipur

.:. Prof. Kh. Manglem Singh
Registrar (i/c), NIT Manipur

At the outset, the Director NIT Manipur welcomed

invitees.

all the new members and the distinguished

Ex-officio Chairman

Member

Member

Member

Distinguished Invitee

Distinguished lnvitee

Member

Member

Membe.

Member

Member

Member

Member

Member

Member

Member

Member

Secretary
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Minutes ofthe 201b Senate
Meeting held on 24'h February, 2021

The Difector invited the Registrar (i/c) to initiate the proceedings on the agenda items.

ITEMNO.20.I| Conlirmation of the minutes of the lgth Senate meeting held on

03/11/2020 via Video Conferencing

The Senate confirmed the minutes ofthe l9'h Senate meeting held on 03/l l/2020.

ITEMNO.2O.2: Action taken on the decision of the 19th Senate Meeting held on

03/1U2020 via Video Conferencing

The actions taken on various decisions ofthe l9d meeting ofthe Senate are as follows:

st. Item No. Decision Taken

ITEM
NO. t9.3:

To consider and appfove lhe

Academic Calendar (Novembef

2020- March 2021) for B.Tech. lst
year admitled in 2020-21 Academic

Session

The Senale approled lhe Academic Calendar
(Novenrber 2020- March 2021) for B.Tech.
1s1 year adnrilled in 2020-21 Academic
Session (Online Classes due to COV1D"l9)

Conrplied Noted

). ITE\'J
NO. 19.4

To ralify the awad of B.Tech.
degrce to studen$ who passed ou in
2020

The Senale ratified $€ awad of B.Tech.
Degree to 109 students who were awarded
degree by the 7'i Convocation held on
t2/t0/2020

Nored

L ITEM
NO. t9.5

To ratiry the award of M. Tech
degree lo studenrs lvho passed our in
2020

The Senate raiified the auard of M.Tech
Degree to 57 sludents who were awarded
degree by the 7d Convocation held on
t2/t0/2020

.t. lTEM
NO. 19.6

To ralify the award ofM. Sc degree
to students who passed out in 2020

The Senale ralified the award of M.Sc Degree
to 30 srudents who were awarded degree by
the 76 Convocalion held on l2ll0l2\20

Noted

5. lTEM
NO. 19.7

To rarify $€ awafd ofPh.D degrce The Senale ratified the award of Ph.D Degree
ro 15 students who were awarded degree by
the 7d Convocation held on t2/t012O20

Noted

6. lTEM
NO. 19.8

To ratiry the Award ofGold Medals

to BTech. loppers who passed in

2020.

The Senate ratified the awafd ofCold Medals
to B. Tech toppers. The _Chaiman's Cold
(Overall Toppet and Inslitutional Gold
medals (Branch toppers) inr B.Tech
programme we.e awaded by the 7'
Convocaiion held on 12ll0/2020

J. ITEM
NO. 19.9

To rati8 the promotion of Felix
Pougongrhei Gonmei (16104002) of
Electrical Engineedng Depadmenl
to 5n Semester in the August
December,2020 session

The Senate ratified lhe promotion of Felix
Pougongrhei Gonmei (16104002) of Eleclrical
Engineering Depadment !o 50 Semester in the
August December,2020 session on a case |o

Nored

8. lTEM
NO. r9.10

To ratify $e promolion of
Khuplianlal (17103033) of
Computer Science and Engineering
Depadmenl lo 7d semester in the
August Decembcr,2020 session

The Senate rarified the promotion of
Khuplianlal (17103033) of Computer Science

and Engineering Depa,rment to 7"i Semester

in the Augusr December. 2020 session on a



Minutes ofthe 20tl senate
Meeting held on 24'h Febr.uary, 2021 -_

9. tTEl\'1
NO. 19.I I

Miscellaneous:

Prot Rajesh Kumar Bhushan
proposed lhree new couKes in
Mechanical En8;needns for ph.D

cou.se work tbr approvat viz_

i. Code: ME563Advanced
MechanicsofSotids 3-0-0-6

2. Coder ME565Mechanics of
Compos;leMaterials 3-0-0-6

3. Code: ME580Advanced
Mechatronics 3-0-0-6

The Senale approved the Sy abi otlhe above
three electives in Mechanical Engineering
Department both for M.Tech and ph D

Noted

ITEM NO. 20.3: To consider to provide scholarship to new M.Tech/ phD students from
the day offirst class

The 20th Senate approved to provide scholarship/feilowship td new M.Tech/ phD students from
the day oftheir first class lor those students with GATEAET qlalification.

ITEM NO. 20.4: To ratify the Enrolment coding ofdifferent programmes/ depaftments
/ discipline

The 20th Senate meeting ratified the Enrolment coding
programmes/departments/discipline which is appended at Annexure_I.

of different

ITEM NO. 20.5: To consider to approve in fixing the phD ihesis expert honorarium

The 20r Senate meeting approved in fixing the ph.D thesis expert honorariLrm as

L Thesis Correction

2. Thesis Correction

3. Viva Voce Expert

: Rs. 10,000 ( lndian)

: $ 500

: Rs. 5,000 / $ 250

ITEM NO. 20.6t To discuss the deduction and cancellation policy olscats ofthe student

The 20th senate meeting recommended to refund to the students who have cancelled their seats
aftef the final admission in I'r year (B.Tech/M.Sc/M.Tech/ph.D) in NIT Manipur sLrbject ro
approval ofthe Finance committee and BoG meeting which are detailed below. r.he students
have the opportunity to withdraw the admission from NIT Manipur before the last round of
central counselling; however! few candidates still reserved the seats and cancelled it after the last
round. Blocking such seats deprived the deserving candidates from admission to NIT ManiDur

\
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a huge loss of tuition & institutional

Minutes ofthe 2orh Senate
Meeting held on 24'h Februafy, 2021

development fees for the remaining 7and also creatgd

semeslers,

B.Tech M,Tech M.Sc PhD

(Rs.) (Rs.) (Rs.) (R')

t00 Srudenls Activity 1000 400 Students Aclivily 100

& OPD facilities
t200

& oPD facilities
1200 Medical 1000

Caution Money
(Refundable)

5000 Caution Money
(Refundable)

5000 Caution Money

(Refundable)

5000

GLade Card fee 500 Gmde Card fee 500 Crade Card 500 Crade Card fee r000

Smarl lD fee 200 Smart ID fee 200 Smart ID fee 200 Sman lD fee 200

300 Exam Fee 250 300

Degree Certificate 500

Total 8200 7900 t350 9000

ITEM NO. 20.7: To permit B.Tech finalyear students to give their project presentation

after the end semester examination for the present academic session

'fhe 20'i'senate meeting approved in permitting B.Tech final year students to give their pfoject

presentation after the end semester examination for the piesent acade_mic session.

ITEM NO. 20.8: To discuss on yearly contingencies carry over for the PhD student

The 20rh Senate meeting approved that there should not be any contingencies carry over from one

financial yeaf to anothcr for the Ph.D students.

ITEM NO. 20.9: To discuss on excess fees either to refund or for adiustment in the next

semester

The 20'h Senate meeling approved to refund double fee payment made thiough loan due to late

sanction ol loan by the bank. For little excess money credited in the student account, the Senate

difectcd not to relund but to get adjusted in the next semester fee payment.

1^'L ,/\ \
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ITEM NO. 20.10: To discuss on cancellation
admission

Minutes ofthe 20rh Senare
Meeting held on 24rh FebrLrary, 2021

of Mr. lngudam Bidyasagar's (15pCE004)

The 20rh Senate meeting directed that a letter may be served to Mr. Ingudam Bidyasagar
(l5PCE004) as an ultimarum from the Administration side.

ITEM NO.20.ll: To discuss on canceltation of Mr. Ningombam Bikramjit, 18407001,
PhD student

The 20'h Senate meeting approved to cancel the ph.D seat of Mr. Ningombam Bikramjit on rhe
gfound that the student has not repofted to his supervisor and depai.tment lrom 28/0g/2019 till
the date of the above meeting and above all he has not registered sjnce ODD 2020 Semestef
(January).

ITEM NO. 20.12: To discuss the academic calendar for (Aug_ Dec),202L

The 20'h Senate meeting approved the Academic Calendar for (Aug_Dec), 2021 and
with Academic Calendar for B.Tech I'r year students (2nd Seirester) which are

ITEMNO.20.13: To discuss ior th€ provision to phD student getting scholarship lrom
project after his/her project completion

l'he 20rl'senate meeting deriberated to trear on case to case basis on the genuine cfedentiars of
the students (JRF) ICATEA.,tET] and availability ofsupernumerary sears.

ITEM NO.20.14: Discussion on the issuance ofCert'ificates by the Acsdemic Section

Annexure -2 and Anneaure-3.

SOPs along

appended at

The Senate deliberated that the mattef lies with the discretionary power ofthe Dean (Academic
Affairs).

rTEMNO.20.ls: To consider and approve of courses/training under NEp and to
provide remuneration for NIT staffwho are involved in NEp

The. 20tl' 
. 
Senate meeting recommended to provide remunemtion to resource person trom thefunds collected as participation fees. The Senate directed ro.o-" rj *i,h"a"tuit"a 

"ou.r"structure (duration) with respect to the courses/training proposed undei NEp_2020 in the next
Senate meeting.

ITEM NO.20.16: To consider to approve to change the subject name ,,Etectronics and
Electrical Measuremeit and instrumentation Lab. (Electires) to
ElectronicsJ Electrical & Instrument measurement Lab. for ECE
Department'

y-,'L-



- Minutes ofthe 20th Senate
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The 20th Senate meeting approved to change the subject name "Electonics and Electrical
Measurement and instrumentation Lab. (Electives) to Electronics, Electrical & lnstrument
measurement Lab.

l'l'EM NO. 20. 17: To discuss on Civil M. Tech cou rse approval

The 20'h Senate meeting gave the Ex-Post lacto approval for Courses under Major/Electives for
M.Tech programme in Civil Engineering Department which is given below:

To consider to float new elcctiyes for M.Tech programme in Civil
Engineering Department

I I EM NO. 20.18:

'I he 20'h Senate meeting approved in floating ofnew electives for M.Tech programme which are
given below:

CE 5l0: Biological Processes in Environmental Engineering (3-0-0-6)
CE 5l2: Environmental Systems Engineering Laboratory (l-0-4-6)
CE 5l4: Industrial Waste water Pollution Control (3-0-0-6)

The detailed new electives of M.Tech programme in Civil Engineering are appended at
Annexure - 4.

ITEM NO. 20.19: To consider and permit to have more guest faculty lor Mathematics
Department

The 20'r' Senate meeting recommended to fix Rs.1500/- per lecture with a maximum of Rs
20,000 per month and Rs.60, 000/- per semester (as maximum class is 40 lectures per semester)
as rcmuneration lo the Cuest LectLrrer subject to approval olthe Finance Committee and BoG of
the institute. The Senate also recommended to engage Cuest Lecturer based on the work load ol
4 regular taculty members, who are taking B.Tech and M.Sc classes.

ITEM NO.20.20: To seek permission in converting regular to part-time
Oinam Vivek Singh (Enrolment No, 17403003)'

PhD b] Mr.

sl.
No.

Course Title /Code R€m.

ADVANCED FLUID MECHANICS {1,0-2-8)
2. FLUVIAL HYDRAULICS (3-0-0-6)
:. ECOHYDROLOGY & ECOHYDRAULICS (3-0-0-6)

GEOSPATIAL HYDROLOGY & CLIMATE CHANGE (3-0-2-8)
5. CEOINFORI\4ATICS FOR DISASTER MANAGEMENT (CeoDMl {l-0-0-6)
6. GEOMATICS in URBAN ANALYSIS (3-0-0,6)
'7. THERMAL MICROWAVE & TryPERSTECTRAL REMOTE SENSING r3-0-2,8)
8. GROTJNDWA'IER ENCINEERJNG (.1-0-0-6)



- Minutes ofthe 201h Senate
Meeting held on 24tr' Februafy, 202 t

The 20rh Senate meeting approved in permitting Mr. Oinam Vivek Singh (Enrolment No.
17403003) of CSE Department to convert from regular to pad-time ph.D category.

ITEM NO.20.21: To consider in permitting MSc students (Gate & Non cate) to apply
for admission in M. Tech programme in the ECE department

The 20th Senate meeting app.oved in permitting MSc students (Gate & Non Gate), who have
completed M.Sc in relevant fields based on CCMT,

ITEMNO.20.22: To consider in reconstructing M. Tech degree with reyision of
syllabus of ECE Department

The 2Orh Senate meeting approved the proposed revised M.Tech syllabus with degree in
Electronics and Communication Engineering from VLSI which is appended at Annexure-s.

ITEM NO. 20.23: To consider in permitting continuing supervision of phD students for
Dr, Kundan Kumar, Asst. Prof., EE Department from his previous
institute

The 20rh Senate meeting approved in pefmitting continuing supervision of ph.D students ( viz.,
Mr. VVSR Chowdary Kantipudi, Roll. No. t881078 and Ms. Snehatika, Roll No. l98l195) ot
Dr. Kundan Kumar, Asst. Professor, EE Depaftment from his previous institute i.e, Kalinga
Institute of Indust.ial Technology, Deemed to be unive$ity (KIIT DU, Bhubaneswar)

ITEM NO. 20.24r Discussion on update in category

The Senate has no say in this matter. 11 has directed to refer to Social Welfare Department,
Covernment ofManipur.

ITEM NO.20.25: To discoss on cancellation of Mr. Songbiakthang Hangsing,
(1740300,1), PhD student

The 201h Senate meeting approved to cancel/terminate the ph.D seat

Hangsing, (17403004).
of Mr. Songbiakthang

ITEM NO.20.26: Any other ifems with the permission

The meeting ended with vote ofthanks to the Chair.
Atl / t

/\_/_ __,L, \
(Prof. Kh. Manglem Singh)

Registrar (i/c),
Secretary, Senate

Nalional Institute of fechnologl Vanipur

Prof. (Dr.) Goutam Sutradhar
Director,-NlT Manipur

Ex-Offi cio Chairman, Senate
National lnstitute of Technology Manipur

oI the Chair



Enrolment coding is given as: ABCDEFGH
a) First and Second digit (AB)l

b) Third disit (C):

ANNEXURE - 1

Year of registration

Degree Code

.l-B.Tech

. 2- Mtech

. 3- MSc

. 4- PhD

Branch Code

. 0l- Civil Engineering

.02-Chemistry

. 03- Computer Science and Engineering

. 04- Electrical Engineering

. 05- Eleclronics and Communicarion Engineering

. 06- Humanities and Management

. 07- Mechanical Engineering

c) Founh and Fifth tDEl:

. 08- Mathematics

d) six1h, seventh and Eighth(FcH) , i",l';,l"liliiir,n" u"o*,
Example: '21101023'- (21)- Studenr enro ed in 2021,(1)- B.Tech student, (01)_Civil

Engineering and RollNo 023



AN\EXI, RE-2

Academic Calendar August - December 2021
(Classes may be Online /Offline as per Ministry SOPS due to Covid-19)

National Instirute of Technolosv Mani
SN Name Semester (August - December)

I Rcgistmtion of all continuing UC, PC & PhD

stuoents

26 -J0" Jull 2021

) Classes stafted for All continuing students 26" lrly,202l

l Registration of new BTech students As per CSAB/JoSAA

4 Registration of new MTech/MSc students As per CCMT/CCMN

5 Registration of new PhD students 26"' 30"'July 2021

6 Fimt instruction day for Fresh B.Tech students As per CSAB/JoS AA

7 Mid Semester Examinalion (MSE) Theor) 27" - 0l'' October 2021 Monday- F'riday

8 I- Project/Thesis Review of MTech/MSc On or before 24"'September 2021 Friday

9 Lasl day of Instruction 20"' November 2021 Ffiday

l0 l,aboratory End Semester Examination 8" Nov t2" Novenber2021 Monday'Friday

(in between classes will be there)

]I End Semester Examination (ESE) Theory 22"" November- 26" Nov 2021 Monday-

Ffiday

t2 ll - Project/Thesis Review ofMTech/MSc On or before 3'." December 2021 Friday

l3 Last date for showing evaluated ESE answer

scripts to the BTech students

Belore I3"' December 2021, Monday

Last date of submission of grades to Academic

Seclion

l5 ' Decernber 202 | Wednesday
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ANNEXIIRN-3

SOPs for B.Tech l"t Year Students- 2nd Semester 2 020-2021

2.

L

,1. Time Tables

B.lech Semester [I - Group I

Thcre will be no Phvsical Class

session.

Physical Classes and Examination

comPetent authonty

cal darfo

lor 2nd semester, B.Tech March -July 2020-2021 academic

if required any, will be intimidated after the approval by the

March 2021

B.Tcaoemrc calendarlor lnd semester B.l ech students (March ZU2l- Julv 202
S,N. Detail Date

legistration of 2"o semester 22'" 26"'March 2021

2 Starling of Online Classes 22'" March 2021

3 Mid Semester Examination (MSE) Theory l0'" 14"' Ma1,202i

1 Last day ol' instruction 18" June 2021

5 I aborator) End Scmester Exarnination l4'" - 18"' June 2021

6 End Semester Examination (ESE) Theory '2l"June 2'" July 2021

7
Last dale lor showing evaluated ESE ans\,\,er scripts to the

B.Tech Students
l3'" July 2021

8 Last date ofsubmission ofgrades to Academic Section l6'Jul) 202 |

Dry 900-r000 1000-l100 | | 00-1200 r200-
1300

I.2 PM l.{00,1s00 lrs00- 11600-
I 1600 | 1700

M CSIO MAIOI PH 0l L
L
N

C

EE
I' CSIl] MAIOI PH 0l EE

CSI() EEIOI PH 0i cs /PH1ll
T EE]1] CEIOI PH 01. (TuO CS /PHt I I

CE](] EE IOI MA IOl NSS/Spor1. Thtseminar

B.Tech Semestrr Il - Croup II

Dav 900,r000 r000-r r00 1100-1200 1200-
1300

I-2 PM 1400-
1500

1500- 1600,
1600 1700

M MAIOI HSIOI MEI()I L

C

CHlll, Lab, A

T MA 101 EC1OI MEI()I CH11l. Lab. B
CH I(]] ECl01 MEIOI MEII2 NSS/Spon.

l halseminar
-I'

CH IO] ECr0l MEIOI
(Tul)

MElll /MEu2

cH l0l MAIO] HSlOI MEIII/MEIL2
Any Notice change in time table by the concern faculty may be brought to lhe office ofDean AA.



ANNEXUR- 3

Code Subject name

CSIOI Introduction 10 Compuring
MA IOI EngineedngMalhemdics I

EE IO Basic Eleclf ical Engineering
CEI(] En!ironmenralStudies
PHlO Engineering Physics I

EEI I Basic Elecrrical Engineering Lab
CS] I Introduction to Computing Lab
PH 11 Engineering Physics I Lab
SAIO NSSNCC,l\SOI

5. Examination and Mark Distribution:
(i.) Theory Paper:(a) Unit Test:20 marks (b) Mid Term: l0 (studenrs conduct) + t0 (Viva) +

l0 (Exam) = 30 marks (c) End termi l0 Marks (Conduct) + 20 (Theory) + 20 (Viva).
Average ofbest two unittest will be considered.

(ii.) Practical Paper:10 (Record + Anendance) + 20 (Exam) + 20 (Viva)
6, All examination will be conducted online.

sd/-
Dr.P. Albino Kumar

Dean (Academic & Affairc)

SN Code Subjecr name

I MA IOI Engine€ring Mathemarics 1

z CHI()I Engineering Chemistry
3 HSl0t Conmunicalion Skills

ECt0r Basic Electronics Engineef ins
MElO I Engineering M€chanics
cH t EnSinee ng Chemistry Lab

7 MEI] ]

8 MEI I2 Engineering Drawing
9 SA]()] NSSNCCn\SOI



ANNEXURE.4

CE 510: Biological Processes ir Environmental Engineering (3-0-0-6)

Microbiological concepts: cells, classification and characteristics of living organisms,
reproduction, metabolism - basic metabolic models, microbial growth kinetics; Chemistry of
carbohydrates, proteins, fats and lipids; Theory and design ofbiological unit operationst aerobic
suspended growth systems activated sludge processes and its modifications, ponds and
lagoons; aerobic attached growth systems; anaerobic suspended and attached systems; Biological
nutrien! removal; Sequential Batch Reacfors; Theory and design olsludge treatnent; Wastewater
disposal systems.

Text Books:

l. Pelczar, M. J. (Jr), Chan, E C S and Kfief, N. R., Microbiology, 5 rh Ed.. Mccmw-Hill,
1996.

2. Metcalfand Eddy Inc, Wastewater Engineering: Treatment and Reuse, TMH publication,
4lh tdirion.200l.

3. Henze. M., Harremoes, P., Jansen, J. C. and Arvin, 8., W,astewater Treatment: Biologjcal
and Chemical Processes, 3 rd Ed., Springer Verlag, 2002.

Reference Books:

Heritage, J., Evans, E. C. V. and Killington, R. A., lntroductory Microbiology,
Cambridge Univ. Press, t996.
Benefield, L. D. and Randall, C. W., Biological Principles in Wastewater Treatment,

L

PrenticeHall, I980.
3. Grady, C. P. L., Daigger, C. T. and Lim, H. C., Biological Wastewater Treatment, Marcel

Dekker, Inc., New York, 2 nd Edition, 1999.
4. Arceivala, S. J., Wastewater Treatment lor Pollution Control, Tata Mccraw Hill, 1999.

( L 5l2: Ln\ironmental Systems Engineering Laboratory (l-0-4-61

Detailed laborator5 ererrise5 related with phlsico-chemical dnd biological processe. in
Environmental Engineering: Sedimentation, Jar Test, Filtration, Chlorination, Adsorytion and
Ion Exchange (Batch and Column), Gas Transfer, Reaction Kinetics; Activated Sludge, Batch
Anaerobic Reactor etc.

Texts/Relerences:

L Clesceri, L. S., creenberg, A. E. and Earon, A. D. (Eds), Standard Methods for the
Examination of Water and Wastewater, Washington, D.C., 1998, 2! th Ed.

2. Metcalfand Eddy Inc, Wastewater Engineering: Treatment and Reuse, TMH publication,
4 th Edition,2003.



ANNEXI]RE-4

3. Droste, R. L., Theory and Practice of Water and Wastewater Treatment, John Wiley &
Sons, 1996.

4. Benefield, L. D., Judkirs, J. F. and Weand, B. L., Process Chemistry for Water and
Wastewater Treatment, Prentice Hall, 1982.

5. Drum, D. A., Bauman, S. L. and Shugar, C. J., Environmental Field Testing and Analysis
Ready Reference Handbook, Mccraw Hi11,2000.

CE 514:Industrial Wastewater Pollution Control (3-0-0-6)

lndustrial wastewater versus municipal wastewater; Effects of industrial wastewater on rccelving
water bodies and municipal wastewater treatment plan! Bioassay tesq Sampling techniques;
Stream protection measures; Volume reduction, strength reduction, Neutralization, Equalization,
Proportioningj Combined treatment of raw industrial wastewater with domestic sewage; Zero
discharge concepts; Removal of specific pollutants in industrial effluents, e.g. oil & grease,
phenol, cyanide, toxic organics, heavy metals; Characteristics and treatment ofvarious industrial
e flluents.

Text Books:

L Nemerow, N. L and Dasgupta, A., Industrial and Hazardous Waste Tfeatment, Van
Nostarnd Reinhold (New York), 1988.

2. Eckenfelder, W. W., lndustrial Water Pollution Conrrol, McC|aw-Hill, 2000.
3. Metcalfand Eddy Inc, Wastewater Engineering: Treatment and Reuse, TMH publication,

4 rh tdition,2003.

Reference Booksl

1. Nemerow, N. L., Zero Pollution for lndustry: Waste Minimization through Industrial
Complexes, John Wiley & Sons, 1995.

2. Clesceri, L. S., Creenberg, A. E. and Eaton, A. D., Standard Methods lor the
Examination of Water and Wastewater, Washington, D.C., 20,th Ed., 1998.



ANNEXURE -5

Dep l'lzner.t oJf Electronic* $ Conanwnica,tiorc
Ilngineering

wn*q fftffiI w€rr<,qFrg<
NA'IIONAL INSTITUTE OF 'I'EClTNOLOGY MANIPUR

LanSo, lmpha 195 004, Pn. (0185)2445812, *6ail: hodcef,riihapiour.ac.in
(An Altonomols Inst lur€ under MHRD, Covt. ol India)

Cou.se Code Course Titl€

Embedd€d Syst.ms D.
\lodcrn Wircless Contmunica

I .sig;ai Prmsine Ats;iri,m; -

PiOfJOSED SYL!AAUS FOR M.']'ECH. IN FI-ECTRON]CS AND COMMI]NICATION FNCINEERINC
sa N,r Es-t E R .l

L. T C

l
l

0
0

_.!-
0

l 0

3 0 0

] 0 0
o 1.0... ll

3l

. Ec 501 -----l''a1o8;nd ftiisrtirias rc i.riilln

SgM:S'I'ER.II

EC JO6

EC 5xx

SEMESTER III

SEMESTgR.,IV

miconductor IC rccino
Advanc.d Dit!61 Co.nmrrlcarlon
Advance M iclowiv. ljnqlnecrine

1
\

v)

i
i.;. i

?ouse couil -course rirtc
rrojeccl

\-



Engineering ,
- :r*te ft er'llrr-dr *irqrr<-qFrg<

NATIONAL Ih*S.f ITU].E OF TE(]IINOLOCY MANIPUR
Larrgo, lnrphal 79t !04, Ph {0185)24458 12, c-maili hodec.Onilminilu ac i4

{Arr Auononlous lrslitul€ under MtlRD, Covl. oflndia)

la-
fh7n rtueul qf' Ele<f ro nics $' ('on m tt u icalion

Studems should selecr subiecc cilhet i.on Elelrilc A or B

,tc 5l?
ec 539

Digirdl lC Deslgn

MIIMS and V iroslsrem T(hnol.g/
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filters.

;_.r t . na" 
",ir,neo,...ekorDs;.o-,ep.,515 I Per{onn Pipeliri g and p&atle pfoce$ n8 in r R s}nems ra achi.ve high speed and

5iJ.ll Perform €t'minB, urroldine and foldi's in FIR ard jtR
535.4 4 Understand rystolic architecture design tor flR filrefs
i15.4, Leaai ard lndemtand rhe differcnr techniques ofpowe,

exampl€s. i.lgorirh s for computing lcnion bouid; pipetjning and para|l€t proc€ssing:
Defin rio'rs, Pipclininq arid p.allel processing oI r.-1R fitreff, pipetjnin8 a.d pantel
p.ocesslng lo, low !ow0rr Retining: Defnliiors and plt,psli!s, Sotvi.g sysrrm sf
lnequ!llries, Reiiming r€(ihniques; Unioidiig: Defini(ion. An atBoiilh aor !ntoldti8,
Applicat'ons of unibldi,,g; Folding: Defnirion, jiolding ransformariofs, Regtsr*
,ninimizalion !echnlq!es, fiegisrer mi.irnizari!n in fotded archjrecti,nst Systotic Aichirc;rure
Design: lnooduction, Syiolic asay destg nerhodotogy, FtR synolic ar.ays, Seteolion of
rchcduling vecrof, Matrix Makix mutriplicarton and 2D sy$o|. anay dcsigni COROIC
t'ded lnpl.lnentations: A,chirecrurc, lmptc$c.rarioi ofFlR fitte. and FF-t algo.;rhr; Bir"
LevelanlhneticarchitecturesrParalleln)ukipllos,Bir.seriatmultipliels,3ir-Sefia fttt ilr.r
dcrigf and In!lemenIatiooi Redufdanr arithNetic: Rcdundanr numb!r rcpresenralior, C|rry"
lrce radir-2 addilion and sLlbhction, radix.2 hybdd fedrndanr nrultiplicarion srchjtcciurcs;
Low-porve. d€sign: Theo,etical background, Scating vc6us power consrmprion, towef
analysis, PoBer rcd!crlon lccbniqucs. Poe.resliralior approache5.

I U. MeyerBaesc, DSP wjth F?CA, Spriiger,2004.
2. K. K. Parhi, VLSI DSP Synems, Wil.y, 2001.
L R.C. LyoDs, Undersri.ding Dig;ral Signat Processiig, pearson Educalion,2004.
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tc5i6.2 Modelrhe digilal sysrem buitding b:ocks u\ ng lhe Dr, L,an8uage
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LUT's, LUI- Mapphg, 1L.U atrd CLB\. RcriDirs, Flne-grain€d & Coarsc-g.sincn
skoclurcs; Mtk'contexlr Comparison oidiilereir.rchnecr!rcs viz. PDSPs, RA{.lJ, VL"lW,
vect$ Processoir. llenror cs, Atrays tor lasr coDpuralioos, CPLDS, F-PCA5, Mutticonrexr,
lanj!l Reconfrgulab:e Derices: TSI-PCA, DPCA, Matrix: Eesr su;rable apomach for RD;
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Case nldy. Conlfol Logic, 3ifdinB'll nc a,rd ProSramnring Slyles, Ovc,heads, Data Dc'rsily,
Data aW, Funcrion densiry, l'lndion d veDlr), hter.onnecl m€lhodt B.sr suirabte mcthods
lbr RD; Con|cxrs. Conrexr swirching;  rea calcul.rions for Pe; LfYicieocy, lSP, ftol
Re.o.figlratioii Casc stuly Architschrcs lor exlsring mulii FPCA sysre'rs, Compllation
T€c\'ques for napping applicatiois describ€d ln a nDL to reco.figur.ble hardware. Sludy
u_rt6te ,cconfiguab c co,nDur,ng .vte-rs 'o den..t! e\jn,nts s)s,rm 

'i,rar:on5 
and ro

Irgn-ljgtv-oppotunities lor .esoalchr SoRwarc challcng€s in Sy!!.m on chipj teslability
challengesr C6e nudies. Nlodcllin8 . 'l.nporal po(ioning algorirhnls, Onlhc i.mporal
ptac€mert, Devic€ space n,anagenr..t. l);ecr co'nnurjcarion,'fhlrd paq cl)nhrnlcalio.,
Bus basen communitarioi. Ckr swirch,ng, NcrBork on chip, Drfanic rcrwork on !hip,
I'anial r..onfr tu6ble desi!.n.

\\

l-; tl'' -r'-t''"---



2ap ttt' t ;rt rx I ql' liletllorr'ir* lt' {'a :n tttt: tti rt liet n

ll;tlJinces'ing'
"<r!ilu fi<ntrra!'r'iriaetrq'qFtq<

*^, rntoun.it u tE ol LF( llNol ocy 14Al'I't l
" rl ^.;; j' :"1 ;,'i ;"' ;;"*,'"i il :1, H#,1il1** ;'

_\-

:

.-

- ; :. ;::l ;' :i::.'.:;r I :;l: :1:t:;,iil'J "i'.;,11.'::::;; Jlili;l;iil"' i:l:,:;::,;';:';]';;""'r'; ";''''i '"' "'"' o""l' "

TUOo ,.F., aorF,.l.nq :D.iFgr' "'b 'rl 
n'

4 Vayr (.i'hrlc, ParL UhnnJm r"" '-

,_. :1.1.. :.,. ...;.".j .,..i'.:;, 
,,,.,.,- .....,... , Lffo.

' ' 
-'"'"' t lnrq" lllir' l' nr r' rl

l';'. - : ,' :":. - ' ' s' rrb' 'ar '"

,,1 " , .. ., ..' 
:, ''., , f.ll' " ii l:,:: ,ll : l:''' l

. ,.;i, ;-1,',': .': .,

i"ll}"i"fiI;: -,'t"" r'srourr' Dalid frdii( logicar Eflbn: Dc;enL€ Fair cMos

i'*' ;,:,1 i;';*;i:::',;'iii:li::il i;ii ):ilii:lii ;;;fii'il'iliilllli
1985 , .-.--,. \,r {r i$1rt,s. Add,$i\'esle!. 1979 .^-

i' );-.. , 1 ''.. .,,' .. . , '|:"Ye 
a' 

-'r1r]l"d: ;-;
, Il,:1i",.,, , . , .",. .. .,r.qvo.,u ,a"r..-,","

i.1ii, .,..,.. ..:.:: . .

l":-',, , ,.' t-' .1." :,i:r;1:!'d::'i"

{'.3i.i'i, "' '::-
", ,uts,r.: q ..\ : ll l.;:.::, l."i$.:ir s.i ,.., \,,i\ \,\...:,"1' 1,:i. :..,,.j, lli;:::"" . 

'^) ,',::. :,1:\j'1 
.. 1 

. , ,.,

ll.l'.,''' .,' r'.:';: :'r'.' l''. . r, I,
:,. '.' .' :i''.r".' . . .' . 

,

.':r''.'l)'i ' -,1, :,..' :

.: ,r',',.: ,.:- 1," ;jl^'itii.) '' . .'. l',1':
.; "' .:',-, li',.;.::.t: :,,.. ..,1'..,i" 

,,1 ::,



*:

*:

"-:
*" .:

.:

-.

I)eptrlm er rt of Elec troniar $ Comnutnicnliot t
Engineering

-q5:nq 9:Fnfi{n {ire-n:r,r{Frg-{
NA'l lON-AL INSTfIUTE OF TECHNOLOCy ll^NrpUR

Lrngol. rrnph3l 795 004. Ph {0165)2141E t2, €,ma L.-hod{caanitmajrjpu..dc D
(An Au(onomous lnsrrrure !ider Nlr tRt). Covr. ofl.dial

Resislive Random e,:ccs vem-iies lvii,rvst, e,p"it'ei,1ll Me,'o,yb;,i;,. rv"*o./ '

Ilyb.ids (2D & lD), Menory Sraoks, Menlory'feiriig aod Rc iabjtiry tssues, \4cmory Cards
High 0.nsily Vemory Pa.k gi.g, f]rtr,c tirccrions, t.l|ra.r!1ron lo digirat (!btct lC, LCD,
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2. Field ProerammEbls Cate Arfay 'lechno'ogy Srephen M.liinberger, Springcr
lnlemationalgdi!ion.

3. Digilal Sysr€ns Design . Charles Il Roth Jr, Lizy Kurian John, Cengage L,eat.ing.
4. rield Programmable Cate Arays - lohn V. Oldfiold, Rich;rd C. Dori witey tndii
5. Digilal Dcslgn Usin! liie d P.ogaonrable Oare Airayr , |al K. Chdn/Srniha

Voirad, PerAor t oq P(;ce ad rod
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fixed channelassigrnrenr, non' lixed chrnnel a$jgnm ert, rafflc & channel asigi henl. Why L

handoti rypes !f handofI and thei. chdtartcfisrics. droppcd call tutes & rhcirevalua! on. i

\4odulatior melhods and coding for crror dcre0rion and co(ecrio.r lntroducrion lo
Digiial nodulation rechniques, nrodulaLior methods incelhla.wjrelesssystens,OfDV..
Blockcoding,convolurioncodiigand'l!rbocoding Muhiple access techniqles: fDMA,
TDlvlA. CDMATT me-divlron mu:.itlc acc!s! (!l)NlA), cotle divkion nliltitle accesi
{CllMA), CDMA cap&iry probab;'it} ofbit er.o. conjideratiois, CDMA comta:ed wnh .

TDMA Second genelllion, ,llgital, wirelcss sy'lcot, CS\,,lS 136(D'AMPS),lS'95, mollle I

nranagement, voice signal p,ocesei.3 ai{i codiig.

TexilRcf€.etrc.s:
l. Mobile Celluhr Tclecommdnicalionsi2nd ed.j Willisrn, C Y Lee McClaw Hlll
2. Mobil! lvlrciess commlnlcarionst Nlischa Schwanz, Camb,idgc Unilersity pr€ss,

uK.2005

EC 554
EC5J4.l: Undcrshnd and eqlain Dara Comnrnjcarions Syslcm und its c!inponents.
8C554.2:8e taorili.r wllh llts archirccrurc ol a numbcr oldiffercnt l€r*orls
t.5t4.-, Under{anC r}e pr.-c,ptca or pro. ro a)cring.

3 N4obilc Commu.icalion lland Book; ?nd
1. Wi.eless communication principles and

Pearson Ed!caiion

Pack:r swirchirS, and ATM ccll sqirchjng, Prorocols. 1S0,
classifrcation ofn€llorlr - LAN. MAN, WAN. ISDN

5. rc pileEt9tltstfied-i.!311,et9l rlirrcr M9:9F:,|.!!! p!-q

Ed.i IEEE qress

pracric€, 2nd Ed, Theodore S Rappaton.

Nel*orkLng obJeclives,

Techniques and rlcoiies of CSMA/CD B!s, tokfl Ring, Token p!$''ng bus- rhrouBhpul
ariBlysis, Modeiing(Sralljng Mod€ls, iEEE Modetelc ).

Irrlroduclion to si€less nrtworks, CSM. TDMA & CDMA.d€s;gn and analytr, pCS

concepts, Nerwork op€€li,)n and ma ntenance, NerworkDelay analysis, Rauting, flc',
Cu'r,uL. ConBe{iol Conr,!

I Sehrruz A. Forouzai, '1flP/rP I,,olNol Suii , l-Mll, 2000
2. Way.c Tomasi, "lnlrodrctron ro Dar! crmnn,nicallons and Nc(working", Pcarson Fd
2007
:l Tli.ibalm A. S. ClDpurer Nerwarkg,3rd Ed., PHl. 1999
4. Black tJ, Conpnt* Netwo'ks-ProtocoLs, Srandards and Intcriaceg. I'lll. l9t6

l
,

\. Slill.ng. lt, Ddld and Lontrr.r( or1r'L-.-ariurA .6h td.. Plll, 200/
.6 SrallingsW.. SNMP-SN\4Pvz,SNMPvi.I{MON|&2",lrdEd.,AddisoiWcsley, l9qq

? , aulJ 'jlnppell .l .rJ l1r.o!l.r . onfisDrarion . <h'ned'd

556 2 Understard hoB xrol')g and drgilrl tcchnologies are us€d for saleliit€ commuiicalion

,,-j.

56.1 unlersrandrhe d6Lsr of Eanh !.1g!9t'.ri!_lFctilgqllilasllile.:l
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srick diagrams, Layout design tooh; Lryolt sy,rthesis, layour analysis. CrvlOS gare del?ys,
ransmission time, speed power prcduct, low po\rer gates; Delay by RC trees, cfoss lalk. RLC
delay, cell bas.d layoul, Logic & !nrcrco'rnecl d.tigi, delay nlodeliig. wire tj2;n8; I'owe.
oprimizalion, Switch loSic rcrwo'ks. Pipeliding, Data p?tHs. Adde^, ALUs, 14ultiPliers,
High dcisiry nemorie! Mct.stsbihy, Mllritnase cloctingi Power opl:nriztlion, Design
valid6lion, Scqucnrial tlsrins Architeclure for lo* pou* Floor planning metbods, global
routins, switch box rouring, cbck disrributioor off chip connections, pacbges, Iro
atchhecturcs, pad d€sign. Completc chip design including architecrure, logic .nd layoul for
Kilchen rirner ch;D OI.t Micr.qave oven chip.

s)ersn rr-( ni,r lSoCl
nC560 l: Deeign, opiinrize, ard pro8ram a modern Syslem-on'a'Chip.
!C560.2r lnplenrcnt both hardware aod sofiqa.e solutions, iomulste arrdwafdsoRware
iradeoffs, and perform ha.dwa!e/software codesign.
ECJ60.l: Analyze hardware'so,tware tadcoft\, algorithns, and dchilectures Iooptim,zt
rhe eysr€m based on rcquirem€n$ a.d lsplementalion conslraintf.
EC560.4: Apprecia(e issues in sysicm-on'a"chip des:gn sssocialed wilh co-design, srch as

. rcuse, rdi *.r;,ic21:or
rc r;h"or6:;;;i;, aM6s Tect notosy o"d;*, P;'r;i;;fiinon, ir.i-ar.hi;^l
design, D€sigrl Abstrsctio., EDA tools. lllOSt'ET model, pamritics, latch trp, advanced

t€nsisro: nructurcsi Wi€ paasiticsi Deslg,r rul€s, Sca:rbbdes;8n rules, process parameiers;

SDR concepts & history. Ueieilrsol SDR. SDR Forurn,ldealSDRrarofii|e$ure, SDR Bascd

Ef3-ro-End Comnunication worldside riequency ban<l plos,7im and r.qukemcnls ofLhe
SCA, Archirecture Ovcrvie!. Functional vkw, Nelwo.line Ovcrview, Cote Frame*ork,
Iteal Ti,re OpercLinS Systems, Comnron objecl Rc<tlcn lJloket Archircctue {CORBA),
SCA dnd JTRS compliabce, R.dio 

''reitLrcnct 
desi8n,.Baseland Signal PrcccssinS, Radios

aith inrcllige.ce, Smad anrerlnas, Adaprive rechniques, Phased anay antenna!, APply,ng
SDR prirclptes ls !nicnna systerns, Srtart tnLenna archirectues, Low Cost SOR Plattbrm,
Requiremenrs and sysrenr rchitccxnc, (lorvefgence betqcen milita'y and conmercirl
syslems. The Future [or Soiware De,]ied lladn)

-!r.t.h! j J6 Ld To nssinilate $e n r!t!r:::iC{N-9!:r"!,L

l. Dillinger, Mod.$i, Alonisrioti (Eds.). Softqare Oefincd Radio, A.chilectLrres. Syslems afd
]'!fctions, wiley 2001
7. Reed Softqare Radio. l'Fr_son, I rt?
L Softw.re Defincd Radio for ]C,2002, by Prt]lAurns
4:lafazolti(Ed.): Technologirs f{r the wnelcss Fulure, Willy 2005.
5 Bard, Kovarik: Sonwarc Deflncd Radio, The Softwarc Commlnications Archrteclule,
wiley, 2001

!|.rin!!. l) l.r:: n|] ! tr.(iri' -5-:i :i;;-n knfircise ;iii.iiiilisriiii"e "i.icro*i'e,"+irs.*i "a'
562.2: Be rble lo appll inalyris Derhods ro dcrenninc circult prcpedies of pass lvc/acLivc

mlero*aue ae'iices :-
' l:.:r, J6l. l: Koow now lo nr;del lnd.derentri.e fic pqtoma.cc chtdcrcrisric5 of a m icroYlve

, I . Wayne Woli "Modear V LS i Design", lealson lldlcatior1, | 998.

:.?. Ka'.a!an khragh an, ltincitlc-r ofCMOS Vl-sl Dcsistr , Pea,son tducation,2007

I 3. Rabcy, Chandr.kasan, Digital lC DesiSn'. Predsoi Publicatibn. 2009.
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link design, impcda'lcc

aaves, E'ecric ana ,na8.clic *r\e equalio s,Povntinq theorcm, Uniform plane wales

and,lflection, I'lane wate propagation in EC tfit. nli k!i:l.s! iJ,rlc*i{. fl.l.e }xt!
propagaLion jn lossy media, Plare *a!e pr.lu}ii.'r i. mlliili. lib: *riri.{ ll}ri'l
substrate,Transmi$ion linc eq ations ard mld!it,1J, R.J1.,i'1. .o!1ll!,rrt $l
tmnsmission coeilicleir. Strtding wave an,l r:rftJ:i! t.tt rxtir. .rn! i.|.ir.r i..l
,.!ii{irc!, trdiri .1,, f.li.rctlit. rfrtt!!1ti.s ir!l c..u,l.nri. ltcciir:rriri
n;ir.;rlaJr, \l .:ini,r( \ )!:ii. )ri..1l.i:,1 :.!ti.fi, tir.iLln ':r rra lqlrtr\'
\ll!.,!si\. ||rlirlas.r.i irr..lJ 1]r.. ai,tr\r]\! r,ri.'1if i1.!rriir. 1t:.rrrir.:; l

,f0rilir.i, \ij,-r,".,r'u lrfr,'rr ,j;,.les. !:,.t i!,ir. lirl.l:iii'!l Lfr,!l(i.ii .rrLrr(liiili.lil

l.5$!.r\'l-,i. Mlcrowrvc Deli.es.hd Ctr.uils l hi'd edit,on,Plll

2. tl ltn!.I: \|rrr. M croqaleseto conductor dcvice!', Plll2001
r.tr,. -i, :../, Vrcrou r^tr..ee'.-J \L c)

1. I .. .., ' .-i '..cdtoeecforr-cncri"vrcror'lcd
561.2:  pply rhe principles olelect'oslatics (o the soluli,)ns olproblen$ rel3rjtrg to clccr'ic

field i.d cl.onic polc.ljal, bolndary cond; ons and elecrlic ?neBv densit)

:Li.lj: .\t!r:) tlt !in.lr:.r iar:13'r.l'- sri!i* 1r +ir !.rrjiN'1s.r f,trirb, tciilrn!: ri'

:ir!iri! ilckl.$d r!rgn(!i{ lur.llrrJ. !!!i lr1$rra,anj .,ii rt 3er.{r( ..!c.l:

ftn.Jr I 563.4: Understand the concepts MaxweLl: eqlatLons to soluLions ofprobl.ms rclaling lo

' $^c',lslinG *rrL 'n o\'r mrr'_
I ;ii.:].'i :f *i:.r.r t2onnr\\ion lirc ccnc.pls, uavcg!ide .lnccpts. r€s!Jnn(, concepts,
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l R. r' ll?n,trgro1r."Ti'N llaf.nri. Llcctro,nasi.rrci.Mc(i,aq flill. l96l
: rtF Haringroi. Fieid cotrlPumrior by MoDe,N Mell,ods. Nclt'York M..M llan,

t968.
i. !.C Jorda. & K.C Balnraiil, lijeclfohasnctic'vvalcs dnd Radiatirg Svstenrs ,2rd

iidilion, Preiticc Hall Indla, P!4. LLd , Ncw Delht.
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,ldr{r6 1,firk.,!,rr'i':.,r'ri. 1.l i:,r. !.r,.lr,i. Iiiiri llli iiil{r.r!.lfr'r
iniuriiii\, ,lLr rdrrr,,N lr'i. lr:1r.. rr.r':t.'..1.1!i..firn:!'.iri;trfr,ilrlnirllr'']
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Mic.owave Ampliner Design: Tvo_Po4 Powe! Cains' Anplifi.l Stabilitv Low Noise

Amplifief Design,Bfoxdband Aflpllfier DsslSn Mic.oeave Oscillatots: O'€ Pon neSal've

,esi;1.snce oscillalo.s, Two Pod n€galive reshlanceoscillalors otcillalor conflgunliont

I Lwped Eleme.ts for tt! and Microwave Ci.cuits I i Bahl 
"{4ech 

Hous€

2 Microwav€ Tlanlistor Amplifier: Analysis and Design, Conzalez C Prenlice Hall l9E4

-]. Microwave Semicondrclo; circljl Design, taeis w Alan' van Nottnnd R€inho ld' 1984'

1. Micrcwave C;rclit Analysis aid AmPlifier Design, Ssmuel Y. Liaq-Prcnri'c tlall 1987

EC 565 Anre;n. ior Modile 
^ppl 

.Jrio,
:o>-, To .rpan lr"*teoae ab, ur te fur'dan(r'ra conceplr af

arlenia engLnee ng.

565 2: To nlrcduce lle bati! p'iiciPlc tslevanr ro wired anlendas atd plaoar snrennd

.565.:l:Toeiableth.srrdcrritoundersraDdrhcfacroRrelar€dlqicquencv,radiarion

g.in, Direclivity, Poser gain, aeam w idlh, Band widtn Oain and rad ialion fesisrance o l
;!rcnr clemlnr. llalf-wave dipoLe d iolded diPole. Reciprociry pri'0ipl€' EfTective lenglh

Cours. pancrn and inlerrerence
Oln@me 56t.r Unoernano.q hePr.crr(drcrre. es ror turJL'!In brre snolicatiol

Rad.arion freros orLrrc aire"nas: tbncepr ol '.Ll0r polenL3 Modrficarron for r'-c
varr lts rck-ded case F;er'l' associateo *rhHeruian orpole Rad dlion resistonce "l
elemc;.ry dipole witl lincar co.rcol disr.:bulion ladiation irom half-*ave dipo:e and

; ;+",t*-**.monopolc 
Ujeotcnpacirvhatandloadingcoilforshodailennas'

Ientennr FL,ndame;rals rnd Adtennn Arravsr Definirions: Rsdiltion inlensity Dtltiver

and Effeciiv€ area. Relation bel*een gsi. erectiv! l€nAth and radialion resistatce

L.op Anrenrls: Radialion fr.)m snral loop and ils ndlaiion t€shtan!' Antenna Araysl

€xp;€ssion for electric ileld ftom two and lhree clenenl af.avs U ni lotnr lin'a' atray

M;rhod ofpalt€ln m!lliplicaLjon Binomiala.iav Use ofmeihod ofinagcs for atlennas

-flaveling wa!e twid.bnnd) afrcnnas: ttidralior Lo n a r.aveling Mvc on n {ire Analvs s

aid dcsign oiRho,nbic a,ncin$ Couplcd Antennas:Selfand mutual impedance ol

a"r""nas. f*. and Thtee clern.il Y.gi a.lennas. l.og pcdodic dnlcnno Apcnure And
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