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Dr.KC SHARMA, SSO-1
Faculg% of App Maths.

3

RY OF DEFENCE (R & D)
2 OF ARMAMENT TECHNOLOGY

DO No 4119/AM b i3 AR 7%

Respected Sir,

I refer to your communication
dated 9 Apr 74 addressed to
Prof.PC RATH.

The Institute can pay to you
the first class journey fare and
the normal daily allowance rates
admissible to you.

A We are looking forward for
your acceptance of the offer and
dates regarding the journey.

With regards.

Dr B.S.MADHAVA RAO
D.S¢c.,F.N.A,F.A.Sc.

No 4 Kankanhalli R4,
BANGALORE 560004 °




Telephone : 55394/6 GOVERNMENT OF INDIA

Telegrams : ARMINST(E) MINISTRY OF DEFENCE
DEFENCE RESEARCH & DEVELOPMENT ORGANISATION
INSTITUTE OF ARMAMENT TECHNOLOGY
GIRINAGAR, POONA-25.

No 4119/aM Dated 1% mMmay 74

To

Prof. B.S.Madhawa Rao
No 4 Kankanhalli Road
Basavangudi P.O.
BANGALORE=1

NONLINEAR BALLISTIC SEMINAR, JUNE 1974

Dear Sir,

We request you to preside over Technical
Session (Stability and vibration of missiles)
on 22 June, at 1215 hrs. Kindly confirm and
acknowledge. ' :

Yours faithfully,







Teleohone - 447°05C/253
Dr. KC SHA"MA Telsgrams - /FMINST(E)

Senior Scientific Cfficer I GOVERNMENT OF INDIA

Head Tept. of Ballistics MINISTRY OF DIFENCH
DEFINCE RS AND DEV O=GN
INSTITUTE OF ARMAMINT TECENOLOGY
GININAGER, PUNE-411 5.

) %/‘1’”1»«'
Dated =~ ¢ 2ot 78

Sub - POST GRADUATE DIPLOMA COURSE IN BALLISTICS

sir,

This Institute intends to introduce a One year course in
Ballistics. The contents of the course are planned to cover aprlied

and theoretical aspects in depth.

2. The Institute has a fully equipped ballistic Tnstrumentation
Taboratory, lLibrary and the qualified staff to undertake this
commitment. Where necessary, the Tnstitute will seek the
co-operation of other laboratories/establishments to assist

or advice in teaching/vractical work/dissertation topics.

3 Digssertations wouléd be assicned on new topics of practical

and theoretical interests,

4, To obtain recognition for the course, it is proposed to
annroach the Universitv of Poona for award of MPhil {(Ballistics)

or a post graduate diploma gualification.

Ss I request you to kindly forward your opinion on its scope of
utility, contents of syllabus and the additions/deletions that you
would like to suggest to improve the syllabus and other aspects

of the course,

With regards.
Ll
W}‘ﬂ o
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A Introducing a Post
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oxkrzkﬁwf Graduate Diploma Course
% ot in Ballistics”.
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15, The Tnstitute mav ap ro:ich the University of Poona
for recognising the course for a post graduate diploma
equivalent to “.Phil. degree. The examination may be
conducted by IAT ard or Poona University. The research

students joining the course, may be awarded M.Phil.
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Section IIX

INSTRUCTTONAL COMMITMENTS

1. Tescring subjects with practicals will heve 5 periods of

one hour duration each, per week.

For the preperation of seninar subjects, tutorials and
literature survey the library contact pericds will be

aout 5 per week.

Dissertation will be ecuivalent +o three teaching subjects.

-

Outsice visit will be of two wecks duration.
Thore will be two days visits to jocal establishments.

Private study will be 2 periods per week.

SUMMARY

I Term
(20 weeks)

Tetails
Three Pre-requisite subjects (first three wecks)

1. Thermochemistry of prope’lznts.
2. Stability theory

"3. Nonlinear mechanics

4, Electronics for ingtrumentation.
5, Statistics anc probaility theory.
6; Numerical analysis.

7. Hydrodynamic principles.

8. Computer proaramminge.

9. Calculus of variations.

Any three of the above subjects will be allotted to
a ca~dicdate by the officer in charge of the course. The
choice will rest on the criterion “Malke up the deficiercy”
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of the background knowledge necessary for the course.
There will be no assessment erRamination in these
subjects.
Teaching subjects {(four subjects)

1. Internal ballistics
2. Free:flight dvnamics I
3. Experimental technirues and instrumentation.

4. Detonics and terminal effects.

This, term will be followed by a break of 4 wecks.

II Term .
(20 weeks)

Teaching subjects

Free flight dynamics II

* Dissertation

Seminars (two by each student)

Visits

-
* Each guiding teacher will have a maxium of three
students. '
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Section IIT

' ALCOURSE cOF, oSTULERS -AND DATATILED

33 Pre~:ecuisite subjecté;
(a) Thermochemistry of prepellsnts

Free eFQEgy‘and'equilibfuim ¢ondition, combustion
processes, burning of propellants, theoretical
performznce evaluation of prapellant syatens, splid,
ligirid .ard hybrid propa]’w"ts, '

Stabilitv theorv

Lesnonse ch ract rlstlc ok llnear sycten,, Nyquist
criterion, Routh—Hurtw1z cri ferla (includine in
complex plcne) stabllwtv of svvtems havwng ooriodl"a‘ly

varying pvrameters, second method of Liapunov.

Nonlinear mecharics.

Phase plaﬁe atﬂlys_v,’limit cveles, pendi:lum

eqi: t1on, Vanderpool and ‘Ienard ecustions.:

Efeétronics;forZinstrumantation./

Amplifiars, oscillztors including: mult?—v1brators,

‘TEisger circuits, elec actronic counters.

Statistic a=d probability theory

andom exp:riments, oreration on event, probabilitw,
testing of hypothesis, random variawles, measure
of-ce tral tendencies anrd dispersion, math“ﬂatlcal
expactation, regression, probability t hﬂhr*
probability distributions.

{f) NUm‘r*mal g081yvis e Vo i ey

Divis ed ﬂrd ce- trai di “forane bé; 1nterool t’on,
numerical solutﬂons of aTrebralc ard svtem of

. linear ~algebraic equstions, numervcal'
differe~tation and integration, numerlcal

solutions of ordinary differential ecu-fions.:

/
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(g) Hvdrodynamic principles
g Y P P

Density laws in isothermal and adiabatic atmosphere,
review of laws for control volumes, conservation of
mass, momentum and encrqgy, eloments of irrotational
theocry, some exact solutions of NS equations, ‘o
introduction to boundary layer theory, turbulent
flows-and Reynold equations, one dimensional

comprassible fluid flows.
{h) Computer pro-ramming

Zlementarv exposition of computer architecture,
number systems and codes, algonithms and charts,
machine language programming, compilers and :
operating systems, constahts and varizbles,
arithmetic and logical operations, I/0 operations,
control statements, DO loops; subroutines, :

introduction to hish:r lesvel languages.

(i) Calculus of variations
Concent of maxima and minima of functions,
langrange multipliers, Euler equations for
functionals of various types, applicatiorns to
problems of mechanics, elasticity etc. ‘Garlekin

‘ and Rayleigh-Ritz method. -

Note - Five lectures will be delivered by the library

scisnce section on ballistic biblioviesw.

2. Internal Rallistics

Combustion, burning of propellznt, Vielle's law,
form function, systems' of 'internal ballistic
equations, ‘effects of variztions, similarity

relations, raocoilless systems.

Nozzle flow thoory, gas generation in the rocket
_motor, prrssure in a rocket and the desirable
characteristics of rocket propellants, geometrical

configgrations curreﬁtly in use for boost ang

sustainer motors including dual thrusts motors.

Practiccl assignments.

'
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=B
3. Free Fli-ht Dynamics I

Dynamics of rotating franes, ballistic reference frames,
aerodyvnamic force system of clean anéd finned bodies,
general ecuations of mow‘:_ion.4

Angulzr motion of sninning and inertisa stabilised
bodies, normal equations and their solutions, motion

of a2 rocket during burnlng rhase, underwater motion,
motion of ffee fall bodies, numerical methods of
ballistic trajectory calc lations, drift ané dispersion
of spinning and finned bodies, differentizl corrections
due to variations in initial conditions, secondary
aerodvyramic forces or meteorological conditions.

Practical assignments.

4, Experimentél’Technirues and Instrumentation

(a) Technisues 7
Introduction to tvpes of measurements, initial velocity,
angular deviations and angular velocity measuremnent
technicues, drag determination met. .ods, methods of
parametric variaztions in aerodynamic force system
measuremeﬂts, analy51s of mearn area effect,
comp;79t1on and reduction to standard condlt*ons of

-the range data.

(b) Instrumentation
Velbcity and pressure measuring ihstruments,
instruments for temperature, delay, height of a point
along trajectory, point of faill determination by
optical instruments, strain measurement instruments,
high ‘specd photography, franing and streak cameras,
flight test instrumentation, yéw sonde,
transducer's for shock and blast determination.

Practical worke.
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5, Netonics and Terminal Effects

e

—

Propogation of a disturbance in a medium,
Hugoniot curve, Jouguatf's rule, Raleight
processes, idéal detonation and .applicationsy,
high velocity imp=ct phenomena, jet penetration,
scabbing;

-

Fragmentation theory and lethality, recochet,

wound ballistics.

6. Free Flight Dynamics IT

B g

Dynamics of launch vehiclcs and ballistic missiles,
optimal staging, certral force motion, determination
of orbital elcmonts, orbital transfer and
randezvour, station keeping, analysis of
satellite attitude; orbital perturbations,
optimisation of flicht trajectoriss and
1ife time of satellites.

Js oo -
Each 'studert would deliver two seminar lectures of
one and half hour each. One topic will be directly
connected to his dissartation/project work. Other
would be on any allfed topic given by the

quiding teacher.

8. Di~sertation/Design Project

Each student will be allotted a dissertation/desian
project by a guiding teacher. It will cover

the review of earlisr work ard in derth study

of the topic. It will include applied research/

design by the student. P
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MISCELLANY

A, 'ACRDEMIC 'STAFE

P.C.Rath, M.a.(MAths).
Chalrman Applied Mathematics Faculty
vpleld - Nonllnear Mechanics

Extbrior Ballistics.

C.b.Ghildvei, PhiB, :
Head of Applied Maths Dentt.

Field - Fluid mechanics, .Heat transfer in
fluids, Internal ballistics of guns

and rockots, Missile kinemetics.

%.C.Sharma, Ph.D.

"Head ‘of ‘Ballistics Deptt.
FPield - ffee fliqhttGYnamics,
: Stability theory-

Terminal effects.

A.K.Govil, Ph.D.
Head of Statistics and O.R. Deptt.

Field - Relisbility analysis.
R.H.Dani, -M.Sc. <
Head of Balllstlc Instrumentatvon Group'.
Field - High speed photography.
 Optoelectronic ecuipmont desion.
¥K.V.Rao, M.5c.
erld - Optlml ation and Optlcal control theory. ..
Teachers marked * are recogn1sed by the Univer51ty
of Poona for Ph D. programwes.

Speciclised and cualificd teachlng staff is also
availsble in aronautics, propu151on, thermo—J ;
chemistry, elcctronics, metallurgy, guided and

unguided weapon system in this Institute.
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Ba INFORMATT ON RISOURCES

The library of the Institute is well eguipped with
ahout 20, 000 books, 350 journals and ahout 5000 reports.
Collection on ballistics is compréﬁélve and upto date.
Colloction also includes audio tabpes and micro documents.

Inter library loan and reprographic facilities are availsble.

Directing Staff

Shri G.J.Narayana, ™.Lib.Sc.
Head Librarv and Documentation.

Shri H.G.Desai, B.Sc.
ILibrarian.

Resource Dubllcatlohs

et e e

1. Ballistics A biblioview (Ballistics information
ard its organisation for retrieval) By G.J.Narayana.
2. Rallistics A bibliography (A classificd
H,G.Desai.

Rallistics literature=I. reports (An index to
reports available in defence R and D establishments)
by H.G.Desai. '

Rockets and Missiles - A selact bibliograrhy
by H.G.Desai.

G EXPERIMSNTAL PFACILITIES

The ballistic instrumentation laboratory is fully
cquipped for hlgh speed camera, electronic cometers, opto-
electronlc equipments, thrust and pressure recording

facilitics, water tank for e~try and subseguent motion,

Static rance facilities.
Wind tunnel, propulsion facilities are available
in the Institute.

Additional facilities will be made use of from
the sister organisationse. ;
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Institute of Armament Technology

Girinagar, Pune-411 25

A CASE FPOR INTRODUCING
A POST GRADUATE DIPLOMA COURSE
IN

BALLISTICS

Ballistics Dentte.
(a.», FACULTY)
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A HEST 66 AT’“.T'K DIPT.OMA ,OU““!: IN BAILISTICS

g e . e e——— e e g——— S ———

Sectiomr I

o aim of the post graduszte diploma course in
PGDC(Ballistics) is

create pote-tial in DRDO, T:GI, Mjilitary

"Services for carrying out work in applied
"ballistics .and astrobzllistiess &

to enhance the capsbility and.add to
understanding of theoretical -ballistics,
experimertal ‘technicues and instrumentation
0 ta ‘2 up research and develonmfnt wcrk
Eo render asai stanﬁe by way of th1: : '
training to scientists 1n space

commlss ion and oth o avtonomous boﬂ1hs

in the country.

to create awarennss'amonq'pOSt graduvate
studen''s to take up'reseafch”and develophment
work in this £ield.

e) to train students from foreign countries.

Eligibility

2..; .The ca ﬁdiﬁatos,rsel cted by 'nstliute o Armament
Technolooy, will be eithzr ¥,Sc. (Maths), ° ' Se. (Physwcs)
3.E. (Mech) or ?.4.(Aeronatt cal) with a good academic record.

3 The course is open to serving milltarv o‘fléers,
scichtists from R and D, DGI, Ordnance Factory Services and
other scientists under ministry of deferce production.

4, s Two to three seats 1n the course may be ‘given to
other civil organis sations such as space commlss1on, CSIR -

and Forensic laboratories on their requcst.
5¢ TWo seats w111 be f*’led by an open advertlseme"t.

6e. . vandldates from frlc dly foreiqn countrvos may be
admitted.
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Conditions of Admission for Outsicders

7. The sponscring organications of the candidates in
pera 4 will psv a nominal fee of Rs.500/- to IAT for

each ca~dicate.

8. The cardidatés admitted through the open advertisemernts
will be pzid a scholorship of ®s.400/- p.m. by IAT for
meeting their expmnses towards maintenance etc. EFach candidate
will additionally get an‘ad-hoc grant of "s.1500/- from JAT

to meet the expeses on travel, books etc.,

9 Govt. of India is not bound, in any way, to provide
enployme-t to ca~didates selocted through oven advertisement

on completion of the course.

10, Conditions of admissions for cardidates from abroad
will be decided by P ard D H{. The eligibilitv of admission,
however; will be decided by IAT. /

Cavacity of the Course

11. Not exceeding 1C students per course.

Duration and Trequency

s e . et

124 The course will be of 44 wecks duration, comme~cing

from mid June. One course ner year will be undertaken.

Method of Zxamin=ation

13. The students have to meet the requisite standard in
each parar/seminar/dissertation. The fina) assessment will
be made on the agqrggate of the internal assessmeﬁt/theory
papers/seminars/dissertation. The weightage in the
examination will be és follows

_a) Teaching subjects
Internal asseésmemt(two testa and a viva).......40
ouedtion procr . . - - B 0l bs o, B0
DL Seninars L. . e e
c} Dissortation Equivalznt to three teaching subjects.
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