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Dr.KC SHARMA,
* Faculty of App Maths.

Telephone : 55394, 553

x
bs:

Telegrams ARMINS
eed

GOVERNMENT OF INDIA
MINISTRY OF DEFENCE (R & D)
INSTITUTE OF ARMAMENT TECHNOLOGY

petewe POONA-25

{2 APR 74DO No 4119/AM

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.

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

With regards.

a moe

Dr B.S.MADHAVA RAO.

No 4 Kankanhalli Rd,
BANGALORE 560004

D. Sec. ,F.N.A.F.ASC. w

Cyan Green



Telephone ; 55394/6 GOVERNMENT OF INDIA

DEFENCE RESEARCH & DEVELOPMENT ORGANISATION

INSTITUTE OF ARMAMENT TECHNOLOGY
GIRINAGAR, POONA-25,

MINISTRY OF DEFENCETelegrams ARMINST(B)

No 4119/AM

To

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

Dated MAY 74

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,
f n

SHARMA)
Joint Secretary

Nonlinear Ballistic Seminar

{a
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Taloohone - 44°°5°/253
Dr. XC SHR Telcgrams - "°F MINST(£)
Senior Scientific OF TNDIA
Head Sept. of allictics MINTSTRY OF DEFUNCE

INSTITUTE OF AS MAM TECHNOLOGY

ue

No. 153213 Dated - &pr 78

Sub - POST GRADUATE DIPLOMA COURSE IN BALLISTICS

Sir,

G TT 1 Ne Uh + 411 m5.

This Institute intends to introduce a One year course in
Ballistics. The contents of the course are planned to cover anolied
and theoretical aspects in depth.

2. The Institute hes a fully equipped ballistic Tnstrumentation
laboratory, library 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/oractical work/dissertation topics.
3. Dissertations would be assicned on new topics of practical
and theoretical interests,
4. To obtain recognition for the course, it is proposed to
approach the University of Foona for award of MPhil (Ballistics)
or a post graduate diploma qualification.
5. I request you to kindly forward your opinion on its scone of
utility, contents of syllabus and the additions/deletions that you
would like to suqgest to improve the syllabus and other aspects
of the course.

With regards.

689 Yours

Encl - A copy of "A Case for
Introducing a Post poe
Graduate Diploma Course
in Ballistics".
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15. Te Institute mev an re: ch the Univecsttv of Poona

for recognising the course fer a post graduate diploma
t to ".Phil. degree. The examination may be

conducted by Tacor Poona University. The research
students joining the course, may be awarded n Phil e
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Section ITI

A. INSTRUCTT ONAL COMMITMENTS

1. Tescring subjects with practica's will have 5 periods of

one hour duration each, per week.

2, "or the preperation of seminar subjects, tutorials and

literature survey the library contact periods will be

a out 5 per week.

3. Dissertation will be ecuivalent to three teaching subjects.

4. visit will be of two wecks duration.

5. Thore will be two days visits to local estahlishments.

6. Private study will be 2 periods per week.

SUMMARY

I Term
(20 weeks)

Netails

Three Pre-requisite subjects (first three wecks)

1. Thermochemistry of prope' lents.
2. Stability theory
3. Nonlinear mechenics
4, lectronics for instrumentation.
5, Statistics ane probaility theorv.

6. Numerical analysis.
7. Hydrodynamic principles.
8. Computer programming.
9. Calculus of variations.

Any three of the above subjects will be allotted to

a by the officer in cherge of the course. The

choice will rest on the criterion "Make up the deficiercy
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of the background knowledge necessary for the course.

There will be no assessment examination in these

subjoats.
Teaching subjects (four subjects)

1. Internal ballistics
2. Free flight dynamics I a

3, =xperimental 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
Bree flight dynanics II

* Dissertation
Seminars (two by each student)
Visits

* Bach guiding teacher will have a maxium of three
students.

'Color Control Patches



Section III

COURSE OF ST AND LABUS

1. Pre-recuisite subjects.
(a) Thermochomistry of prepell=nts

Free eresrgy and equilibrnim condition, combustion
precesses, burning of propellants, theoretical
performence evaluation of systens, solid,

are hybrid propellonts,licvia

(b) Stability theory

Nesponse ch - ract=istic of linear systems,
Routh-Hurtwiz eriiteria (including in

complex Plena) stability of syetems having perioditally
varying second method of Liapunov.

(c) Nonlinear mecharics.
Phase Plane analysis, limit cveles, pendulum
e tion, Vanderpool ane 'Lenard ecustions.

(a) Electronicsectni for instrumentation.

Amplifiors, oscilletors including multi-vibrators,
circuits, electronic counters.

* .. oo,

Statietic a' probability theory
andom exp.riments, on on event, probability,

* testing of hypothesis, rardom variables, measure
Of.ce tral t dispersion, mathematical
exo=ctation, regression, probasility thee
probability distributions.

a

(£) Numerical analysis vo

ed end ce-tral PAS e intervol:- tion,
numerical solutions of alcebraic ard sytem of
Divi:

dinsar algebraic equations, numerical
differe-tation and integration, numerical
solutions of ordinary differential ecurtions.

é
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(g) Hvdrodyne principles
Densit laws in isothermel and adiabatic atmosphere,
review of laws for control volumes, conservation of
mass, momentum ané enorgy, elomnerts of irrotational
theey, some exact solutions of NS equations,
introduction to boundary layer theory, turbulent
flows and Reynold equations, one dimensional
compressible fluid flows.

(h) Computer pro-ramming

exposition of computer architecture,
number systems and codes, algonithms and charts,
machine language programming, compilers and

operating systems, constants and variables,
arithmetic and logical operations, I/O operations,
control statements, DO loops, subroutines,
introduction to hi level languages.

(i) Calculus of variations
Concept of mexima and minima of functions,
Langrange multiplicrs, Euler equations for
functionals of various types, applications to
problems of mechanics, elasticity etc. Garlekin
and Rayleigh-Ritz method.

Note - Five lectures will be delivered by the library
scionee section on ballistic biblioview.

2. Internal Rallistics
Combusion, burning of propellant, Vielle''s law,
form function, systems of internal ballistic
equations, effects of varictions, similarity
relations, recoilless systems.

Nozzle flow theory, gas generation in the rocket
motor, pr-ssure in a rocket and the desirable
characteristilas of rocket propellents, geometrical
configurations curretly in use for boost and

Sustainer motors including dual thrusts motors.

Practical assignments.

en oo
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Free Flicht Dynamics I

Dynamics of rotating franes, ballistic refers-ce frames,

general ecuations of motion.
Anguler motion of spinning and inertia stabilised
bodies, normel equations thcir solutions, motion

of a rocket during burning phase, underwater motion,
motion of ff£ee fall bodies, numerical methods of
ballistic trajectory cale lations, drift and. dispersion
of spinning and finned bodies, differentiel corrections
due to variations in initial conditions, secondary
aerodynaric forces or meteorological conditions.

aerocvnenic force systen of clean and finned bodies,

Practical assignments.

4. Exporimental Technicues and Instrumentation
(a)

Introdvetion to tvoes of measurements, initial velocity,
angular deviations and angular velocity measurenent

technicues, drag determination met..ods, methods of

parametric variations in aerodynamic force system
measurements, analysis of mean area effect,
compilation and reduction to standard conditions of
the range data.

(b) Instrumentation
Velocity and pressure measuring instruments,
instruments for temperature, delay, height of a point
along trajectory, point of fall determination by

optical instruments, strain measurement instruments,
high specd photograpgy, franing and streak camoras,

flight test instrumentation, yaw sonde,
transducer's for shock and blast determination.

Practical work.
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5. Detonics =nd Terminel "frects
me

Propogation of a disturbance in medium,

Hugoniot curve, rule, Ralei rahe
idéal detonation and arplinations,processes,

jet penetration,high velocity im ct phenomena,

scabbind.
}

Fragmentation theory anc leth»lity, recochet,
wound ballistics.

6. Sree Flight Dynamics Il

Dynanics of launch and b Listic missiles,

optimat staqing, central force motion, determination

of orbital orbital transfer and

randezvour, station keeping, analysis of

satellite attitude, orbital perturbations,
optimisation of trajectories and

Life time of satellites.

7. Seminar

One topic will be directly
Other

Each studert would deliver two seminar lectures of

one and half hour each.
connected to his Giesértation/project work.

would be on any tovic given by the

guiding teacher.

Tt will cover

8. Dixsertation/Design Project
Bach studert will be allotted a

project by 8 guiding teacher.
lew of work ard in derth studythe rev

of the topic. It will include applied research/

design by the stucert. y,

td Color Control Patches



MISCELLANY

A. ACKDEMIC STAFF

* Prof P.C.Rath, M.A. A.
Chairman Applied Mathemetics Faculty
Field - Nonlinear Mechanicsw

e

i "xteprior Sallistics.
* Prof C.D.Ghildyel, Ph.D.

Head of Applied Maths Dentt.

Field - Fluid mechanics, -Heat transfer in
fluids, Internal ballistics of guns
and rociots, Missile kinemetics.

* Prof X.C.Sharma, Ph.D.
Head of Ballistics Deptt.
Pield - "ree flight dynamics,

Stabitity theory
Terminal effects.

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

Field - Relicbility analysis.

Prof R.H.Dani, M.Sc.
Head of Ballistic Instrumentation Group.

Field
- High speed photography.
Optoelectronic equipment desicn.

Prof K.V.Rao, M.Sc.

i Field - Optimisation and optical control theory...

Note 1 Teachers marked * are recogni sed by the University
of Poona for Ph.D. programmes.

2 Speciziised and qualified teaching staff is also
avail=ble in aronautics, propulsion, thermo-

chemistry, electronics, metallurgy, guided and

unguided weapon system in this Institute.

ENdicsolor Control!Paches
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Be INFORMATION

The library of the Institute is well equipped with

avout 20, ONO books, 350 journals and about 5000 reports.
*Collection on ballistics is comprensave anc upto date.

also includes audio tapes and micro documents.

Inter library loan and reprographic facilities are

Directing Staff
Shri G.Jd.Narayana, ". Lib.Se.

Head Library ane Documentation.

Shri %.G.Desai, %.Sc.
Librarian.

Resource Publications
A bibliovicw (Ballistics information1. Ballistics

ard its organisation for retrieval) By G.J.Narayana-

2, Ballistics A bibliography (A claessificd
collection of about 2000 referances) by ".G.Desai.

3. Rallistics literature-I. reports (An index to

reports available in defence R ane D establishments)

4. Rockets and "issiles - A selsct bibliography
by H.G.Desal.

by

EXPERIMENTAL "WACILITIES

The ballistic instrumentation laboratory is fully
equipped for high speed camera, electronic cometers, opto-

electronic equipments, thrust ané pressure recording

facilitics, water tank for etry and subseavent motion,

Static ranse facilities.
Wind tunnel, propulsion facilities are available

in the Institute.
Additional facilities will be made use of from

the sister organisations.

at od at f
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A CASE FOR INTRODUCING

A POST GRADUATE DIPLOMA COURSE

IN

BALLISTICS

Ballistics Deott.
(A.", FACULTY )



& POST G> ABUT NIETOMA COURSE IN Bar LastTiIcs
a eedem cae) et SIRT Bon of

Section I

fim
The aim of the post te ,diploma course in

PGDC(Ballistics) is
a) to create 1 in DRDO, "GI, 'ilitary

Services for carrying out work in applied
ballistics and astrobsllistics.

b) to enhance the cap-bility and add to
uncerstanding of theoretical ballistics,
experimertal 'technicves and instrumentation
to. tak up research and development work.
.to render assistance by way of this
treining to sciertists in space
commiss*.on anc oth c autonomous podics
in the country.

a) to create awarencss among post graduate
to take up' research ane devel opment

work in this field.
e) to train rts from foreign countries.

Studer

Eligibility
2... The candi¢ates, selected by institute O Armament.

Technoloay, will be either "Se. (Maths), ™.Sc. (Physics),
3.17. (Mech) or 73.(Aeronautical) with a good academic record.

The course is open to serving mi litrary offiéers,3.
sciortists from 2 and D, MGI, Ordnance Factory Services and

ministry of defence production.other scientists under

4, 'Two to three seats in the course may be given to
other civil organisations such as space commission, CSIR

anc Forensic Laboratorics on their request.

5. Two Seats will be Filled by an open advertisemert.

6. Candidates from fricnaly foreign countries may be

TIFFEN Color Control Patches
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Condit: ons of Admission fer Outsicers

7. The snonscring orgaisations of the candidates in
pra 4 will pey a nominal fee of Rs.500/- to IAT for
each

8. The cardidates admitted through the onen advertiseme ts
will be id a scholorship of %s.400/- p.m. by T for
meeting their expenses tovlards maintenance etc. Hach candidate
will additionally get an ad-hoc grant of "s.1500/- from TAT

to meet the expeses on travel, books etc.,
9. Govt. of India is not bound, in any way, to provide

t to cn-didates selected through onen advertisemect
on completion of the course.

10 Conditions of admissions for candicates from abroad
will be decided by F and D 2. The eligibilit» of admission,
however, will be decided by IAT.

Cavacity of the Course

ll. Not exceeding 1° students per course.

Duration anc Frequency

12. The course will be of 44 wecks duration, commecing
from mid "une. One course ver year will be undertaken.

Method of =xamin=tion

13. The students have to meet the requisite standard in
each perer/seminar/dissertation. The final assessment will
be made on the aggregate of the internal assessment/theory
papers/seminars/dissertation. The weightage in the
examination will be as follows

a) Teaching subjects
Internal assessment (two testa and a viva).......40

ee ee eee ee ee wee ee BO
b) Seminars . 0 ee ew ee ew ew ee ee ew ee 100
c} Dissertation Equivalent to three teaching subjects.
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