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ABSTRACT

In this paper we consider an optimal control problem for a system

described by a linear partial differential equation of the parabolic

type with Dirichlet's tioundary condition.

We impose some constraints on the control. The performance

functional has the integral form. The control time T is fixed. The

initial condition is not given by a known function but belongs to a

certain set (incomplete information about the initial state).

The problem formulated in this paper describes the process of

optimal heating, of which we do not have exact information about the

initial temperature on the heated object.

We present an example in which the set of admissible controls

and one of initial conditions are given by means of the norm constraints

too.

The application of the well-known protective gradient method

in the Hilbert space allows us to obtain the numerical solution for our

optimisation problem.
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I . PRINCIPAL NOTATIONS

We introduce in this section the follwing notations

and definitions.'

Let E denote a linear topological space, locally convex.

E'will denote the adjoint space and U is the neighbourhood

of the point x i £ . Finally f t E'are the linear, continuous

functionals.

We define the following approximations cones J4j .

Definition 1.

The regular admissible cone RAC

the point xQ is the convex set

(A'Xo)
of a set ACE in

Definition 2

The regular tangent cone RTC (B,X 0] of a set B C E in the

point x is the convex set

where

Definition 3.

The regular improvement cone RFC (l,x0)of the performance

functional I in the point xQ is the convex set

FC U(x



The cones adjoint to RAC(A,XJ) , RTC (B,XO) and RFC

are the following sets .

Definition 4

Definition 5

where

RTC(B,x ) is a subspace;

Definition 6-

[arc (1,3

Let x= <x^,.*.*»,xnS denote the space variable; x ranges

in an open set2cRn with boundary I . We will use the

following function spaces

Definition 7

a space of functions square integrable onQand

such that

with the scalar product

and with the norm

Definition 8

L (- O,T;xJ is a space of measurable functions defined

on (- 0,T) with values in a Hilbert space X with the norm

Definition 9

The Sobolev space of order one H (&) is the following

space:

with the scalar product

The space H (Si) endowed with the scalar product (l-i)

is a Hilbert space [ where g-^ are the distribution

derivatives^.

Definition 1Q

The space £ H1(9) is the following subspace ;

r
with the scalar product (l-*i) •



We denote by X the dual of X, and we define the following

spaces ,

Definition 11

then

Definition 12

jy jW (O,T) & jy jy

Finally we introduce the following apace by:

Definition 15

tYj is the space of all linear and continuous

operators which are the mappings from the space X into the

space Y ,

II. INTRODUCTION

Milutln-Dubovicki's method^ 4,5_J arises from the geometric

from of the Hahn-Banach theorem (theorem about separation of

convex sets) .

It will be shown in the example.

Let ua assume that

E is a linear topological space, locally convex, I (x) is a

functional defined on E , A, , i =. 1,2,.., ,n are sets in E

with inner points which represent inequality constraints, B is

a set in E without inner points representing equality constraint.

We must find some conditions necessary for a local minimum

of the functional I (x) on the set Q = /\ A.nB, or find a

point x € E, so that I ( x V

/

i M where U means

certain neighbourhood of the point, x .We define the set

Then , we formulate the necessary condition of optlmality

as following : in the neighbourhood of the local minimum point

the intersection of the class of sets (the set on which the fun-

ctional attains smaller values than I (x\ , and the sets repre-

senting constraints) is empty or /\ Ai 1 3 = r •
1=0 •

n
The condition /~\ A.A3 = 0 is also equivalent to the

1-0 1

one in whichjinstead of sets A, or B,there are approxi-

mations of Ai ̂ i=0,1,.,.,,n^ and a . These approximations are

cones with the vertices in point|ot .

We shall approximate the inequality constraints by the

regular admissible cones RAC (̂ <»x j (i=>1,2, n) ,the

equality constraint by the regular tangent cone RTC ( B I X J and

for the performance functional we shall construct the regular

improvement cone RFC (l»x0) •

Then we have the necessary condition of the optimality l(x)
n

on the set Q = / A A.DB ha3 the form of Euler-Lagrange's
i=1 x



equation

.+1

where

f. (i. = 0,1,... • ,n-t-i)-are the linear, continuous functionals;

all of them are not equal/ zero at the same tine and they
A

belong to the adjoint cones

,1-1.2, n

For the convex problems, i.e. the problems in which the

constraints are convex sets and the performance functional is

convex, the Buler-Lagrange equation is the necessary and

sufficient condition of the optimality,provided that certain

additional assumptions are fulfilled (the so-called Slater

condition}.

Using Hilutin-Dubovicki's theorem we shall derive the

necessary and sufficient conditions of optimality for parabolic

systems with incomplete information about initial state.

III. STATEMENT OF OPTIMAL CONTROL PROBLEM. OPTIMIZATION

TH30REM.

We consider the parabolic equation describing the dynamic

of controlled system

A(t)y

(x,t) «0

ta (O,T)

xe P, t

y<p,o)sK xe Q , (111-3)

where bt̂ -R*1 i3 a bounded, open set with boundaryl , which

is a C "-manifold of dimension (n-i\ . LocallyQ is totally

on one side of \ .

K<THo(Sr)is a closed convex subset with non-empty interior

in the space H^Si.) u=u(x,t) y =y(x , t ) •

The right-hand side of equation (l l l- i) and the in i t ia l

condition(1II-3J are not continuous functions,but they are

measurable functions,belonging to L or L°° spaces;

Therefore,we shall look for the solution of equations

(III-1) i (1H-3) in some Sobolev spaces.

Let us denote by Y=L2(o,T; H^(Si)jthe space of states,and

by U=L (QJthe space of controls.

The operator A (t") has the form

satisfy the conditions

It is known that if initial state y(x,Oj is an arbitrary

fixed function, then equatlon/lll-i) ~ (ill-3) have a unique



solution y€.w(b,Tj continuously dependent on the right -

hand side and on the initial condition (̂ Theorem 1

with the assumptions mentioned above.

The control time T is fixed, in our problem

Performance functional is given by

= 5 F (x,tjy,u) dxdt—Unin •,

where F ^ x R̂ x R1X R1—*-R1 satisfies the fallowing conditions:

Ai) F(x,t,y,u) is continuous with respect to (x,t,y,u) ,

A2) there exist F {x.t.y.u), Fu(x,t,y,u) which are continuous

with respect to (x,t,y,u) f

Aj) F^CjtjyjHis strictly convex with respect to u i .e .

1 ^

y u ^ C R1, u1 /u2 ,(x,t ,y)e Rn+ R̂  x R1,^

Ah) F(x,t,-,ul is strictly convex with respect to y i.e

v ,y 2 f iR\ y i^y2 , (x.t,u)fi Rnx ft[X R1,/tf(&,i

We assume the following constraints on controls:u£ Ua

/a closed convex subset of U with non-empty interior in the

space L (Q) (lll-s).

Remark 1

In the following to aboreviate the formulaa, we shall write

F,P ,F fp without the arguments, and we shall aenote by

y(0)sy(x,0), p(0)-p(x,0),y(T)«y(x,T), P ( T ) - P ( X , T ) •

The optiaal control problems (lll-1j-!*- III-5J will be solved

as the optimization one in which the function u and the ini t ial

condition y [Q] are the unknown functions. It is easy to show
which

that optimal control U '/i-s suitable'for the optimal Initial condition

y (cAgives the smallest value for the performance functional.
1 which

Every other optimal control u / is suitable for the initial condition

y (OVK gives the greater value for the performance functional.

So proceeding in this way without " additional information

about the set K and the performance functional, we reach the most
advantageous compromise.

The solving of the stated optimal control problem is equi-

valent to seeking a triplet (y°(p) , y°tu°j6E- H^(£)x Y x U

which satisfies equations (lll-1 J 4 (lH-3j and minimizing the

performance functionalflII-4) with the constraints on controls

(ill-s) .

We formulate the necessary and sufficient conditions of

optimality in the form of Theorem 1•

Theorem 1

The solution of the optimization problems(lll-i)

exists and is unique with the assumptions mentioned above;

the necessary and sufficient conditions of the optimality

are characterized by the following system of partial differential

equations and inequalities:

State equation

£ A(t)yc - u° x« ft , te(o,l) • (ill-o)
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Adjoint equation

f , t« (o, (ni-7)

f C i fc9
p(x*t)=o x e 9 • (111-10)

Maximum condition

^ ( P + F
U ) Cu-u°) dxdt > 0 Vu ^ Uad (ill.! -,)

jp(o)|k-y0(o)]dx?oVk*K •> (lH-12)

where "0" denotes the optimal element

Aft) is the adjoint operator to A ft)-,

Fy"Fu a r e t h e Fre"chet derivatives of F

with respect to y,u in the point(y°,u°) .

Outline of the proof

According to Milutin-Dubovicki's Theorem ̂ 43 we approximate

the set representing the inequality constraints by the regular

admissible cone,the equality constraint by the regular tangent

cone and the performance functional by the regular improvement

cone.

a) Analysis of the Equality Constraint

The set Q1 representing the equality constraint has the form

A (t)y=u ?,tS (0,T)
I I I -13)

11

'tl& construct the regular tangent cone of the set •2,. using

the Lusternik theorem [Theorem 9.1 L^J^ •

For this purpose we define the operator Pfy^0),y,u]in the

form

P(V(0),y,u) = ( - ^ - + Ay-u,y(x,t)) . (lH-14)

The operator Pfy (o) ,y,u) is the mapping from the space

H^$)xL2(0,T;Hj(S2))xL2(a)into the space L^.TjlTJS]))* L 2
 (O,T;HJ(9))

The Fre'dhet differential ofYoperator P̂ y (0) ,y,uj can be

written in the following form:

P'(y°(0) ,y°,u°) (y (0) , y,u) = (-|4- + Ay-u,y (x,t)) •

Really,-1^ (Theorem 2,8 [7]")and A (t) (Theorem 2.1

are linear and bounded mappings. .

Using Theorem 1.2 [e] we can prove that P'fy0 (o),y°,u°j

is the operator "one to one" from the space

L2(>) onto L2(0,T;l

Considering that the assumptions of Lusternik's theorem are

fulfilled we can write ttie regular tangent cone

for the set Q̂  in a point (_y°(o} ,yO,u°) in the form

RTc(d1f(y°(0),y°,uo)) = {(y(0) ,y,u)«E i P'(y°(p) ,»°fu°) (?(o) ,y,u) .-
=ol • (in-16)

It is easy to notice that it is a subspace. Therefore'using

Theorem '(0.1 \.^~\ we know the form of the functional belonging

to the adjoint cone

f! ( ? ® ,?,") =0 i/(y (O) ,y,u)€RTC (^ ,(y°(o) ,y°,uo)) • (lH-17)

b^ Analysis of the Constraint on Controls

The set Qp=K. x ^ x u representing the inequality constraint

12



is a closed'and a convex one with non-empty interior In the

apace E.

Using Theorem 10.5 [V] we find the functional belonging

to the adjoint regular admissible cone i.e.

£2(y (0) , y , & K RAc(a2l(y°(o) ,y°,u°))]* •
We npte that i f E^,E2,E, are three linear topological spaces,

then the adjoint space to E= E^x E~ * E, has the form

and

3o we note the functional f2(y (o) ,y»u) as follows :

where f ̂ (y) =0 W « Y (Theorem 10.1 [Y]) ,

^(yCoA , fJJW a r e ̂ h e suPPor* functiohals

to the sets K and U, . in the point y° (o) and u°,

respectively ^Theorem 10.5 [4JJ.

o) Analysis of the Performance Functional

Using Theorem 7.5 C^O w e ̂ ^•T1^- the regular improvement cone

in the forme form

RFC (i, (y° (dl ,y°,u0)) = {(y (0) ,y,u) £ E ;

where I (y0 (tf) ,y°,u°) (y (d) ,y»G~\ is the Frechet differential

of the performance functional. 3y the assumptions (A$) , (k.2) this

differential exists fit can be proved in the same way as in the

example 7,2 [4] ) and can be written as j ̂ F y + Fu u j dxdt.

On the basis of Theorem 10.2 [4] ,we find the functional

belonging to the adjoint regular improvement cone which has the form

f5(_y{p) ,y,u) =-lo5 (Fy y + F U u) dxdt

where A

d) Analysis of Euler - Lagrange *s equation

The Euler - Lagrange equation for our optimization problem

has the form

Taking into account (11I-17), (lll-18),and ^II-2o) ,we can express

(lll-2i) in the form

^> Fy y<^<it + A . J F U udxdt (tII-22)

Co) ,y,u)« RTC(X,, ( y (p) ,y,u)) •

We transform the first component of the right - hand side

of (lH-22) introducing the adjoint variable by equation (lH-8)

and using formulas (1II-I0) , (lH-15) and(lll-i5) .

In turn, we get

Py y dxdt

dxdt

y dxdt .' dxdt

dxdt

Substituting (ni-23) into |lII-22) ,we obtain

dxdt '

Using the definition of the support functional [>] and

dividing both members of the obtained inequality by \o,we finally

13 14



g e t

P (o) (k-y° (o)) dx + ^ (p + F J (u - u°) dbcdt > 0

This last inequality is equivalent to the maximum conditions

In order to prove the sufficiency of the derived conditions of

optima11ty,we use the fact that the constraints and the performa-

nce functional are convex and Slater's conditions are satisfied

(Theorem 15.2 [4J ) ,

. There exists a pointf y (o) ,y"jul * int 3 2 such that

(y (o1) .y.uVa-,. This fact follows immediately form the existence

of non-erapfor interior in the set !^2
 a n d Theorem 1,2 [[6j

regarding the solution of parabolic equations.

The uniqueness of the triplet(y° (0̂  ,Y°,U°) follows

the strict convexity of the performance functional (lII-

(assumptions (A3) and (̂ 4) j .

This last remark completes the proof of Theorem 1.

from

Remark 2

On the basis of Theorem 1 we can derive• various moflifica»

tions in pa r t i cu l a r cases of the sets K and U ^ . In table 1

we indicate the maximum condition and state an equation

which is suitable for different sets K and U
ad

For instance, the case 1 is suitable for the situation vhen there

are no constraints on control u and initial condition y (o),

While the case 4 ^ 3 suitable when the Initial condition is f ixerl.

15

We must notice that the optimal conditions given in Theorem 1

do not provide any analytical formulas for optimal control. Thus

we must resign from trying to determine ' t n e optimal control
we

and/must use approximation met hods , such as in [5]-
*\

To solve the problem ( U I - l ) V ( I I I - 5 ) we can use the pro jec t ive

gradient method [ l ] , [ 2 ] .

IV. PROJECTIVE GRADIENT METHOD

Let us assume tha t

V i s a closed,convex and bounded subset in a Hilber t space H,

J : V-*R1 is a functional belonging to C (v) .

We must find the point v°* V so tha t j (v°)= inf J(v) •

For1 t ljis purpose we construct the sequence | v n j (n=Q,1 , . . .

according to the formula

v n + 1 " PV
(IV-1)

where Py. denotes the projective operator on the set V

ar£n yr 0 can be chosen using one of the raethods given in LiJ-

The proof of the convergence of the projective gradient method.

e -g - i s given in [ l ] .

V. APPLICATION OF PROJECTIVE GRADIENT METHOD TO 30LVIHa

THE PROBLSI-i <JII-1) r (lH-5) .

Let us consider a pa r t i cu la r problems(lll-i) r (lH-5) in which

16
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) ' -? u 2 ( x » t ) exdt^M2 , H-conatant

K = jy (o)e.H1(S) ; j y2 (c) dx^N2 , N - c o n s t a n t l • (V-2)

a
Let us dsnot

3L

(v-3)
3L

I t is known that the space H^(si)x L2(a) is a Hilbert space.

Performing the same calculations as in(d)we can see that
j\y(p), u)=(P(o), P+Fu) • (/-4)

Admitting that in the n-th iteration the control u is equal to

u^ v;e get yn as the solution of the following equation ',

yn(x,t") = 0

with the Initial condition yn(o) •

Adjoint equation has the form

(v-6)

Pn(x,t)=O (v-9)

linowing the n~th approximation vn=(yn(o], u^we can find
v:i+1 *Cyn+1 ̂  • un+i) u s i n s t h e protective gradient ni2thod.

Taking into account the form of the protective operator P on

the set V ,v,-e get
17

/ 2
otherwise

yn(0- (o) if Tyn (o) -

otherrfiae

where =4,-70 can be chosen on the basis of QiJ .

To solve equations (V-5)i (v-9) one can use the convergent and stable

difference method.

Acknowledgements: One of authors (Adam SowalewskiJ would like to

thank Professor Abdus Salam.the International Atomic Energy Agency

and UNESCO for hospitality a t the International Centre for Theore-

t ica l Physics,Trieste. It is also pleasure to thank Professor

G.Vidossich for reading the manuscript.

18



References

1. Vasiljev F.P.: Cislennyje metody resenija ekstrjemalnych

zadac. Izd. BNauka" Moskva 1980.

2. Vasiljev F.P,: 0 gradjentnych matodach resenija zadac

optimalnogo upravlenija sistjemamifOpisyvajemymi parabollceski-

mi uravnjeflijami, Sbornik nOptimalnoje upravlenije"

Izd^Znanije" Koskva 1978,118-142*

3. Balakrishnan'A.Vi: Introduction to optimization theory in a

Hilbert space. Springer-Verlag,Berlin-New York, 1971 ('this

monograph is in Russian,too).

4. Girsanov,I.V.: Lectures on the Mathematical Theory of Extremal

Problems. Publication University of Moskow, 1970 (in Russian/I

5. Kowalewski A.,Kotarski W.: Application of Milutin-Dubovicki*s

method to solving an optimal control problem for hyperbolic

systems.Problems of Control and Information Theory,

Vol. 9 (3), pp. 183-193(1980).

6. Lions,J.L.: Optimal Control of Systems Governed by Partial

Differential Equations. Springer-Verlag,Berlin,Heidelberg,

New York, 1971 (this monograph is in French and Russian , tooji

7. Maslov,V.P.: Operators Methods. Publication ^Science",

Mostcow 1973 {in Russian^

Table 1. Maximum condition and state equation which are suitable for

different sets K and Uad .

Case

1

2

3

4

5

The set of
in i t ia l
conditions

K

Hl(a)

K

•W

{°j

The set of
admissible
controls u

Uad

L2<Q)

Uad

L2(Q)

Uad

L2(Q)

Maximum
condition

p ~ F u

P(O>=O

(III-11)

p (0) =.0

p - F u

(111-12)

(lH-11)

p»-Fu

State
equation

(lH-6) , ( l l l - ^

^ t i i - s ) , (111-7)

(m-6),(ni-7)

(111-6), (III-7)

y°(0) =0

( lH-6), (1II-7J

; y°(o)-o

19 20



UUnHENT 1UTF FUBL1UAT1UMB AMD INTLKflAL KiO'UKTti

IC/81/196 P. NIKOLOV - On the correspondence between infinitesimal and integral
INT.REP.* description of connections.

IC/81/197 A.E. CHOUDIIARY - On an improved effective range formula.

IC/8I/I98
IHT.REP.*

IC/81/199

IC/31/200

IC/Sl/201

INT.REP.*

IC/81/202
IHT.REP.*

IC/81/203

IC/81/201*

IC/61/206
INT.REP.*

IC/81/207
IHTHEP.*

IC/81/209
INT.REP.*

IC/31/210

IC/81/211

IC/81/212

ic,':i: • -

i c /81 / . . .

IC/81/218

K.R. PAIMTEK, P.J. GROUT, H.H. MARCH and M.P. TOSI - A model of the
ice-d-electrbn metal interface.

TEJ SRIVASTAVA - On the representation of generalized Dirac (Clifford)
algebras.

E. JEHGO, L. MASPERI and C. OMEEO - Variational discussion of the
Hamiltonian Z(ll) spin model in 1+1 and 2+1 dimensions.

D.A. AKYEAMPONG - Supersymmetry "breaking in a magnetic field.

D.K. SRIVASTAVA - Integrals involving functions of the type (WS)q .

A. BULGAC, F. CARSTOIU, 0. DUMITRESCU and S. HOLAN - Fermi liquid model
of alpha decay.

ANDRZEJ G02DZ - Equivalence of the L-diminishing operator and the
Hill-Wheeler projection technique and its application to the five-
dimensional harmonic oscillator.

IC/81/205 M. CIAFALONI - Soft gluon contributions to hard processes.

Summer Workshop on High-Energy Physics (July-Auguat 198l) (Collection
of lecture notes).

E. BOBULA and Z. KALICKA - Sufficient condition for generation of
multiple solidification front in one-dimensional solidification of
binary alloys.

A. SADIQ - Cultural isolation of third-World scientists.

E.W. MIELKE - Reduction of the Poincare gauge f ie ld equations by
means of a duali ty ro ta t ion .

ABDUS SALAM and J . STRATHDEE - On Kaluza-Klein theory.

N.H. MARCH and M.P. TOSI - Saturation of Debye screening length and
the free energy of superionic PbF .

II.R. KARADAYI - Anatomy of grand unifying groups.

'-.;•:. r : "i'DHARY1 - A study of G-wave n-p scat ter ing using a new effective
: ' • !' rrn.ula.

. .,:."[ - Hartree-Fock approximation for the one-dimensional

. . . ..','i'iW'ti. - A two-component wave-equation for particles of spin-j

.• . M:.-:;O™ rout K S S (Part l).

\.V. 1V7.RMA, G. C.liKATORE and M.P. TOSI - Short-ranee ionic correlations
in ^ald-cesiuia melts.

A.N. AIi'TOHOV, V.A. KIKOLAEV an.i I.Eh. 1'ETKOV- Elastic scattering of
alpha-particles on nuclei.

IC/81/219 L.Ch. PAPALOUCAS - Symplectic consideration of the Poisson equations

of motion and correspondence principle.

IC/81/220" T. AHMED, A.M. KHAN and S.A.M.M. SIDDIQUl" - "Parallel diffusibn length
IHT.REP.* of thermal neutrons in rod type lattices.

IC/81/221 G. DEHAEDO and E. SPALLUCCI - Vacuum instability in the Einstein
open metric.

IC/81/222 J.C. PATI, ABDUS SALAM and J. SIRATHDEE - Preons and supersymmetry
INT.REP.* (To honour Francis Low's sixtieth birthday).

IC/81/223 ABDUS SALAM - Developments in fundamental physics.
IMT.REP.*

IC/8l/2£l+ H.R. KARADAYI - Anatomy of grand unifying groups - II.

IC/81/225 S.K. SHARMA, V. FOTBHARE and V.K.B. KOTA - The Yrast hands in light
nuclei and the effective interactions in J = 0,2 states.

IC/81/226 CAO CHANG-qi and DIKG XIHG-fu - A Higgsless model with
SU(4) E C x SU(2)L x U(l) as intermediate symmetry.

IC/81/227 CAO CHAHG-qi and DIHG XING-fu - SU(6) model with heavy t-quark.

IC/81/229 ELIAS DEEBA - On the existence of bounded solutions of integral equations
IKT.REP.* with infinite delay.

IC/81/229 M.A. ALVT and I. AHMAD - Elastic a- Ca scattering at lOU MeV and the
Glauber multiple scattering model.

IC/81/230 I, AHMAD nad J.P. AUGER - Medium energy inelastic proton-nucleus
scattering with spin dependent NU interaction.

IC/8I/23I S. SEL2ER and N. MAJLIS - Theory of the surface magnetization profile
INT.REP.* and the low-energy, spin-polarized, inelastic electron scattering off

insulating ferromagnets at finite T.

IC/81/232 S. TAKGMAHEE - A finite element method for first order hyperbolic
IHT.REP.* systems.

IC/81/233 S. TAHGMAHEE - Symmetric positive differential equations and first
IMT.RE?.* order hyperbolic systems.

IC/81/231* F. CARSTOIU, 0,. DUMITRESCU and L. FONDA - Semiclassical description of
coherent rotational states with inclusion of nuclear interactions.

IC/81/235 LI XUMJING - Vector-valued measure and the necessary conditions for
IKT.REP.* the optimal control problems of linear systems.

IC/81/236 Th.M. EL-SHERBINI - Lifetimes for radiative transitions in krypton
INT.REP.* and xenon ion lasers.

IC/81/23'f A,K. POGREBKOV and B.C. POLIVAiJQV - Fields and particles in classical
non-linear models.

IC/8I/238 W. HAHM - Kultimonopoles in the AJfflM construction.

S.K. K1KX5A, P.B. TKLPA'L'HI and S.K. S]IA.:a;A - Microscopic description of
the onset of large deformations in the zirconium region.

F, CARDTOIU and 0. DUMITREiJCU - On the Pauli corrections in the sub-

Coulorab t.riir.M'er reactions.
IC/8l/2!iO

iiiii'ui::l J.i-tributicin.
o?fTCK, I C I T , PO BO.V 5 O l l , _

R.B. KIf:HA - Gr :>r ti^.iu;r;inn.-itions iu Finsleri'm spaces.



IC/82/1 TH.M, EL-SHERBINI - Excitation mechanisms in singly ionized krypton
IHT.EEP.*_ laser.

IC/82/2 CHR.V. CHEIETOV, I.I. DELCHEV and i.Z.. PETKOV - On direct mechanism of
INT.REP.* light-particle emission in incomplete-fusion reactions

IC/82/3 F. CLARO and V. KUMAR - Phase diagrams for a square lattice with two-
and three-body interactions.

IC/82A E. ROMAN, G. SENATORE and M.P. TOSI - A simple model for the surface
energy of ionic crystals.

IC/82/5 G.A. CHRISTOS - "Loop the loop".
INT.REP.*

IC/82/6 H.R. KARADAYI - L-R asymmetry in GUT's.

IC/82/7 YASUSHI FUJIMOTO and JAE HYUHG YEE - The electron magnetic moment at
INT.REP.* high temperature.

IC/82/8 T.S. SANTHAMAM - Charge structure of quarks and the number of valence
INT.REP.* quarks in the nucleon.

IC/82/9 TH.M. EL-SHERBINI and A.A. RAHMAN - Auto-ionizing states in Hgl.
IHT.EEP.*

IC/82/10 K.P. JAIN and G.S. JAYAUTHI - Quasibound exciton-LO phonon intermediate
INT.REP.* state in multi-phonon Raman scattering of semiconductors.

IC/82/ll T. SRIVASTAVA - A two-component wave equation for particles of spin -^
and non-zero rest mass {Part II).

IC/82/12 T.S. SAMTHANAM and S. MADIVANAIJE - The structure of the Hamiltonian in
IHT.REP.* a finite-dimensional formalism based on Weyl's quantum mechanics.

IC/82/13 J.A. MAGPAHTAY, C. MUKKU and W.A. SAYED - Hot gauge theories in
external electromagnetic fields.

IC/82/ll* H.R. KARADAYI - The derivation of the conventional basis for the simple
Lie algebra generators.

IC/82/15 H.R. KARADAYI - SO(ll*) unification of 3+1 families.

IC/82/16 W. NAHM - The construction of all self-dual multimonopoles by the
ADHM method.

IC/82/17 B. GRUBER and T.S. SAKTltANAM - Indecomposable representations for
parabose algebra.

IC/82/18 H. PFBCACCIand S. RANDJBAR-DAEMI - Kaluza-Klein theories on bundles
with homogeneous fibres - I.

IC/82/19 W. AMDREOHI, M. ROVERE and M.P. TOSI - Co-ordination of heterovalent
cation impurities in molten salts.

IC/82/20 L. SME(ftCA - A "quadratized" augmented plane wave method.
INT.REP.*

IC/82/21 V. de ALFABO, S. FUBINI and G, FURLAN - Some remarks about quantum
gravity.

IC/62/22 G. CHABRIER, G. SENATORE and M.P. Toci - Ionic structure of solutions
of alakali metals and molten r.alts.


