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Abetrajt

Path integrals over phase space are defined in two way». SOB* properties

of these integrals are established. Tftese properties concern the technique of

integration and the quantization rule i 3 «-»p.

1. Introduction

Let us recall two familiar representations of the Schrodinger Green's

function in terms of path integrals:

7 ft) .7
C i a b )

Toe la s t two terms const i tute the ffamiltonlan,

The fraction G refers t o tbe time interval [O^t^auA •» . , 11 are two

normalising constant*, which depend on the definition, of the, integral that-one '

adopts. The B*£h» itff}, p(t) are ovwr R0, and in writing n , ~pn, aad

p t we presupposed scalar products in Ba.

The form ( l . l > ) , which is the main concern of this •article, was already

given in the early work of Paynman on p&th integrals [ l ] , Th« form (1.1a) i»

hi3torieally somevhat older. One sees that the two are equivalent (at least

at the heuristic level) by doing the p-integration in ( I . I D ) .

The fons (l- lb) has gained some importance hecftuse of i t s usefulness

for investigating constrained systems, in particular gauge theories [a ] .

Moreover, this form was discussed in a number of foundations^, studies, e.g.

in [3] and [1»J. (Cf. also the review article [5].)

The form ( l . lb) can be generalized somewhat. Let us denote the propagator

G by ^t.qjo.ii1 N , and then the expectation of an operator-valued, time-

ordered function (ftp,*)) , can be written as

(1.2)

We now sketch a possible definition of such a path integral, as a background
for the present article. He follow [3] and [5] .

We subdivide the time interval [O.t] by the division points

(1.3)



and we introduce the independent variables

while nCtQ) m q' and, n t t ^ ^ ) * q are fixed.. We approximate the integrand

in (1.2) by a aoitatale function, of the vfcrfablers in t lAJ (and of q', q) , and

we replace tr by ta-ii witlt 5 > 0» Finally,, V* ap-proodmate the functional

Integral by the £ suitably normal! red.), multiple integral

(.1-5)

and we integrate.

The functional integral then results from passing to the limits n •+ «,

6 ^ 0 , Various options are possible, with regard to approximating the

integrand and with regard to taking the limits. (Moreover, some modification

that would ensure translatlonal invariance might "be desirable, cf. Sees.2 & 3.)

The definition Just sketched appears to fulfill various desiderata for

the integral. However, we know of no attempt to develop a rigorous theory

of integration on the basis of such a definition.

In this connection we may note,that on the whole, very l i t t le rigorous

work has been done on the path integral over phase apace. He cite In

particular [6], and there are some brief comments in [j] and [8], The present

article examines the integral in question from a broader perspective than was

done in [6]-[8]. '

Die three succeeding sections discuss in turn alternative definitions of

the phase-space integral, some elementary invariance and integrability

properties, and an application to the quantisation problem. One proof is

relegated to •»_ appendix. Another appendix discusses nontangential limits,

and rectifies a shortcoming of Ref.8.

2.. Two, definitions ' • . .

The two deflaitions- that follow sure adaptations from [o:] and [.91,

respectively. lbs first at these depends on the,Hilbert space structure

associated with the paths TI(T), p{x). In the present case we IWVB a. direct

sum of two real Hilbert spaces, Jf ^ aad jf̂ p, defined, respectiveUr, by the

scalar products

and for Tf , we impose also the condition i(0) = 0.

We observe that there is a natural correspondence relating j(n tai

1 / , i .e. an isomorphism, defined by: n *-» P if and only if n(t) » P(T)
<Tlp /

almost everywhere. In view of t h i s isomorphism, we w i l l a l so wr i te j dtpii

as <^p,n y , etc.

For the abstract discussion that follows, we will assume two real Hilbert

spaces and a given isomorphism between them. These will be denoted by 5 ^ ,

~3f , or by $ , T{ • e t 0 • • Bnd we wl:L1 d e n o t e t h e s=alar products which

are encountered as < E , e > ' < t ' 5 > ' a l s o K^'^} e t c ' F ^ t h e r m o r * . w e

fix a mass parameter < which satisfies In K > 0 , K 4 0 . (In the faniliar

applications K = m > 0.)

We start with the case dimTĵ  • dim?^ » k < «. Let a fe^, aofirt2*

and let b, bQ satisfy Re b, Re bQ > 0. We set



b. * i/O

(2.2)

[The coefficient { [ . . . } k Is adjusted so that lb'O;bO*o(i) = i . ] ife then

take the nontangential double limit as h, IK.-* 0, an* require that this Unit

be independent of n, aQ . If such a limit exists, i t Is the desired phase-

space Integral of F, and will be denoted by I (P).

In specifying the nontangential double limit b, t>0~* °. we presupposed

here an extension of the standard result [10] on uniqueness of such a limit if

It exists, from one to two complex variables. The desired extension can be

easily established, by utilizing Vitali's theorem for two variables (proved

In effect in [8], Sec.5) and by adopting the proof of 110] from one variable

to two. See also Appx.B.

If dim 7f. = dim ^\^ = », we employ sequences of projections, as tn [8].

We introduce the set (P of finite-dimensional orthogonal projections P on

iKj, and in view of the given isomorphism, the action of such a P extends to

5"r + ?T,. Consider next increasing sequences of such projections, and let

For P € (p , we set

and for n = fP

where the last limit is to be nontangential, and to te independent of a, a_.

Since the limit l£'a!bO»a0(F) night not be analytic in h, bQ, the

existence of a unique nontangeatial limit may raise additional problems .

If the I (P)'a are equal for

Definition 1. Let & be a determining family of sequences H (cf.[8]).

', we call the common value the phase-

space integral of P, and we use tlie notations

7 . (2.5)

We rewrite this equation for the quantities considered originally:

Detennining families of sequences of projections were introduced as a

device that enables us to eliminate some sequences of $• which may he in-

convenient, and to retain agreement of the Ij.(P)'s for a sufficiently large

family of It's. He refer to [8] for the definition of a determining faially.

The following fcind of example will suffice for our needs (here P { (P) :

(2.7)

We may note that, in the short discussion of this integral in 18],

projections were considered which act in independent ways on "3(.r a n d o n



I t i s not clear i f the broader definition of loc. c i t . has any advantages.,

However, i t i s more difficult to handle.

For the second definition of the phase-space integral we introduce,

following [9] :

This is to be Gaussian integral over ^ + *$^ , but the occurrence of

/ $ , t S in the exponent i s a complication. One vay to define this integral

is by doing f i rs t the C-integratioo, ana then ( i f F i s a "well-t>ehaving"

function) we obtain the factor exp[-|- (bQ + b )" 1 < C , C > ] . Then for the

5-integration we will have the variance (b + (bQ + b ^ " 1 ) . Alternatively,

the E-integral could be done f i r s t .

For definiteness, le t us require that the two evaluations be equal.

Definition 2. Suppose that J is analytic in b , bQ> b 1 in a region

which Includes the set

[Re. b > 0 t Re, bB > 0} Re. b , ^ (2.9)

If the nontangential double limit of J^b.a; b o , a o ; i/ic;P) as b , bQ + 0 exists

and is independent of <*, a , we call this limit the phase-space integral in

the sense of analytic continuation, and we denote i t by J s ( p ) -

3. Some direct consequences

We 3tart with an assertion about invariance principles of the two

intewrals I J . The following proposition can be proved readily (cf.
pa ps

Proposition U of [81):

Proposition 3- Let B i # , Bgtjtf . Let R be an orthogonal t rans-

formation on oT^ and on ?f t , acting Jointly on the two spaces in such a

way that th is action commutes with the assumed isomorphism. ( i . e . , so that

.) Let P be integraile for I
ps Then

(3.1a)

(3.1b)

I f I B converges with reference to the determining family ff, the right-

hand side of (3.1a) likewise converges with reference to fi[, and the right-

hand side of (3.1b) with reference to the rotated family, as is implied by

{Pj} •* (If1 P R}. Furthermore, if J (F) exists, then the analogue to
J pa

(3.1a) holds, with the integral on the right-hand-aide converging in the sense

of analytic continuation.

We did not consider the rotation invariance of J , since the requisite

Gaussian measures require an extension of the Hilbert space, and rotational itt-

variance of such extensions would require a separate discussion.

The next proposition is of a different kind,and in effect it extends

slightly a result obtained in [ll].

Proposition It. Let S±,... . ^ s ? ^ and

and let y be a measure on Vfr such that

be arbitrary,

'».-0



(Here )u| is the absolute variation of u . The scalar products

presuppose the given isaorpbism.) Then

(3.3a)

i s Integrable, with reference to the Eteflnitions 1 and 2, (For I , one has

convergence for the naarimni foully CL\ The result log phase-spnee integral i»

The differential operators like D- = <̂ E , &/&V ^ are in the sense

of Gateau. However here their action i s algebraic, and tr iv ia l . He should

also note that F i s the Fourier transform of the distribution

(3.U)

where *0(5') i s the fi-measure at 0 of ff , Equations (3.3) can be

expressed in terms of ii_ as follows:

The last functional integral yields Just e < 5 ' * 5 ' / / 2 i l c g"1 <5 ',G*> ,

cf. (3.3b).

Suppose now that 1. = 0 (with the empty product being unity). JSien F

depends only on C, and the evaluation at I (f) agrees with that given ia

, In: terms at as Integral o*er- W* have therefore;

Corollary 5. let t • 0 In Proposition k; so that F.ia indepeodettt

of 5 . Then,

(3.6)

(Ibe last integral coarerges as I(F) with reference to S, and also in J(F}.)

Let us return to Proposition -̂ Ve prov« i t in Appx.A. The choice

of the measure 6 Q ( C ) for off • simplifies the manipulations, but we "believe

that (3.5) would hold also i f a more general measure vfs' .g') is allowed

ia f3.fc).

We also believe that a l l the evaluations of [63 and [9] can be extended

to integrals over phase space, at least in the trivial way shown in (3.6).

I . e . , let FCS.C) be defined as equal to the old F(£), independently of ? ,

and ve expect that the phase-space integral should reduce to the original

integral over also say: The phase-space integral should"

be e^ual to -$he corresponding iterated integral J5!)U) *"(C) U ^ ) ( s ) - - - ] -

However, Proposition k extends a Feynman-type integral over %. in a

non-completely-trivial way .and various evaluations of [8] and [9] should

allow such extensions as well.

k. quantization

The path-Integral over phase space suggests an approach to the problem of

quantization, i . e . to the problem of assigning quantum-mechanical operators to

classical ent i t ies . We give first a short heuristic analysis, following [ 3 ] ,

• In Eq..(l»b) of [ i l ] , ( - l ) n should be replaced by ( - l ) n .

1O



and will then follow with soire ~* porous considerations. For brevity in wr! tL

ve consider a particle on R .

The action for a system under discussion can be written as

so that

;S > J

tu.z)

If.we now construct a functional integral and interchange operations, then we

obtain

(It.3a)

-i ' fa4&{t,V )0> ? ' )= " 5 T

The last two equations provide a basis for the correspondence

, - i \ « H(t) .

df H depends onMe emphasise that this argument Is only heuristic. E.g., I

q through V(n(t)).

We should like to make the following observation about the integrals in

(It.3). None onmutat lvl ty of p and q. should have i t s counterpart in path

integrals, and p(t ) , H(t) might not be meaningful. Therefore, we have to be

prepared to replace in these integrals p ( t ) , H(t) by p( t -e ) , H(t-e) where

e "is 0 afterwards, or to-lntroduce other modifications.

11

A net.I for modification in fact appearr, vhea we aci-utinize Ct.3) from

the point of view of the Hilbert spaces , in preparation for a,

rigorous analysis. The quantity q = n(t) can be written aa a scalar

product, and ao ia meaningful in the context of Indeed i f we set

( I f . 5 )

then

(For R11, we hav« to ut i l ize also scalar products in Rn, e.g. e-J)(t).

Consequently, 3 = 3 . also has a meaning in the context of Iff ,

namely, as the Gateau derivative ^ 6 ,S/£n S . On the other hand, p( t ) and

H(t) , occurring In (1.3), do not have such a meanLng. In view of th is

circumstance we expect that the usual p-q symmetry wil l have to be altered.

The following lemma i l lus t ra tes this point.

Lemma 6. Let the potential be of the form

>"3

where v sat isf ies

(it.Tb)

Then,for small t,



The phase-apace integral converges as I or as J . In the former case,

the reference family is ff(P) , where f projects onto the subspacft of linear

functions in Jf , or, of constant functions in ?(„• Cf. (2.6) and C*-5).

By requiring that all projections P^ satisfy Pfe SJ.P, we can handle the

S-function in (U.7) in a simple way. We can also say: convergence of the

phaae-space integral could tie deduced from Proposition h, except that this

proposition does not envisage 6-functionB. We therefore compensate for the

6-function by requiring P ^ P.

Outline of proof: The possibility of expressing exp(-i j dT V) as the

Fourier transform of a measure on yf which is sufficiently strongly bounded

is discussed fully in [ l l ] . Convergence of the phase-space integral in [k-.fi)

therefore follows from the above remarks. To prove the lemma now requires, in

essence, Justification of the interchange of operations, and the estimate of

1 3 . The validity of interchange, like integrabillty, follows from the
1

boundednes3 of the measure. We turn therefore to the action of i ^ .

After removing the 6-function we obtain an intergal for G as In (l . lb).

The quantity q = n(t) occurs there in <p,n ^ and in dr V. The

decomposition of ^p,n

Cl-P) *}{n takes the following form:

into contributions fron the spaces f ^ ana

1 \ • ' - *• 1

"•cjj[*. * f <&t-a(r)j + (terms independent of q) (U.9)

since on (l-P) ^ n(t) = 0. Applying ±~Xi to e
i<V>n> willn q

therefore yield the phase-space integral in (U.S).

Moreover, in view of Ct.6), the action of 1~H on the potential

factor yields

13

The condition (U.Tb) implies that 7' ia bounded, while 0 < a < t

Since the path-integral reduces to a measure-theoretic one, we conclude that

I eu V M - v t f U 2 ) . ( D ) .

By employing a composition law for G, i t might be possible to prove that

i~^3 G can be estimated by:

We do not pursue here the problem of Justifying this estimate.

Let us atill return to (I*.3b), where we have H(t) in the (heuristic)

integral. We note that p 2(t), even if averaged over time as in (U.8), would

not be an integrable functional. Therefore, an analysis such as preceding

would not apply.
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Appendix A: Proof of Proposition It

The following evaluation v i l l be basic for us:

(A.l)

At the heuristic level, A could be any number, real or complex, or > more

generally, a symmetric operator. The implied integration is over a suitable

real space of the x ' s , but tf could be real , or complex. If A and/or <p

are complex, then the scalar product must be understood a3 bi l inear , or

symmetric (but not hermitian). The assumed normalization in (A.l) Is such

that for f = 0, the integral yields unity.

As Eq.. (3.5) shows, the proof requires in essence , the Justif ication of

the interchange of order of operations. The derivatives are essentially

algebraic here, and can be ignored. (The polynomial growth which they imply

can be accomodated, in view of the hypothesis on the measure.) Integration

over Q' i s also t r i v i a l . Only integration over ( ' needs some discussion.

We consider f i rs t Definition 2, and we evaluate J(b,o;b ,cto;b ;F) by a

two-fold application of (A.l) , with F(C,O = exp(i ^,Z,Z'*?)} independently

of ^. In this case the evaluation can be readily Justified, and we obtain

V l t>o,«.) b | ; F) =

wher

(A.2a)

<A.2b)

The evaluation (A.2) clearly has the desired analytlclty properties, and

analytic continuation in b to i/x is immediate. In order to justify the

passage to the limit b,b + 0 inside the £'-integral, it suffices to show

that this J is bounded (as a function of £'). Note that the exponential

involving and is irrelevant.

15

If Im K > 0, then we have a damped Gaussian which remains damped also

as b,b -»O. Similarly, if Re \>, Re bQ > 0 then we have a damped Gaussian.

In a l l these cases J is a bounded function of V • Therefore i t suffices

for us to consider the case K real (j< 0) and | b | , [bQ| < « for some

sufficiently small 5.

We observe that if Re b , Be bQ > 0 then

Ra[b + (b0-cA)-'r' > 0 , (A.

but we need a more sensitive bound. We use the criterion for continuous

differentiability of a function (cf. e.g. [12]), in the following Torm:

(A.M

where £ - * 0

Be f(0) - 0,

b,b -• 0. Take f = [b + (bQ + I/K)"
1]" 1, and since

The two derivatives in question axe

(A.6)

The hypothesis of a nontangential limit allows us to restrict b,bQ to values

which satisfy

(A.7)

for some y,y > 0 (and of course < 1). Since E can be made arbi trar i ly

small by restr ict ing b , b to sufficiently small values, we may conclude:

(A.8)

16



provided | b | , |b | < 4 , vhere a and 6 are some quantities > 0. The

last inequality implies

(A.9)

The integral J also contains a factor of the form exp[g(b,b ) ^ £ ' ,

which could be ejcponentially growing. However, by employing an argument

similar to the previous one and by restricting |b| , |b | sufficiently, we

can bound this factor by

(A.10)

for some new vector • ' . The product of the bounds In (A.°) and (A.10) Is

obviously bounded by a constant, also as b, b -* 0. This completes the proof

of iategrabllity for Definition 2.

For Definition 1, we observe that the bound Just obtained will necessarily

apply to the evaluations aetermined by projections P, . Therefore, v« are

able to take lim(J —* °°) inside the y-integral. The limit as b, *> -+ 0

can then be taken, as before. •

IT

APPENDIX B: The nont an^ent 1 al

In this article, as well as in [8] [9], nontaagentia! limits vere assumed

in the definitions. One reason for considering such limits rather than simply

b VO (along S+) comes front path integrals over phase space. Consider Eq.(2.2).

If we set there a = a = 0, i f F la independent of v, and if we do the

v-integration^then we obtain

J/H* V*
(B.l)

We see that we can restrict the limits to those along the real axes by taking

first b Q \ 0 and then b \ 0. However, it seems useful to allow also for

other ways of approaching b « b Q • 0, and the coefficient [b + ... ] will

then vary along complex directions.

If we have a function f[b) defined in the right-half-plane c£, then

the following conditions are sufficient for a (unique) nontangential limit at

b = 0: ( l ) the existence of the limit along any nontangential curve,

(2) analyticlty In C>t (3) boundedness in I / l C ^ , where H i s any

neighbourhood of 0.

1° [3] [9] the third condition, that of boundedness, vas not adequately

incorporated into the discussion. However, the proofs of loc. c i t . do not

require revision, since the necessary boundedaes3, or the nontangential limits

themselves, were established as needed..

18



References

[ l l B.P. Peymnan, Phys. HeT. 8U_, 108 (1951), especially Appx.B.

[2] A.A. iaSSeeb, Teop. MaT. *uJ. 1_, 3 (1969); t ransla t ion: L.D. Faddeev,

Teor. Mat. Fiz.JL, 1 (1969).

[3] A. Katz, Classical Mechanics, Quantum Mechanics, Field Theory (Academic

Press, New York and London, 1965), especially Sees.13-19.

[1*] G. Kosen, Formulations of Classical and Quantum Dynamical Theory

(Academic Press, New York and London, 1969).

[5] C. Garrod, Rev. Mod. Phys. 38, U83 (1966).

[61 K. Gawedzki, Repts. Math. Ehys. 6_, 327 (197U).

[7] J . Tarskit in Complex Analysis and I t s Applications, Vol.I l l (IAEA, Vienna,

19T6), p.193.

[8] J . Tarski, in Feynman Path Integrals - Proc. Marseille 1978, Eds.

S. Albeverto, Ph. Combe, H. Hoegh-Krohn, C. Eiideau, M. Blrugue-Collin,

M. Sirugne and H. Stora (Springer-Verlag, Berlin-Heidelberg-Meu- York,

1979; Lecture Sotes in Physics 106), p.25lj.

[9] J . Tarski, In Functional Integration: Theory and Applications (Proc.

Louvain-la-Ifevue, 1979), Eds. J-P. Antoine and E. Tirapegui (Plenum

Press, Sew York,19SO), p.1^3-

[10] I . I , Priwalow, Randeigenscliaften Analytischer Funktionen, 2nd edition

(VEB Deutscher Verlag der ttissenschaften, Berlin, 1956), especially

pp.18-19.

[11] H.P. Berg and-J. Tarski, J . Phys. A: Math. Gen. lA, 2207 (1981).

[12] S. Lang, A Second Course In Calculus, 2nd edition (Addlson-Wesley Publ, ,

Co., Beading, Ma3s.,196B), especially p.368.

19

IC/81/29 ' N.S. CRAIGIE and J . STERN - Sum rules for the spontaneous chiral"-symmetry
breaking parameters of QCD.

IC/81/86 Y. FUJIMOTO - Induced Yukawa coupling and f in i te mass.
INT.IffiP.*

IC/81/92 I.A. ELTAYKB - On the propagation and s t ab i l i t y of wave motions in
rapidly rotat ing spherical shells - I I I : Byfiromagnetic three-
dimensional motions.

IC/81/93 T.S. TODOROV - On the commutativity of charge auperselection rules in
standard quantum field theory.

IC/81/9U RAJ K. GUPTA - Elements of nuclear physics.
I N T . K E P . * • • •

IC/81/95 Conference on Differential Geometric Methods in Theoretical Physics
(30 June - 3 July 198l) - Extended abstracts.

IC/81/96 S. RAJPOOT - Parity violations in electron-nucleon scattering and the
SU{2) * SU(R)_x U(l). _ electroweak symmetry

L K L+K

IC/81/97 M.K. El-MOUSLY, M.Y. El-ASHRY and M.H. EL-IRAQI - Modified basin-type
INT,REP.* solar s t i l l .

IC/81/98 M.D. MIGAHED, A. TAWANSI and N.A. BAM - Electrical conductivity in
IHT.REP.* polyaerylonitri le and perbunan.

IC/81/99 M.D. MIGAHED, A. TAWANSI*AMD N.A. BAKR - Dipolar relaxation phenomena
INT.REP.* and DC e lec t r i ca l conductivity in perbunan films.

IC/81/100 O.A. OMAR - Photo-response spectrum of surface harr ier diode3 on G a A s i _ x
p

x

INT.REP.* mixed c rys ta l s .

IC/ei/101 M.K. El-MOUSLY and ti.K. MINA - Photocrystalliaation of a-Se thin films.
INT.REP.•

IC/81/1O2 M.K. El-MOUSLY and N.K. MINA - DC conductivity of a binary mixture. "
• INT.REP.*

IC/81/103 M.O. BARGOUTH and G. WILL - A neutron diffraction refinement of the crystal
IHT.REP.* structure of tetragonal nickel sulfate hexahydrate.

IC/8l/ lcV BOLIS BASIT - Spectral characterization of abstract functions.
INT.REP.*

IC/81/105 G. DENAEDO, H.D. DOEBNER and E. SPALUCCI - Quantum effective potential
in S1 x R3 .

IC/81/106 E. WITTEH - Mass hierarchies In supersymmetric theories.

IC/81/107 C.R. GARIBOTTI and F.F. GRINSTEIK - Hecent resu l t s relevant to the
evaluation of f ini te ser ies .

IC/81/108 F.F. GRINSTEIH - On the analytic continuation of functions defined by
INT.HEP.* Legenare series ,

IC/Sl/109 P. BUDINICH and P. FURLAII - On a "conformal npinor field equation".

* Internal Reports: Limitetl Distribution.
THESE PREPRINTS AEE AVAILABLE FROM THE rUBLICATIOKG OFFICE, ICTI\ PO BOX 586,
I-3I4IOO TRIESTE, ITALY.

. t 5' • • • • - 4



IC/tJl/110

ic/fli/ni
INT.REP.*

IC/81/112
IC/81/113
IHT.REP.*

IHT.REP.*

IC/81/115

IC/8l/ll6'

IC/81/117
IHT.REP.*

IC/81/118

IC/81/119

IC/81/120

IC/81/121

G. SEHATORE, P.V. GIAQUINTA and M.P. TOSI - Structure and e lect r ic
res i s t iv i ty of dilute solutions of potassium halides in molten potassium.

BGLIS BASIT - Unconditionally convergent series and sutspaces of 1^(0,1).

B. HARISON - QCD sum rules for pseud'oscalar mesons.

M.P. DAS - An atomic impurity in a high density plasma.

M.A. KENAWY, T.H. YOUSSEF, F.A. SAADALAH and M.B. ZIKBY - Relaxation
spectrum of deformed Cu-8.8 wt pet Zn.

F. BAYEB and J. NIEDERLE - Localizability of massless particles in the
framework of the conformal group.

H.D. DOEBNER,. fi.'STOVICEK and J. TOLAS - Quantization of the system
of tvo indistinguishable particles.

M. AHMED - Average metastable states and internal' fields in Ising spin
glasses.

t

K. AKAMA and H. TERAZAWA - Pregeometric origin of the big bang.

V. ALOHSO, J. CHELA-FLORES and R. PAREDES - Pairing in the cosmic
neutrino background.

S. HARISON - QCD SUM rules of the Laplace transform type for the gluon
component of the U(l), meson ma.ss,

M. SALEEM and M.A. SHAUKAT - Study of the reaction u~p + un in the
15-hO GeV/c momentum range.

IC/81/122 M.A. RASHID -Expansion of a function about a displaced centre.

IC/8I/I23
IHT.REP.

IC/81/12U
IHT.REP.*

IC/81/125
'INT. REP.*

J.E. KIM - Natural embedding-of Peccei-Quinn syametry in flavour grand
unification.

FARID A. KHWAJA - Short-range order in alloys of nickel vith the
elements of group VIII of the periodic table.

BOLIS.BASIT - Unconditionally convergent series in the apace C(Q).

IC/81/127

IC/81/128

IC/81/129

IC/Bl/130 A. BREZIHI and G. OLIVIER - Self-consistent study of localization.

SOE YIN and E. TOSATTI - Core level shifts in group IV semiconductors
and semimetals.

SOE YIN, B. GOODMAN and E. TOSATTI - Exchange corrections to the bulk
plasmon cross-section of slow electrons in metals.

SOE YIH and E. TOSATTI - Spin-flip inelastic scattering in electron
energy loss spectroscopy of -a ferromagnetic metal.

IC/81/131 M. APOSTOL and I, BALDEA - Electron-phonon coupling in'one dimension. "
INT.REP.*

IC/81/132 D. KUMAR - Fractal effects on excitations in diluted ferromagnets.

IC/81/133 A. SMAILAGIC - Psetidoelassical ferraionic model and classical solutions,
IST.REP.* •- ;••"-

IC/81/131* A. SMAILAGIC - Quantization of the Thirring model around neron solution.

IC/81/135 ABDUS SALAM - Proton decay as awindov on highest energy physics

IC/81/136 S.S. AHMAD and L. BEGHI - Analysis of the energy-dependent single
separable models for the NN scattering.

IC/81/13T E.K. GUPTA, S. AROUMOUGAME and N. MALHOTRA - Adiabatic and sudden
IHT.REP.* interaction potentials in the fusion-fission of heavy ion collisions:

Asymmetric target projectile combinations.

IC/81/138 J.E. KIM - Reason for SU(6) grand unification.

IC/81/139 M.D. TIWARI and H.H. MEHDE - Phonon heat capacity and superconducting
transition temperature of dilute solutions of KT, Ta and W in V.

IC/8I/1U0 F.A. KHAMJA, M. IDREES and M.S.K. RAZMI - One parameter model potential for
•INT.REP.* noble metals.

IC/8l/ll»l J. CHELA-FLORES and H.B. GHASSIB - A tensperature-dependent theory for
INT.REP.* He II: Application to the liquid structure factor.

IC/8l/lU2 AHMED OSMAH - Coulomb effects in deuteron stripping reactions as a
three-bodied problem. j

IC/8l/ll<3 PENG HONGAN and QIN nANlftJA-- Lepton pair production In aeep inelastic
scattering of polarized particles. I

JC/8l/ll»l| M. SAHIULLAH and MUBARAK AHMAD - 0(S) x 0(5)R
 x Utl.)y. electroveak gauge

theory and the neutrino pairing mechanism. ,.

IC/8l/lll5 S.H. MAKARIOUS - A numerical solution'to the radial equation of the tidal
wave propagation.

IC/Bl/llt6 LEAH MISRACHI - On the duality transformed Wilson loop operator.

IC/8l/ll»7 AHMED-OSMAH - A cluster expansion for bounded three-alpha particles as
a three-body problem.

IC/8l/lU8 E. TOSATTI ana G. CAMPAGNOLI - Charge superlattice effects on the electronic
structure of a model acceptor graphite intercalation compound.

IC/81/1U9 S.H. MAKARIOUS - Helmholtz equation ana WKB approximation in the tidal
wave propagation.

IC/81/150 DANA BEAVIS and DIPIH DESAI - Diquark fragmentation in leptoproduction
of hadrons.

IC/81/152 W. FUHKANSKI - Scaling violation in QCD.

IC/81/153 A. TAWANSI and Y. EID - Pqtassium borosilicate glasses: Phase separation'

INT.REP.* and structon types. %




