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ABSTRACT

Extending the concept of the dynamical symmetry, we identify the Lie superalgebra

Gl( 2 /2) as a dynamical (super-)algebra of a class of non-canonical quantum systems, whose dy-

namical variables and quantities can be realized in terms of the Gl( 2 /2) -generators. In this way, a

new class of harmonic oscillators is established. As a consequence of the choice of the dynamical

variables the Heisenberg algebra and the Hermitian condition for the Gl( 2 /2)-representations arc

also given.
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1.Introduction
The evolution of a quantum mechanical system is described by the Schrodinger

equation:

ih (l . i)

where H is the Hamiltonian of the system, which for n particles has the form

In ordinary canonical quantum mechanics the positions fl; and their conjugate mo-
menta p^ apart from the Heisenberg- and Hamiltonian equations, also obey the
canonical commutation relations. Non-canonical quantum mechanics is characte-
rized by the departure from the latter'1 •*•*•*]. Here we consider systems whose po-
tential U is only a function of the relative positions and momenta. Then the above
Hamiltonian is reduced to the form:

H = HC (1.3)

where HCM ls the Hamiltonian of the center of mass motion, Hint is the Hamil-
tonian of the system in the center of mass frame. By definition the system under
consideration is conservative and we therefore shall not be paying attention to the
Hamiltonian HCM, for it describes a free motion of the center of mass. In such a
way a two-particle problem can be reduced to the single-particle one in the center
of mass frame. Henceforth instead of Hint for the sake of simplicity we shall write
H only as follows:

= 2M ( l M (1.4)

where p and q are the relative position and momentum respectively, while ft is the
reduced mass.

The equations (1.1)-(1.4) not always can be solved exactly, but if it is possible
then there exists a finite (largest) set of operators which leave the above equations
invariant or in other words, commuting with the Hamiltonian they act irreducibly
on the space of all states (wave functions) of the same energy. These operators form
an algebra of the so-called (maximal) symmetry (or dynamical degeneracy) group
of the considered system l4>E<sl (For a quasi-exact ly solvable system the algebraiza-
tion is possible only on a finite part of the whole innumerable space of all states
1*1). To get from one value of the energy to another, i.e. to pass through different
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irreducible representations of the dynamical degeneracy group one needs a number
of new operators called intertwining (or transition) generators. They together with
the generators of the dynamical degeneracy group generate a larger group - the
dynamical spectrum generating group I*1*'6! being usually a non-compact one and
containing the dynamical degeneracy group as its subgroup. In such a way acting
indecomposibly on the Hilbert space of the system's states the dynamical spectrum
generating group allows unifying atl stationary energy levels in one multiplet I4'5'6!.
Due to their symmetry properties the harmonic oscillators, the hydrogen atom and
etc. are ones of the few quantum mechanical systems whose explicit solutions are
obtainable algebraically without taking recourse to the Schrodinger equation. The
algebraic approach is advantageous in the sense thai,in order to solve such a prob-
lem one needs not necessarily know the wave functions explicitly. In this approach
the Hamiltonian and indeed, any other dynamic quantities turn out to be elements
of the enveloping algebra of the dynamical group l^Bi6l.

The discovery of Supersymmetry'*' made it possible for one to consider phy-
sical systems with hitherto unthinkable symmetries which lead to unorthodox spec-
tral properties '"I The most fascinating of all properties of the SUSY is the fact
that different statistics are put under one and the same roof. The subject-matter
of this paper is to consider the question of how a super group like the GI(2/2)
can become a dynamical (degeneracy or a spectrum generating) one. In particular
we shall investigate the dynamical-symmetry properties of a two-particle quantum
system, generally speaking, an anharmonic oscillator. The oscillator only becomes
harmonic under certain conditions, then the group Gl(2/2) acting indecomposibly
on the oscilattor state space, describes its dynamical symmetry. Our quantum sys-
tem, in fact, represents a Wigner system in the sense that its fermion dynamical
variables {positions and momenta) realized in terms of the odd Gl(2/2) generators
obey non- canonical commutation relations. In the aspect of the realization of the
fermion dynamical variables called in '*' as internal ones our present investigation is
along the line of Is' but with a wider symmetry which could, for example, include the
isospin symmetry. To this end, apart from the Gl(2) already considered in '*', we
introduce yet another Gl(2), whose SU(2) subalgebra for instance should generate
the isospin of the particles. Yet another significant difference between the Wigner
quantum system in 'sl and our system here is that the latter includes the real or-
dinary (or external,if we want) particle motions, which are quantized canonically.
In such a way we investigate not only a fuller scheme of particle motions but their
dynamical-supersymmetry properties.

The lay-out of the paper is follows: Section two presents the basic ideas under-
lying our approach and the system under consideration. In section three we try to
open some way leading to the identifying Gl(2/2) as a dynamical group. The spec-
tral structure is studied in section four. Having realized the dynamical variables in
terms of the Gl(2/2)-generators and indentified the dynamical group we then have

ffl^pW^^Hw <jf •*•*
(ft.

to sort out those representations in which our operators are self-adjoint. This to-
gether with the Heisenberg algebra are consequences of the choice of the dynamical
variables and constitute the content of section five, while section six contains the
concluding remarks and comments.

2.Generalities

We consider a supersymmetric two-particle system which in the centre of mass
reference frame can be reduced to a single particle system. Henceforth we shall
confine ourselves to this frame. The motion of our particle is characterized by its
position in the phase "superspace", a space which is a direct product of the boson
and the fermion parts. Therefore the motion of the particle , by convention, can be
considered as being made up of two motions, one in the boson - and the other in
the fermion spaces. This reminds us of the decomposition of superfiels describing
the supermotions, in powers of the fermionic coordinates where the coefficients, the
ordinary fields, describe ordinary motions. In this way the Hamiltonian H can be
written as a sum of two Hamiltonians:

H = Hf + H-L. (2.1)

Put otherwise, this means that the motion of the particle in the boson space is
degenerate relative to the motion in the fermion space, and the otherway round.
The mechanics in the even space is well studied and shall be left out of account.
The most general Hamiltonian H\ in our case is

' + (2.2)
meZ+

and iwhere diag{ai) = ^ and n is the reduced mass. Here amplm and etc. are short-
hand notations for o,°'" .(^"P^piV-Pwl a n d e t c> respectively. The matrices a, 0
and i, of course, are all real. The momenta and coordinates could carry more in-
dices characterizing the symmetry of the system and wherever such indices happen
to appear in (2.2) summation should be carried out. Bellow, written all as lower
indices and characterizing two Gl(2)-symmetries, they can accept values of o, b,...
= 1 or 2 and i,j,... = 3 or 4.

In studying a particle possessing, for example, spin and isospin symmetry, it
should be taken into account that it belongs to some multiplet having SU(2) xSU(2)
as the minimal symmetry, generators of which leave the Hamiltonian ffc invariant.
The latter, SU(2)xSU(2), symmetry can be extended to the larger Gl(2)xGl(2)
symmetry1, as a result of that Gi(2)xGI(2) acts ureducibly on every such a mutti-

1ln general, we have ill mind the Gl(2,C)xG](2,C) symmetry and we can include the Lorenti
group S1(2,C) into the game



plet, which, however,consists of either only bosons or only fermions but never both.
Supersymmetry helps us to unify these (boson ic and fermionic) rnultiplets as subsu-
perstates (henceforth substates) in so-called supermultip lets. Thus supermultiplets
are reducible under actions of the even group (in this case the Gl(2)xGl(2)) but
are irreducible with respect to the corresponding supergroup. The transition from
one state to another can be affected by means of a number of elementary transition
operators, which, of course, are fermion operators and belong to the spinor (funda-
mental) representations of the even group, Gl(2)xGl(2)3. These operators, which
are generally known as odd generators together with the even ones, the GI{2) xGl(2)-
generators, span the Gl(2/2) superalgebra. Here the even Gl(2)xGl(2), leaving Ho

invariant is interpreted as the dinamical degeneracy group (or an invariant one as
called by some authors (see references in '4|S'6')), while the Gl(2/2) is the dynamical
spectrum generating group. Due to the nilpotency of the fermion transition opera-
tors the spectrum space will be finite if one can find a finite dimensional irreducible
Gl(2)xGl(2) substate (henceforth state). This then means that there should be a
state which is annihilated by some of fermion operators and a dual state annihi-
lated by the remaining fermion operators. In the representation theory the former
state is called a highest weight vector and its annihilators are positive root vectors,
while the latter state is referred to as a lowest weight vector and its annihilators are
negative root operators. The lowest weight vector is usually in physical literature
referred to as a vacuum state in the representation of annihilation- and creation
operators. Consequently, according to the construction the finite spectrum to our
system is equivalent to the finite-dimensional irreducible induced representation of
the Gl(2/2) (10', which by implication is either its degeneracy- or spectrum gen-
erating group. Various realizations of the dynamical quantities, for example, the
Hamtltonian, position- and momentum operators lead to inequivalent mechanics.
At times Gl(2/2) is the degeneracy group and at times - the spectrum generating
group. It turns out that there are such realizations, which lead to systems remi-
niscent of generalized harmonic oscillators. However, most of the ensuing systems
happen to be noncanonical quantum systems. A "non-canonical" variant of the
Witten superquantum mechanics can also be realized in terms of the Gl(2/2) gen-
erators.

3.Gl(2/2)-dynamlcal symmetry and some concrete realizations
In this section we shall indentify Gl(2/2) as a dynamical group and give some

interesting concrete its realizations. However, we haste to caution that the said
realizations are far from being exhaustive. As remarked in the previous section tak-
ing for our vacuum an arbitrary Gl(2)xGl(2)- irreducible state which is annihilated
either by the positive root vectors (or by the negative vectors) we can construct

sMore precisely, ita special subgroup Sl(2)xSl(2).

a finite superspectrum by means of monomials of the remaining class of the root
vectors. As far as the construction of the finite demensional irreducible represen-
tations of Gl(2/2) is concerned, this is extensively elaborated in [|0L What then
remains for us to do here is just to append the physical interpretation to them.
In the above mentioned reference, the Gl(2/2)-module is decomposed into a direct
sum of irreducible Gt(2)xGl(2) modules

(3.1)

Every V* which herein will be referred to as a (super-)substate is Gl(2)xGI(2) ir-
reducible and is an ordinary motion state. The way, the Gl(2/2) representations
are constructed in reference'10', serves as a pointer that we should take Vo for our
vacuum. This then shows that the odd generators eij,ej5,<:u and eu (resp. esi,
ej2> *ii &nd e«) fill in for the annihilation (resp. creation) operators. By sheer fate
the oscillators have often been the "guinea-pigs" on which new physical ideas are
tested'1'2'3'4'616'9111'. If keeping with the practice in treating harmonic oscillators, we
realize the position- and momentum operators in terms of the odd generators as
follows:

«(«) =

and

(3.2.a)

(3.2.6)

here the "frequencies" u^ are real and in general not equal each to another, where
a = 1, 2 and t = 3, 4. These operators do not satisfy the canonical commutation
relations of the Heisenberg algebra (see sect.5 bellow).

From expressions (3.2), we observe that the pJm can be written in terms of
the fllm, therefore the Hamiltonian (6) is recast into the following form (we slightly
change the notations in (2.2))

= £ + (3.3)

Had this Hamiltonian been for an ordinary system, it would be describing an an-
harmonic oscillator. Our unorthodox case, however, makes an allowance for it to
be taken as harmonic for a rather wide range of values of the matrices a and ().

As is well known, every interaction breaks down symmetry, which should be
present in any theory. For that reason we, from now on, will discard the much more
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complicated interaction terms by confining ourselves only to the diagonal form of
the matrices a and /? in (3.3)3. Then the Hamiltonian (3.3) becomes

H,= £ < W \ (3.4)

because of P^)-1{M) = 0.
Since powers higher than four are not easily tractable and most importantly

do not bring forth any new significant data other than the ones we have up to the
fourth power we forgo including them. Despite the property p2 ex g2, in keeping
with the tradition, we shall not interchange p ! with g1. Fasting all these together
we have (we again change the notations slightly)

„ r_ , j , a „ (3.5)

here we assume o^ = a and ctj = /?. As explained above the matrices a and P have
diagonal forms: diag{a) = ct^) and diag{p) — 0[ai)- It is clear that the Hamiltonian
(3.5) describes a harmonic oscillator if the matrix 0 satisfies the following condition:

for a £ b = 1,2 and i ^ j = 3,4. (3.6)

This harmonic oscillator represents a substitution of, generally speaking, indepen-
dend oscillations on four fermion directions with different frequencies and positive
or negative mass contributions to the effective mass. The latter represented as
something like a reduced mass of these mass contributions may differ from the mass
fi. Depending on the matrices a and p the harmonic oscillations may occur only
in some of fermion directions. With the above choise (3.6) of the matrix 0 the
Hamiltonian (3.5) can be rewritten in terms of the Weyl generators as follows

0=1,5,1=3,4
(3.7)

here / = (en + e23 + eM + eti), while the f's and the rj's can be easily written down
as functions of a's and /?'s. The two last terms in (3.7) remind us of two separate
U(l,l)-dynamical oscillators with frequencies IJ, and rjr resp.. investigated already
very early by many scientists'416'11!.

Let us now take a J7(2)jxt/(2)r-harmonic oscillator state for the vacuum Vo,
representing two independent ordinary (left- and right-) E/(2)t(r)-harmonic oscilla-
tions with fixed Fock particle numbers ni(r), rej(rj 6 Z+ and frequencies wj(r). As
is well known the U(2)-generators An, k,l = 1,2, can be expressed in terms of the

Note that the indices of these matrices arc double ones (a,i).

Weyl Gl(2)-ones eu (see, for example, I6'):

Atk = e*i, Au = («« + ««). A'kl = i(«w - ells), k < t < 2. (3.8)

The Hamiltonian H$ is written as a sum of two components if(ji(r)> every one of which
is proportional to the first order Casimir operator of the corresponding [/(2)i(r)
algebra4:

£g = hujj{nj + 1) + hwr{nr + 1). (3.9.6)

The eigenvalue Eg of H$ (energy) is fixed in every subspace V*, 0 < k < 15, but
will, of course, change by going through the space W.

Inserting (3.7) and (3.9) in (2.1)

(3.10)

for the solution of the Heisenberg- and Hamiltonian equations we have

with
(3.11.6)

where 6at and 6ti are Kronecker symbols. Every M(ai) is interpreted as effective mass
on the direction (ai) and the corresponding 0(ai) is nothing but the effective (inter-
nal) frequency of the harmonic oscillation along the same direction. Analyzing the
formulas (3.11) we see that the mass î(a;) takes the value of ft only if the condition
'Jfai) = 1(oi) holds and the particle becomes infinitely heavy along the direction (ai)
in which there exists no effective oscillation,i.e. the frequency f l j^ equals zero. The
latter conditions on the frequencies (1 in turn put restrictions on the a's and /J's,
therefore on the f's and ?)'s. The first two and the last two terms in (3.10) have

4 If we take for the ground state a U(2)xU(2)-dynanuca] harmonic oscillator then the Hamiltonian
becomes



the forms of the Hamiltonians of U(2)xU(2)-invariant- and U(2)xU(2)-dynamical
harmonic oscillators respectivelly, while the terms in the summation sign, in gen-
eral, break down the U(2)xU(2) dynamical symmetry and thereby also the Gl(2/2)
dynamical symmetry for arbitrary f's differing from each other. A similar phe-
nomenon for the SU(n)-oscitlators is observed in I"). Although the Hamiitonian
(3.10) contains more information, however, in order to preserve the even subgroup
GL(2)xGl(2) of Gl(2/2) as the dynamical one, here we shall confine ourselves to
some class of the Hamiltonian' parameters.

If we choose the matrix Qi in (3.5) such that for all values of a and t

then

H =

(3.12)

) (3-13)

, - « „ } . (3.14)

The equations of motion (3.11) remain the same but the effective frequencies (l(ai)
become

1(«) = (-l)"m - ( - l ) V + wi - wr. (3.11.c')

One readily sees that the Harmiltonian is factorized into two component ones and
our quantum system seems as if it is composed from two unconnected ordinary
harmonic oscillators.

Up to this juncture we have establised a class of (non-canonical) harmonic
oscillators with the Lie superalgebra Gl(2/2) being dynamical algebra. However,
because of the last two terms in the expression of the Hamiltonian (3.14) the even
subgroup Gl(2)xGl(2), i.e. U(2)xU(2) does not act on every submodule V't as a
degeneracy group but as a spectrum generating one. In order to turn this group,
as demanded, into the degeneracy one at every level we have to put the parameters
rj' equal to zero leading to

H = ftn,(e,, + en) + «„), (3.15.a)

6PYom the eq.(3.10) and taking account of the eq.(3.9') we have a* a rule the following form of
the Harniltoniin

H - fcJ,(=ii ± e n ) + &*,(«„ ± U*) (3."')

here we introduced the notation

(3.15.6)

In other words the fourth power is dropped out of the Hamiltonian expresion (3.5).
The latter Hamiltonian (31.5) brings to mind the situation wherein one is dealing
with two separate harmonic oscillators with frequencies 0 ( and Cl, resp.. Now all
effective frequencies Hjoi) are identical and equal to

It is worth noting that from every Hamittonian like (3.10) we can extract a part
similar to the first term in (3.13), which is interpreted as sum of Hamiltonians of two
harmonic oscillators balancing each another. Scince two oscillators have identical
frequencies they jointly seem do not give any contribution to the effective motion
when out of step although separately they do. Consequently, when all frequencies
W(aj) are equal each to other (and r;' = 0) the Hamiltonian H\ is static at superlevels
and can be partially removed by ^normalizing the supervacuum energy.

Stopping at the Hamiltonian (3.15) we have already got the demanded scheme:
the superalgebra Gl(2/2) as a dynamical superalgebra generates the whole spec-
trum by ac-ting indecomposibly on the supermodule W, while its even subalgebra
Gl(2)xGl(2) acting irreducibly on every submodule Vk, k=0-=-15, which represents
a state space with a fixed energy, is the degeneracy algebra of the ensuing system.

4.Spectral structure
In the Gel'fand-Zetlin basis every one of the above submodules Vk of dimen~

sion dk is characterized by the Gl(2)xGl(2) highest weight coordinates, labelled by
a table of four ordered complex numbers i10'

r tk\-\ i (k) _„(*) m(fc) «_(*)l tA 1 \
IT71' J := [f*13 »''•2S > "*83 > 43 \i \*'*--)

satisfying the conditions m\J — mjj £ Z+ and mJ3 — m i s 6 Z+.
Then the dimension &k) of Vt is expressed by means of these complex numbers as
follows (now and later on the index (k) is omitted for k=0)

10
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while the dimension Dw of W is

Dw =

(4.2.b)

Now for an arbitrary k=0-rl5 one can write the Schrodinger equation (1.1) in the
following formal way

HVk = EtVk, (4.3.a)

HW =

where Ek is the energy, unchanging in Vt

Ek = ftn,(m$

(4.3.6)

(4.3.c)

In the latter formula A, and JVJ*' stand for the called by us super-Fock particle
numbers, which in Vo equal JV/0' = n( and JV,'0' = nT resp.. The total super-Fock
number denned as the sum of JV,W and N^ : A7'*' = A7/*' + N^ = nt + nr, is
constant in the whole W, Since A''*' f 2 being a eigenvalue of the Casimir operator
/ = E?=i «•• equals (m13 4- m !3 + mS3 + r7»43).

Following '1OI we group these submodules V*, k = 0-=-15 in six classes denoted
by Vt, Jt = 0-H6 :

W({m\) = V"o((mls,mis,ms3(mt3J)

•J=0
i

1

n13 - i, mis +

;13 — l , m 2 3 - 1

:is -i,m23 + i

i - 1,

- 2,r

TTii, - j

- J + 2

"is + 1,

' + 1,

, m*3

"»43

">43 +j j )

+ Jl)

+ 1])

11

9 - « - 1, mj , + i - 2, mss - j + 2, m4J + j + 1])

- 2,ma - 2,mM + 2,m4S + 2)).

(4.4)

and the eq.(4.3) is rewritten as follows

HW{\m\) = jBo^odmu.mjs.msj.r
I

with

1

0 ^Vj([m13 - 1, mjj - 1, m« - i + 2, mis + j})

i
J i s - t, m« + I - 2, m33 + 1, m i s + 1])

i=0
I

«i'Vi([mu - * - 1, mu + ," - 2, mM - j + 2,m« + j + 1])
.,,=0

- 2, m n - 2, m s + 2, m i s + 2]),

(4.5.a)

m2J) m4J),

E\ =

- 2)

- 3)

- 4)

3),

4).

(4.5.b)

From eqs.(3.15) and (4.5) we readily see that the energy degeneracy is still
present at every Vk level and even between two classes Vs and Vt. Therefore, the

12



Hamiltonian (3.15) has a wider dynamical symmetry than Gl(2/2) or in other words
the Gl(2/2) dynamical symmetry allows us to include in the investigation scheme
more complicated interactions. In particular, when fij = 0 r we pass into a critical
situation - all states in W have one and the same energy and the Gl(2/2) becomes a
dinamical degeneracy group of the ensuing system, which as remarked above seems
static in the fermion subspace . In the case of the identical ui^) the spectra of q1 and
p1 are also constant meaning that the constituent particles moving with unchanged
relative velocity are at a fixed distance from each other and collapse into a single
particle only in the limit ft = 0. The spectra of other dynamical quantities can
be established without any difficulty. The energy spectrum is graphically shown in
the Appendix. There, without any loss of generality we chose wi > wr, which is
equavalent to fl; > flr.

5.Heigenberg algebra and Hermitian representations of Gl(2/2)
The choice (3.2) of the dynamical variables, which being self-adjoint lead to

Hermitian representations of the superalgebra Gl(2/2), determines the Heisenberg
algebra. The dynamical variables fl(ai) and p(a;) as mentioned above obey the non-
canonical Wigner quantization. This by definition means that our position- and
momentum operators q and p should be such self-adjoint operators, for which the
Heisenberg and Hamiltonian equations are equivalent. These operators do not sa-
tisfy the canonical Heisenberg commutation relations but the non-canonical ones
(no summation)

" «*) + M

(S.l.b)

which can be written in terms of the U[2)i- and U(2), generators (3.8)

(5.1V)

(5.1.V)

(5.1.C1)

The self-adjointness requirement prompts us to identify the Hermitian rep-
resentations. Formula (3.2) tells us that Hermitian representations are those in

13

which the odd generators are self-adjoint. It's common knowledge that in arty Lie
superalgebra one can define at most two different adjoint and so-called superadjoint
operations. Relative to Gl(2/2) this means the following

: - e 0 , (5.2.6)

(S.2.e)

(5.2.d)

By virtue of (5.2) and the explicit generator matrix expressions in ''0| we concluding
that the representations of GI(2/2) are Hermitian of type (5.2.a) and this is achieved
provided the following condition is fullfilled

1 > 0 (5.3)

6.Conclusion

We have studied a two-particle system interacting via an anharmonic poten-
tial. This system in some aspect is a generalization of the harmonic oscillator
considered in '3L The Hamiltonian of the internal motions is polynomial in the
position- and momentum operators albeit only in even powers. The evenness of
the powers is dictated by the fact that we are dealing with "odd" operators. It's
fascinating that such a Hamiltonian seems to encompass a wealth of the recent
trends in quantum mechanics. In this paper having confined ourselves to special
portions of the feasible quantum systems we established a new class of harmonic
oscillators interacting via higher power potentials. It's remark worthy that even
after taking pains to leave out of account the extremely involved motions we end
up with two inte-resting trends, namely the Wigner- and Witten quantum systems.
Instead of (3.2) we should choose other realizations, for example, of the following
form (t ,* j =•- 3,4):

and

'*)]*& (6.1.6)

Then, interpreting the self-adjoint operators q' and the p' respectively as the super-
symmetry spinor generators and covariant derivatives , we have, indeed, a system

14
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resembling the (non-canonical) Witten quantum systems l'*l. In other words (the
indices in (6.1) are omitted) the following correspondence

= Q: {Q,Q}<xH and [H,Q] = 0 (6.2)

is available.
Finally, although the above considered systems are finite-dimensional, due

to their supersymmetry nature every of them contains both bosons and fermions,
being components of the corresponding dynamical superrnultiplet. If instead of
Gl(2/2), which can be extended to Gl(m/n), we took some non-compact super-
group into consideration then the correspondind dynamical system would be not
only supersymmetric but also infinite-dimensional. It is the problem of the further
investigation.

Here for illustration we have considered at the systems starting from harmonic
oscillator "supervacuums". We speculate that a similary programme can be car-
ried out by shooting-off from the hydrogen atom, spin-isospin multiplets and etc..
Using such a "supervacuum" as a target and shooting at it by rays of polarized
St/(2)x£C(2)-spinors produced, for instance, by some accelerator, we could get in
certain conditions supersymmetric particles with energies of the next levels written
down in sect. 5 and shown graphically in the Appendix. This programme is cur-
rently being looked into.
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