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WITT EQUIVALENCE OF RINGS OF REGULAR FUNCTIONS

PRZEMYSEAW KOPROWSKI

Abstract. In this paper we show that the rings of regular functions on two
real algebraic curves over the same real closed field are Witt equivalent (i.e.
their Witt rings are isomorphic) if and only if the curves have the same number
of semi-algebraically connected components. Moreover, in the second part of
the paper, we prove that every strong isomorphism of Witt rings of rings of
regular functions can be extended to an isomorphism of Witt rings of fields of
rational functions. This extension is not unique, though.

1. Introduction

The set of similarity classes of nonsingular bilinear forms over a fixed
commutative ring A, equipped with operations induced by the orthogonal sum
and the tensor product, has a natural structure of a ring. This ring is called
the Witt ring W A of A. The Witt ring encodes numerous information of its
ground ring. Unfortunately the complete theory of Witt rings is known only
over fields (cf. [9, 15]). The theory of Witt rings over integral domains has
been intensively developed since 1970s by many authors (see e.g. [11]). This
case is far more challenging than the previous one. So far the most progress
has been done for Dedekind domains. The ultimate question in algebraic
theory of quadratic forms is: when the Witt rings of two rings A and B are
isomorphic? If this is the case we say that the rings A, B are Witt equivalent.
This problem is difficult even over fields and has been investigated in more
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than 40 scientific papers. So far it has been solved only in a very few cases.
The three main are: fields having no more than 32 square classes (see [2]),
global fields — this area has been most actively investigated in previous years
(see e.g. [12, 16, 17]|) and fields of rational functions on algebraic curves (see
[6, 7, 8]). The pursue for criteria of Witt equivalence of rings has started only
recently (see e.g. [13, 14]).

In this paper we cope with the problem of Witt equivalence of rings of
regular functions on two smooth complete real curves. We prove (see Propo-
sition 4.1) that two such rings are Witt equivalent if and only if the underlying
curves consist of equal numbers of semi-algebraically connected components.
If this is the case, the isomorphism of the Witt rings of rings of regular func-
tions is obtained by restricting the tame Harrison map (see [7] for the defin-
ition) of their fields of fractions. Moreover, we show (see Theorem 4.4) that
every strong isomorphism of Witt rings of two rings of regular functions can
be extended (in a non-unique way) to an isomorphism of Witt rings of fields of
rational functions. The proof of the latter result occupies the subsection 4.1.
The paper is organized as follows. In Section 2 we introduce all the necessary
terminology and gather the needed tools. In Section 3 we present a number
of results concerning the structure of the Witt ring of the ring of regular func-
tions on a real curve. Analogous results have already been presented in [4]
for a Witt ring of a real curve, which is a coarser object. Unfortunately, to
the best of our knowledge, they have never been explicitely formulated for the
Witt ring of a ring of regular functions. Thus, having no convenient source of
reference, wee feel obligated to explicate these results in our setup. However,
as they can hardly be considered new we omit most of the proofs in this sec-
tion. Finally, Section 4 constitutes the kernel of this paper and is completely
devoted to our main results mentioned above.

2. Preliminaries

Let k be a real closed field. It will silently remain fixed throughout this
whole paper. The letters K, L will always denote the formally real algebraic
function fields of one variable over k (in particular tr. deg, K = tr.deg, L = 1).
Let Q(K) be a set of all points of K trivial on k. The completion of K with
respect to a point p € Q(K) is denoted by K, while its residue field by K (p).
The associated valuation is denoted by ordf . Among all the points p € Q(K)
we select those having the formally real (hence isomorphic to k) residue fields.
Following [3, 4] we call such points real and we write vy(K) for the set of all
the real points of K. It is a real algebraic curve over k. The field K can be
treated as the field of rational functions on this curve.
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On the curve v(K) we consider Euclidean topology (see [1]) induced by
the unique ordering of k (note that in [3, 4] this topology is called “strong
topology”). The curve v(K) consists of a finite number of semi-algebraically
connected components vf, ..., vK. With every real point p € v(K) we asso-
ciate two orderings P, (p) and P_(p) of the field K compatible with p:

Pi(p) = {f € K : Byera)aeon f() > 0,

P_(p) = {f € K : () Vae( o /(@) > 0}

(Note that the left/right neighborhoods (p’,p) and (p,p’) of p are relative to
an orientation of the curve v(K), which we assume to be fixed.) This permits
us to introduce the notion of a signature of a square class. Namely for any
square class f € K/K? (to simplify the notation we use the same symbol f
to denote both an element of the field and its square class) we define:

sgnff =<0, ifeither f € Py(p)N—P_(p) or f € —Py(p) N P_(p),
—1, if —f € Pr(p)NP_(p).

(In [3, 4] this function is denoted by 7,.) The following observation is imme-
diate, anyway we formulate it explicitly for future references.

OBSERVATION 2.1. sgnf f =20 1if and only if ordf f=1 (mod 2).

Now let R :={f € K : ordf f >0 for every p € v(K)} be the subring
of the field K consisting of all the functions regular on y(K). It is a Dedekind
domain, hence its Witt ring W Ry injects into the Witt ring W K of its field
of fractions (see [11, Corollary IV.3.3]). In fact we know more:

THEOREM 2.2 (|4, Theorem 11.2|). If the curve v(K) consists of N semi-

algebraically connected components v ... ~K, then the following sequence is
exact:
0— WRxg = WK -2 @ WK(p) 222N 0.
peV(K)

Here ig: WRyg — WK is the canonical injection induced by the inclusion
Rx C K. Neat, for every p € v(K) the map 0,: WK — WK(p) = Z
is the second residue homomorphism associated with p and Ox denotes the
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compound map. Finally @WK (p) = ZOED) and Ag: ZOFE) — ZN s the
epimorphism defined by

A ((ap)per() = (D apy-ons D ap).

pe pevk

In the rest of this paper we tend to identify W Rx with its image under
the canonical injection WRx — WK and so we conveniently treat W Ry as
the subring of W K. Define the subgroup Ex < K/K? by

Ex :={f € K/K?: ordff =0 (mod 2) for all p € y(K)}.
Observation 2.1 allows us to rewrite this condition in the following way:
Ex:={f € K/K?: sgnff # 0 for all p € v(K)}.

Consequently, the signature of the square class f belonging to Ex is constant
on every semi-algebraically connected component 7%. We denote it by sgnX f
(see also Proposition 3.1 below). Now, by Theorem 2.2, a unary form (f) lies
in WRp if and only if it belongs to the kernel of Ok and this is the case if
and only if f is the class of a unit at the completion K, for every p € v(K).
This, in turn, means that f belongs to Ex. So we have:

COROLLARY 2.3. Let f € K/K2 be a square class, then f € Ex if and
only if the unary form (f) belongs to W Rk, i.e.

fE]EK < <f> € WRg.

The above corollary suggests that it may be fruitful to investigate the
subset of W Rk consisting of all the classes of unary forms. Thus, we define

<EK> = {<f> eWK: fe EK} C WRk.

Notice that (Ex) is closed under multiplication but not under addition hence
it is not a subgroup of the “Witt group” W Rk

Now, fix a single point p; in every component 7% of v(K). Recall (cf. [3,
§6]) that for every two distinct points p, q belonging to the same component
v[ there exists an element X, q) of K such that x(, q) is definite on v\ {p, q},
positive definite on v\ v; and fulfills 9px(p,q) = —1, OqX(p,q) = 1. Following
[3] we call x(y,q) an interval function for the pair (p,q). An interval function
is unique only upto multiplication by a totally positive element (see [3, §6]).
Hence, in what follows, for every p,p; € 75, we assume that X(p,p;) 1S an
arbitrarily chosen and fixed interval function associated with the pair (p,p;).
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The group of square classes K / K? may be treated as an Fo-vector space. The
subgroup Eg is its subspace. We identify its completion:

LEMMA 2.4. The Fy-vector space K/K2 decomposes into
K/K? = Eg @ ling,{x(pp,) € K/K* : p ey, 1<i <N}
PROOF. Take any square class f € K/K? and let

K
p1717' .. 7p17n15p2,15 s 7p2,n2)' .. )pN,nNa puj € Yi

be all the points of 7(K) where f has an odd valuation and so changes sign.
Consider now a square class f € ling, {Xp.po) € K/K?:pcqyK 1<i<N}
given by the condition

H X(Pi,j:pi)‘

1<i<N
1<j<n;
Pi,iFPi

Then f changes sign precisely at the same points as f does. Hence the product
f - f has the constant sign on every semi-algebraically connected component.
Thus f- f € Ex. O

Of course the notion of a real curve, semi-algebraically connected compo-
nents, local signatures, ... etc. can be—in the same manner as above—defined
over the other field, which we denoted L. Therefore Q(L), v(L), v, Ly, L(p),
ordL sgn , WRy, Ep, are the L-counterparts of the objects defined above for
K. If it is Clear from the context which field we discuss, we tend to omit the
letters K and L. All the terminology and notation used in this paper and
not introduced so far is standard and follows the convention established by
[1, 3, 4,9, 15]. As it was mentioned before, in order to simplify the notation,
we use the same symbol to denote both an element of the field and its square
class. Likewise, we use the same symbol for a quadratic form and its Witt
class. Throughout all this paper an orientation of v(K) (resp. (L)) is ar-
bitrarily chosen and fixed. Intervals on both curves are silently defined with
respect to this fixed orientation.
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3. Structure of the Witt group WR

We discuss here the structure of the Witt group W R of the ring R of regular
functions on . All the results presented in this section are fully analogous to
the ones presented in [4]. In [4], however, they were formulated and proved for
a coarser group. Thus, we feel obligated to state all of the results explicitly
in our different set-up. On the other hand, since the proofs are completely
analogous, we feel free to reduce some of them to only short sketches and to
omit the rest, giving instead the references to the original theorems.

PROPOSITION 3.1 ([4, Proposition 10.3]). Let ¢ be an element of the Witt
ring WK. If o € WR, then ¢ has a constant signature on every semi-alge-
braically connected component of ~y.

For ¢ denote by sgn, ¢ the signature of ¢ on ~; (1 <i < N).

PROPOSITION 3.2 ([4, Theorem 10.4 (i)]). Every element ¢ of W R is uni-
quely determined by its discriminant disc ¢ and its signatures sgn, ...,sgny
on the components v1,...,vn of .

Consider now a subset S C W R defined
S:={{1,—f): f e ZK?}.

Clearly S is a subgroup of WR. Moreover, 2 - S = {0}. We claim that S is
the nilradical of W R.

ProPOSITION 3.3 (|4, Theorem 10.4 (ii)]). S = NilWR.

SKETCH OF THE PROOF. The inclusion S C Nil W R follows from the fact
that:

NilWR=WRNNIWK ={p e WR:sgn;o=0for 1 <i< N}.

As for the other inclusion, take any ¢ € NilWR. Let (fi,..., f,) be a diago-
nalization of ¢ over the field K. Let further f be the discriminant of ¢. For
every 1 <4 < N we have sgn; ¢ = 0 and hence at almost every point p € v
exactly half of f;’s are negative, the other half is positive. Consequently,
sgn, f = 1 at every p € 7. Thus the Witt classes of ¢ and (1, —f) over R are
equal, but clearly (1,—f) € S. O
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Fix now 21,..., 2y € E such that sgn; 2; = —1 and sgn; 2; = 1 for j # i.

PROPOSITION 3.4 (|4, Theorem 10.4 (iii)]). The fundamental ideal IR <
W R decomposes into

N
IR =P Z[(1,—2z)] & NilWR.
=1

SKETCH OF THE PROOF. Takeany ¢ € IR. Ifsgn, 9o =0foralll <i< N
then ¢ € NilWR. Thus, assume that not all of sgn, ¢ are null. We have
sgn, » = dimg (mod 2) and so sgn; ¢ is even for 1 < ¢ < N. Take now
82’17 ey QZDN defined by the formula

SAOi 1= (sgn; ¢/2) - (1, —z).
Let further 1@ = ngl 4+t QADN. For almost every p € 7; (1 <1i < N) we have
sgn,, disc p = (—1)%" “ sgn,, disctp = sgn,, disc 0.

Therefore discp = g - disc 1&, for some g € ¥K2. Thus, by the Witt theorem
[4, Theorem 9.5] we get

p=1+(1,-g) e @DZ1,—z)] ®NilWR. 0

i=1

COROLLARY 3.5. The Witt ring W R is generated (as a ring) by the set
{(f): feE}L

4. Main results

We are now ready to present our main results. Consider again two formally
real algebraic function fields K, L both having the same real closed field of
constants k.

PROPOSITION 4.1. Let y(K), v(L) be two non-empty, smooth, complete
real curves over a common real closed field k. Then the rings Rx, Ry of
functions regular on v(K), v(L) are Witt equivalent if and only if v(K) and
~v(L) have the same number of semi-algebraically connected components.
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ProOF. Let ®: WRig — WRp be an isomorphism. Then ® maps the
nil-radical of Rx onto the nil-radical of R; and preserves the rank of free
Z-modules. Decomposing now IRy and IRy according to Proposition 3.4
we see that v(K) and (L) must have the same number of semi-algebraically
connected components.

To prove the opposite implication, suppose that v(K), v(L) have the same
number N of semi-algebraically connected components. Every component is
Nash-diffeomorphic to a circle, thus there is a homeomorphism 7': v(K) —
~(L) mapping components of v(K) onto the components of v(L). Using |7,
Corollary 3.9] we may find a tame Harrison map t: K/K? — L/L?, ie. an
isomorphism of square class groups such that
(a) t preserves minus one: t(—1) = —1;

(b) for any square classes f,g € K/K? the form (f, g) represents 1 over K if

and only if (ff,1g) represents 1 over L;

(¢) t maps 1-pt fans of orderings of K onto 1-pt fans of L.

Now [5, Proposition 3.4] asserts that the isomorphism ¥;: WK =, WL of
Witt rings of fields K, L, given by Wy(f1,..., fn) := (tf1,...,tfn), factors
over WRk:

Wy |y p. WRK — WRy. O

It is worth to note that in the above proof we have shown that the iso-
morphism of Witt rings WRyx = W Ry of rings of regular function on real
curves implies the isomorphism of associated exact sequences. Indeed, con-
sider Knebusch—Milnor exact sequences associated to W Ry and W Ry:

Sk: 0—WRg WK 2%, Qwk, 2.7V -0,

Sy, 0—WRy 22 WL ©0r @WLqL)ZMHO.

It follows that if either ends of above sequences are isomorphic (i.e. either
WRyk 2 WRp or N = M) then the whole sequences are isomorphic, as well.

COROLLARY 4.2. Under the above assumptions, the following conditions
are equivalent:
« N=M;
e« WRrg 2WRyp;
o Sk ¥ Sr.

It is worth to stress the point that Witt equivalence of rings of regular func-
tions on two real curves depends solely on the number of semi-algebraically
connected components of these two curves and not on the relative positions
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Figure 1. Curves with Witt equivalent rings of regular functions defined by Eq. (4.3)

of these components, neither directly on degrees of these curves nor on their
genuses. To see this phenomenon clearly, consider two curves (illustrated in
Figure 1) defined by the following polynomials (found using [10]):

2, .2
-2
Co= (v’ +z(z+1))(z* +y*) — % — dxy?,
e
43)  C1=@+2"- 9)(,7;—1—;;70 + (¥ +2* —4)(y* +2° - 1))
2, 4
Yy +ax*—25
+ 100 ’

Both curves consist of three components, hence Proposition 4.1 asserts that
the rings of regular functions on these two curves are Witt equivalent. On the
other hand, the configuration of the components of the first curve is 1111111
while the second curve has a configuration 1(1(1)). Likewise, the degrees of
the two curves differ:

deg Cy =4 # 6 = deg (.

Finally, since both curves are smooth and their degrees differ by more than
one, the genuses of these two curves are different, as well.

Proposition 4.1 is existential in nature—the Witt equivalence of rings of
regular functions implies that the curves have the same number of semi-alge-
braically connected components and this in turn, as we have shown in the
proof of the theorem, implies the existence of an isomorphism W¥; of Witt
rings WK, WL of the fields, which factors over the Witt rings WRg, WRy,
of rings of regular functions. The proposition does not say, however, if the
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restriction Uy ’W Rx is identical to the original isomorphism ® or whether the
two isomorphisms are at least correlated in any way. It is, thus, natural to
ask the following question:

Can the isomorphism of the Witt rings W R, W R, of rings of regular

functions be extended to an isomorphism of Witt rings WK, WL of

their quotient fields?
We do not know the answer to this question in such a generality. However, if
we assume that the isomorphism W Rg =, W Ry is strong (in a sense which
we will promptly define) the answer turns out to be affirmative.

Recall that the isomorphism of Witt rings of two fields is called strong if
it maps classes of unary forms onto classes of unary forms. In our case, when
we deal with projective modules, the notion of dimension of the form is a bit
fuzzy. But the following notion seems to be justified by Corollary 2.3. We
shall say that the isomorphism ® : W Ry — W Ry is strong if it maps (Ex)
onto (Er).

THEOREM 4.4. If an isomorphism ® : W Rk =, W Ry is strong, then
there erists a strong isomorphism ¥, : WK — WL exstending ® (i.e.

\Ijt |WRKE @)

4.1. Proof of Theorem 4.4

Let &: WRg =, W Ry, be a strong isomorphism. Using Proposition 4.1
we see that v(K) and (L) have the same number of semi-algebraically con-
nected components. Denote this number by N. The isomorphism ® is as-
sumed to map (Eg) onto (E;) and so the condition

tf =g <= @®(f) = (g9)

defines a group isomorphism t: Ex — Ep. Observe that ®, being an iso-
morphism of rings, maps nilradical Nil W R onto the nilradical Nil W Ry. It
follows from Proposition 3.3 that ¢ maps YK? C Ex onto XL? C E;. Let
21,...,2N € Eg be fixed in the same way as in Proposition 3.4. The following
lemma shows that they are mapped to their counterparts in Ey.

LEMMA 4.5. For every 1 <4 < N there is 1 < 7 < N such that

-1, fk=y,
sgnﬁtzi:{l z;k#j
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PRroOOF. Take a form (1, —z;). It belongs to IRk and so ®(1,—z;) € IRy.
Thus, using Proposition 3.4, we have

(I)<17 _zi> = ki,1<17 _Zz/'/> T+t ki7N<17 _Z§<f> + €<17 _g>7

where j;1,...,kin € Z, z{,...,z)5 € Er are fixed in the same way as in
Proposition 3.4 but for the curve vy, this time, i.e.:

1, k=],
Sgnﬁz}':{L itk .

Further € € {0,1} and g is a sum of squares. First we show that every k; ;
is either zero or one. Indeed, square the form (1,—z;) in WRg. We have
(1,—2;)% = 2(1,—2;). Now ®, as a ring homomorphism, preserves multiplica-
tion. Thus we obtain:

2ki,1<17 —Z;/> + e+ 2](51"]\]<1, —ZK7> = @(2(1, —Zl>)
= (I)(<17 _Zi>2)
=2k7 (1, —2]) + -+ 4 2k] N (1, —23%).

Therefore k7 ; = k; j for every 1 < j < N and so k; ; € {0,1}.

Now, we show that all but one k; ;’s are null. Suppose otherwise. Let for
some 1 < i3 < N the image ®(1, —z;,) has two non-zero coordinates in the
free Z-module Z[(1, —z})]®- - -®Z[(1, —z};)], then using Dirichlet’s pigeonhole
principle there is another element (1, —z;,) such that ®(1, —z;,) has at least
one the same non-zero coordinate. Let for example

D(1,—z;,) = (1,—z)) + other terms,
D(1,—z;,) = (1,—z.) + other terms.

0= Q)(O) = @((17 _Zi1> ’ <17 _Zi2>) = (I)<17 _Zi1> ’ (I)<1, _Zi2>
= 2(1, —2) + other terms # 0.

This contradiction shows that indeed every (1, —z;) is mapped onto (1, —27) +
(1,—g) forsome 1 < j < N and g € $L? (and for different i’s, the correspond-

ing j’s differ too). Now, we have

0= <17 _Z;‘/> ’ <17 _g> = <1) 17 _Zg‘la _g> - <17 —z;/g>.
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Therefore
<1a _Z;‘/g> = <1) —Z;-I> + <17 _g> = q><1a _Zi>a
and so, by the definition of ¢, we have tz; = 27 g. O

It follows from the above lemma that ¢ induces a permutation ¢ — j =: 7(7)
of the set {1,...,N}. We may treat it as the bijection of v* fyTL(Z.) of
the sets of components of v(K) and v(L). We may find a homeomorphism
T:v(K) — ~(L) such that TyK = ’yf(i). Fix a single point p; in every
component 7% of v(K) and let dr@y = Tp; € ’yTL(Z.). We may now define an
Fy-linear isomorphism #: K /K> =L /L? of an Fy-vector spaces that extends
t. Recall that by Lemma 2.4 we have a decomposition

K/K? =Eg @ ling, {X(pp.) € K/K?:peqyf,1<i< N},
likewise for L/L?:
L/L? = Ep @ ling, {X(pp,) € L/L? :p €9f,1 <i < N}

Let ¢ |EK := t and define £ on the basis of the other summand by the condition:

X (p,pi) = X(Tp,q,)-

By linearity this defines ¢ on the whole Fa-vector space K / K2, Clearly £ is a
group isomorphism and ¢ preserves local signatures in the sense that:

(4.6) Vpew(K)erk/f@ sgnf f= sgm%J ff.
Consequently, ¢ preserves the parity of valuation, as well
Kge_ L
Vper ()Y pek iz 0rdy f = ordp, tf (mod 2).

We claim that ¢ is a Harrison map. Indeed, ®(—1) = ®(—(1)) = (~1) and so
(=1) = t(—1) = —1. For the second condition, take f,g € K /K? such that 1
is represented by (f, g) over K. This means that the form ¢ := (1,—f, —g, fg)
is hyperbolic over K and so it is hyperbolic over every completion K, for p €
~v(K). Take p € v(K) such that neither f nor g changes sign at p-almost every
p will do. The form ¢ is hyperbolic in K, if and only if sgnf f=- sgnf g.
It follows from Eq. (4.6) that sgng if = — sgnqL tg for almost every q € v(L).
Thus, by the means of the Witt theorem (cf. [4, Theorem 9.5]) the form
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(1, —tf, —tg,tftg) is hyperbolic over L. Consequently (ff,fg) represents 1
over L. This proves the claim. It is well known that if # is a Harrison map,
then the mapping (fi,..., fn) — (tf1,...,tf,) is a strong isomorphism of
Witt rings of fields. Denote it W;. It is clear from the construction, that

\I/t ‘WRKE D. O

References

[1] Bochnak J., Coste M., Roy M.-F., Real algebraic geometry, Ergebnisse der Mathematik
und ihrer Grenzgebiete (3), Vol. 36, Springer—Verlag, Berlin, 1998.

[2] Carson A.B., Marshall M.A., Decomposition of Witt rings, Canad. J. Math. 34 (1982),
no. 6, 1276-1302.

[3] Knebusch M., On algebraic curves over real closed fields I, Math. Z. 150 (1976), no. 1,

49-70.

[4] Knebusch M., On algebraic curves over real closed fields II, Math. Z. 151 (1976), no. 2,
189-205.

[6] Koprowski P., On existence of tame Harrison map, Math. Slovaca 57 (2007), no. 5,
407-414.

[6] Koprowski P., Local-global principle for Witt equivalence of function fields over global
fields, Colloq. Math. 91 (2002), no. 2, 293-302.
[7] Koprowski P., Witt equivalence of algebraic function fields over real closed fields, Math.
Zeit. 242 (2002), no. 2, 323-345.
[8] Koprowski P., Integral equivalence of real algebraic function fields, Tatra Mt. Math.
Publ. 32 (2005), 53-61.
[9] Lam T.Y., Introduction to quadratic forms over fields, volume 67 of Graduate Studies
in Mathematics, American Mathematical Society, Providence, RI, 2005.
[10] Computer algebra system: Maxima, ver. 5.17.0, http://maxima.sf.net
[11] Milnor J., Husemoller D., Symmetric bilinear forms, Springer—Verlag, New York, 1973.
[12] Perlis R., Szymiczek K., Conner P.E., Litherland R., Matching Witts with global fields,
In: Recent advances in real algebraic geometry and quadratic forms (Berkeley, CA,
1990/1991; San Francisco, CA, 1991), Contemp. Math. 155 (1994), 365-387.
[13] Rothkegel B., Czogata A., Singular elements and the Witt equivalence of rings of
algebraic integers, Ramanujan J. 17 (2008), no. 2, 185-217.
[14] Rothkegel B., Czogala A., Witt equivalence of semilocal Dedekind domains in global
fields, Abh. Math. Sem. Univ. Hamburg 77 (2007), 1-24.
[15] Scharlau W., Quadratic and Hermitian forms, Grundlehren der Mathematischen Wis-
senschaften, Vol. 270, Springer—Verlag, Berlin, 1985.
[16] Szymiczek K., Matching Witts locally and globally, Math. Slovaca 41 (1991), no. 3,
315-330.
[17] Szymiczek K., Witt equivalence of global fields, Comm. Algebra 19 (1991), no. 4, 1125—
1149.

INSTITUTE OF MATHEMATICS
SILESIAN UNIVERSITY

Bankowa 14

40-007 KATOWICE

PoLanD

e-mail: pkoprowski@member.ams.org





