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In this paper we construct systems of generators for arithmetic
subgroups of algebraic groups.

1.1. Let k be a global field and G an absolutely almost simple
simply connected (connected) k-algebraic group. We fix once and for
all a faithful k-representation of G in some GL(n) and identify G
with its image under this representation. In the sequel we will freely
use results from Borel-Tits [1] without citing that reference repeatedly.
Practically all facts about reductive algebraic groups used are to be
found there. Let S be a finite set of valuations of k containing all
the archimedean valuations and A be the ring of S-integersin k: A =
{x € k|x an integer in the completion k, of k at v for all valuations
v & S}. For asubgroup H C G, we set H(A) = HNGL(n, A). More
generally for an ideal a # 0 in A, we set

H(a)={x€ HA)|x=1 (mod a)}.
We fix a maximal k-split torus 7 in G. We assume that dim 7T > 2
i.e. that k-rank G > 2. Let ® denote the root system of G with
respect to 7. We fix a lexicographic ordering on X (7'), the character
group of 7 and denote by ®* (resp. @) the positive (resp. neg-
ative) roots with respect to this ordering. We also denote by A the
corresponding simple system of roots. For ¢ € @, let U(¢) denote
the root group corresponding to ¢: U(¢) is the unique T-stable k-
split subgroup of G whose Lie algebra is the span of the root spaces
{g"|r integer > 0} (here for y € ®, g¥ = {v € g|Adt(v) = w(t)v},
g being the Lie algebra of G). With this notation our main result is

1.2. THEOREM. The group I'(a) generated by {U(¢)(a)|¢ € ®} for
any non-zero ideal (a) C A has finite index in G(a).

Note. Tits [8] has obtained this result for Chevalley groups. How-
ever the methods of this paper are very different and make no use of
Tits’ results.
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1.3. We denote by U™ (resp. U~) the group generated by U(g),
¢ € O (resp. ®~). For ¢ € @, let G(¢) denote the (k-rank 1)
subgroup generated by U(¢) and U(—¢). We denote by T, the
connected component of the identity in kernel ¢ and by Z(7}) the
centraliser of T4 in G. Then Z(T}) is reductive and G(¢) is its
maximal normal semisimple subgroup all of whose k-simple factors
are isotropic. For a € A let V*(a) (resp. ¥V~ (a)) denote the sub-
group of Ut (resp. U~) generated by the U(¢), ¢ € ®F (resp.
D) = {¢ € O (resp. ®_)|¢ not a multiple of a}. Then V*(a)
and V'~ (a) are normalised by Z(7,). The centraliser Z(7T) of T
normalises all the U(¢), ¢ € @, and hence in particular Ut, U~,
V*(a) and V~(a) for all o € A. We will establish the following

1.4. Claim. Let a be a nonzero ideal in A and (as in Theorem 1.2)
let I'(a) denote the subgroup of G(A) generated by {U(¢#)(a)|¢ € P} .
Then for any g € G(k) there is a non-zero ideal o' (depending on g)
in A such that gI'(a’)g~! c I'(a).

15. Let T = {g € G(k)| for any nonzero ideal a C A, there is a
nonzero ideal o’ C A such that gI'(¢/)g~! and g~'I'(¢)g C T'(a)}. It
is then evident that I" is a subgroup of G(k). Since Z(T) normalises
U(¢) for all ¢ € @, it is easily seen that Z(T)(k) c I'. We will
presently show that U(+a)(k) C T for all a € A. This will prove the
claim since the {U(xa)(k)|a € A} and Z(T)(k) generate all of G(k).
Suppose then that « € A and u € U(+a)(k). Then u normalises
U(p), ¢ € D (resp. ®,). It follows that we can, for any non-zero
ideal a C A, find a non-zero ideal b C A such that uU(¢)(b)u~! C
U(¢)(a) for all ¢ € ®F. If we denote by I',(b) the group generated
by U(¢)(b), ¢ € ®F or @, this means that ul,(b)u~! (C Tu(a)) C
I'(a) . Thus to establish the claim we need only show that for any non-
zero ideal b in A, there is a non-zero ideal ¢ in A with I'(¢) C T, (b)
for all o € A. This follows from the following stronger result.

1.6. LEMMA. Let a, f € A be such that o+ B € ®. Then there
is an element t = t(c, B) in A, t # O such that for any ideal a # 0
in A, the group generated by {U(ra+ sf)(a)|lr-s #0, ra+sp € @}
and Ug(a) (resp. Ug(a)) contains U(a)(ta) (resp. U(—a)(ta?)).

Proof. We treat the case of U(a); the other case, viz. of U(—a),
is entirely analogous. Consider first the case when ® is reduced i.e.
2¢ ¢ ® for any ¢ € ®. Let a, f be as above then the commutator
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map (x,y) — xyx~'y~! of Gx G in G defines a k-morphism
c: U(-B)xU(a+ B) — U(a).

As @ is reduced, U(¢) is abelian and hence k-isomorphic to a
k-vector space and c 1is easily seen to be a k-bilinear map. Let U («)
denote the group generated by Image ¢. Then U.(«a) is a k-algebraic
subgroup—in fact a k-vector subspace of U(«a). Since ¢ is compat-
ible with the action of Z(T) on both sides, U.(a) is Z(T)-stable as
well. It is easy to see that our lemma follows if the following holds:
U.(a) = U(a). In fact one concludes that there is a ¢ € A\{0} such
that U(a)(ta®) (resp. U_o(ta?)) is contained in the group generated
by {U(ra+sp)(a)|r-s # 0} and Ug(a) (resp. Ug(a)). Evidently this
equality holds if the following two conditions are satisfied:

Cl: U(a) as a Z(T)-module is irreducible over k.

C2: The map c¢ is non-trivial.

By using split semisimple subgroups of G containing 7 (Borel-
Tits [1, Theorem 7.2]) one sees easily that C2 fails only if Chark =
(a, a)/(B, B) =2 or 3. When C2 fails and chark = 2 we consider
the k-morphism

¢ U(=B) x Ula +2B) — Ula) - Ula + B) = U*

obtained by restricting the commutator map in G. Now U* is a direct
product of U(a) and U(a+ ) and this direct product decomposition
is compatible with the action of Z(7"). Thus ¢’ may be regarded as
a pair (¢}, ¢,) where

i U(-B)x Ula+28) — U(a)

is a k-morphism which for fixed u € U(a + 2f) is a homogeneous
quadratic polynomial on U(—f) and for fixed x in U(—p) is linear
on U(a+ 2f) while

U= xUla+2p) — U(a+ B)

is bilinear. To prove the lemma once again it suffices to show that
the group U, («) generated by the image of ¢’ contains all of U(a).
Now if C1 holds, this is indeed the case. To see this observe that U(«)
and U(a + B) are distinct isotypical 7-submodules of U*—asa T-
module U* is semisimple. Thus if ¢} is non-trivial U.(a)NU(a) isa
nontrivial Z(T')-stable k-vector space hence is all of U(a). That cj
is non-trivial is checked using the Chevalley commutation relations
in a Chevalley group containing 7 and contained in H. Finally
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if characteristic of k = 3, C2 fails and C1 holds, we consider the
commutator map restricted to U(—(a + 38)) x U(2a + 38) as a k-
morphism of this variety into U(c). One sees easily that it is bilinear
and non-trivial. This leaves us to deal with the situation when C1
fails. From the classification of Tits [6] of groups over global fields, it
is easy to conclude that if C1 fails one has necessarily chark = 2 and
G is a group of Type C, with Tits index as below

[—o—f—o—|...| =6 —| 2o

(C2 also fails in this case). But in this case one has a description of
G as the special unitary group of a non-degenerate hermitian form
h over a quaternion algebra (over k) with respect to an involution
whose fixed point set is of dimension 3 (over k) (such that 2 has Witt
index n/2— n is necessarily even). Explicit matrix computation leads
us in this case to the conclusion that U.(a) = U* (in the notation
introduced above).

Consider now the case when @ is not reduced. Let ®; be the
reduced system associated to ® and Ay the corresponding simple
system. If o, B € Ay we are reduced to the preceding case. If 2 € A
since U(B) D U(-2p) and U(B) D U(2B) we are again reduced to
the preceding case. Then we are left with the case f € Ay, 2a € Ag.
In this case one notes that the preceding considerations show that
U(2a)(ta,) is contained in the group generated by {U(ra +s8)(a)|r,
s#0, ra+sp € ®} and U(—p). This reduces the lemma to proving
that the map c¢: U(—B)x U(a+ B) — U(a)/U(2«) obtained from the
commutator map is such that Image ¢ generates all of U(a)/U(2¢c).
This is easily checked. Hence the lemma.

1.7. Let a C A be a non-zero ideal. Then G(a)(A) normalises
V(a)(a). Consequently G(a)(A) normalises I',(a) and hence also

¥, &f o(a) N G(a)(k). We also set ¥, = ¥,(A). Observe that for
any g € G(a)(k), and a non-zero ideal a C A, there is an ideal b (de-
pending on a and g) such that g¥,(b)g~! is contained in ¥,(a):
this follows from Claim 1.4 combined with Lemma 1.6, which shows
that I'(ta3) is contained in I,(a). It is easy to see from this that
the following collection T of subsets of G(a)(k) is the family of open
sets for a topology on G(a)(k) : T = {Q C G(a)(k)| for every x € Q,
there is a non-zero ideal a(x) in A such that x¥,(a(x)) is contained
in Q}. (That T constitutes a topology is seen easily from the fact
that ¥,(a) N ¥,(b) contains ¥,(ab) and that if a # 0, b # O, then
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ab # 0.) Let L and R denote respectively the left and right uniform
structures on G(a)(k) for the topology T. Then we assert that a se-
quence x, € G(a)(k) is Cauchy for L if and only if it is Cauchy for
R. Assume that x, is Cauchy for L. Let / > 0 be an integer such
that x,;!x, € W,(a) for all m,n > /. Let t € A\{O} be as in
Lemma 1.6. For an ideal a # 0 let ¢’ # 0 be an ideal such that
X)W (a)x; ! is contained in ¥,(a). Since x, is Cauchy for L there
is an integer /(a’) > 0 such that x;!x, € P.(a') for m, n > I(d).
Then for m, n # max(l, [(a')) we have xmx;! = Xpx;lxmx;! =
X X7 X - X X (X7 x0) 71 - X! € Wo(a) . Thus x, is Cauchy for R
as well. The converse is proved analogously. It follows that there is a
canonical identification of the completions of G(a)(k) with respect to
R and L and we denote this common completion by @(a)(k) . Then
G(a)(k) is a topological group in a natural fashion. The closure of
U(a)(k) (resp. U(—a)(k)) in a(a)(k) is obviously the same as the
completion U(a)(k) (resp. U(a)(k)) of U(a)(k) (resp. U(—a)(k))
in the congruence subgroup topology. If G(a)(k) denotes the com-
pletion G(a)(k) with respect to the congruence subgroup topology we
have natural commutative diagrams as follows:

Ga)k) 5 Gk
N /

A G@)k)
Gy 5 Gk
N /
U(xa)(k)

Since U(+a)(k) generate G(a)(k) (as an abstract group) (Raghu-
nathan [5]) one sees that 7 is surjective. We will now prove the
following result.

1.8. ProprosITION. Let G(a)(k)t denote the normal subgroup of
G(k) generated by U*(a)(k). Then G(a)(k)* centralises the kernel
of m (=C).

Proof. One knows from the work of Tits [7] that any noncentral
normal subgroup of G(a)(k) contains G(a)(k)™. Thus it suffices to
show that C (= kernel n) is centralised by an element x in G(k)*
which is not central in G(a)—the centraliser of C in G(a) is a normal
subgroup of G(a). We know that ¥, contains a non-trivial element
of U(a)(A) (Lemma 1.6). Let u be such an element; then u can be
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written as a product:
U= Xp X1 X1,

where for 1 <i<r, x; € U(¢;)(A) with ¢, ¥E. Let
Ujp = XjXj—p - XaXy .

Let A; be the following assertion: for any ideal a C A, a # O,
there is a nonzero ideal f;(a) C A such that pu,vp‘lui"l € I'y(a) for
all p € G(a)(fi(a)). Then Ay holds if we set fy(a) = a. Assume
that A; holds for some / with 1 </ < r and we will show then
that A4;,; holds as well. Let o’ C a be a non-zero ideal such that
X141Ta(@)x7 | € Ta(a) (Claim 1.4 and Lemma 1.6). Let fi,(a) =
fi(a")Na. Then for p € Ga(b)b = f1,1(a), we have px; 1 p~ x| €T,
while x;,1pu;p~tuy ' x| € x1,1Ta(a)x;}; C Ta(a). But one has

-1,-1 _ -1,,-1,.—1
PUI P U = PXI WP U X
-1

-1,-1 -1,,-1
=(p‘xl+1p x[+1)'xl+l(u1p u[ )xl+1

so that pu1+1p‘1ul‘+‘1 belongs to I',(a). We conclude that for each
ideal a C A, a # 0, there is an ideal d’ # 0 such that [u, G(a)(a')] C
Y,(a). Passing to the completions it is now clear that this means that
u centralises C in G(a)(k) proving Proposition 1.8.

1.9. Let G(a)(k)* denote the closure of G(a)(k)* in G(a)(k).
Then G(a)(k)Jr & F(a)(k) is a central extension where 7, is the
restriction of 7 to G(a)(k)*. Let Cy denote the kernel of ny. Then
Cp is a closed subgroup of C; and since C is the projective limit of
the family {G(a)(a)/¥,(a)|a a nonzero ideal in A} of discrete groups,
it follows that C; is the projective limit of a family of discrete abelian
groups

CO st L(1_m C i

We have for i > j a map f;; : C; — C; which may be assumed
to be surjective as also the natural map f;: Cp — C;. Now for ev-
ery i the central extension @(a)(k)+/(kemel fi) of G(a)(k) is a
locally compact central extension split over G(k)*. But from Prasad-
Raghunathan [3] one knows that the universal locally compact central
extension G(k)(k)* — G(a)(k) split over G(k)* has ker¢ a sub-
group of the group u; of roots unity in k. It is now easy to deduce
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from this that Cj is a finite cyclic group of order at most |u;|. Since
G(k)/G(k)* 1is finite (Margulis [2]) one concludes that C is finite.
The following result is immediate from the finiteness of C.

1.10. PRrorosITION. For any non-zero ideal a, ¥, is an S-arith-
metic subgroup of G(c).

Proof . If U C @(a)(k)+ is any open subgroup, then UNG(k)* is an
S arithmetic subgroup, since C is finite and (hence) = maps @(a)(k)
onto G(k). Since for any a # 0, ¥,(a) contains a subgroup of the
form U N G(k) with U open in @(a)(k) our contention follows.

1.11. COROLLARY. If P(a) = Z(T)-U(c) then for any ideal a # 0
in A, there is a finite subset X,(a) in G(a)(k) such that

Z(To)(k) = Wa(a) - Za(a) - P(a)(k)

(this is a theorem due to Borel;, for a proof see Raghunathan [4, Chapter
XIII)).

1.12. THEOREM. Let a be a nonzero ideal in A. Then there is
a finite set X(a) C G(k) such that G(k) = I'(a) - Z(a) - P(k) where
P=Z(T) U.

Proof. Let N(T) be the normaliserof 7 in G and W=N(T)/Z(T)
the k-Weyl group of G. Then W is generated by reflection o, cor-
responding to the simple roots o« in A and each o, has a repre-
sentative s, in (N(T) N G(a))(k). One has G(k) = U(k)yWP(k),
where W is identified with a set of representatives of its elements
in N(T)(k). Let / be an integer > 0 and W(/) the set of el-
ements of W of length / with respect to the set {s,Ja € A} of
generators. We will prove the following statement by induction on
/. For any ideal a # 0 in A, there is a finite set X;(a) such that
U(k)W(l)P(k) is contained in I'(a)-Z;(a)(k). When [/ = 1, this is
simply Corollary 1.12. Assume that the assertion holds for / < r.
Let g = uwp in G(k) be such that length w = r, u € U*t(k)
and p € P(k). Then w = s,w’ for some w’ of length r — 1
and o € A. Also one can write u = ' - ¥’ with v € U(a)(k)
and u” € V(a)(k). Since G(a) normalises V(a)(k) we see that
g = xyw'p where x € G(a)(k) and y € V(a)(k). Let Z,(a) be as
in Corollary 1.1. Clearly then g € W,(a) - Z,(a)U(k)W (r — 1)P(k).
Now let b(a) = b # 0 an ideal such that xI'(b)x~! C I'(a) for
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all x in the finite set X,(a). By the induction hypothesis we can
find a finite set X,_;(b) - G(k) such that I'(b)-X,_;(b)P(k) contains
UKW (r—1)-P(k). Thus g € ¥(a) - Zy(a) - T'(b) - Z,_y(b) - P(k);
and this last set is contained in W, (a)I'(a)Z,(a)Z,_1(b) - P(k). Since
Y,(a) C I'(a) and X,(a)Z,_1(b) is finite, our claim for r follows if
we set X,(a) tobe Jycp Za(a)-Z—1(b(a)) (b(c)) also depends on a).
This proves the theorem.

1.14. CoROLLARY. For a non-zero ideal a in A, I'(a) is an arith-
metic subgroup of G .

Proof. Let £ C G(k) be a finite set such that I'(a) - ZP(k) = G(k).
Then if g € G(A) we have g = x{p with p € P(k)x € I'(a) and { €
2. Since X is a finite set we conclude that there is a 4 € A\{0} such
that the following holds: if p=z-u, z€ Z(T)(k), ue U(k), and &
is any matrix entry of z, u, z~! or u~!, then A& € A. It is also easy
to see that if B is any k-simple component of Z(T'), B C G(«a) for
some o € A. Thus BNI'(a) is an S-arithmetic subgroup of B so that
Z(T)NT(a) is an arithmetic subgroup of Z(7T). Hence PNI'(a) is
an S-arithmetic subgroup of P. In particular [], s °P(ky)/°PNI(a)
is compact where °P = {ker x|y a character on P defined over k}.
From the fact that z and z~! have both entries of the form &/A
with & € A, one easily deduces that z belongs to a finite set modulo
°P. From the compactness of °P/°P NTI'(b) for any b # 0 and the
discreteness of the set {p € °P| the entries of p and p~! belong
to A~!}, one sees easily now that there is a finite set X’ such that
p € P(k)nT(b) -X for all g € G(k). Now choose b such that
xI'(b)x~1 c I'(a) for all x € . Then one has clearly

geTl(a)-Z-X.

Since ¥ - Y is finite we have shown that I'(a) has finite index in
G(A). Hence the corollary.

Added in proof. T. N. Venkataramana recently drew my attention to
two papers of G. A. Margulis (Arithmetic Properties of Discrete Groups,
Russian Mathematical Surveys, 29:1 (1974), 107-156 and Arithmetic-
ity of non-uniform lattices in weakly non compact groups, Functional
Analysis and its Applications, Vol. 9 (1975), 31-38), which contain re-
sults that imply our main theorem. The methods of the present paper
are however very different, and I believe, more transparent.



(1]
(2]
(3]
[4]
[3]
[6]

(7]
(8]

GENERATORS FOR ARITHMETIC SUBGROUPS 373

REFERENCES

A. Borel, and J. Tits, Groupes reductifs, Publ. Math. Inst. Haut. Etud. Sci., 27
(1965), 55-150.

G. A. Margulis, Finiteness of quotient groups of discrete groups (Russian), Funk-
tsional. Anal. i Prilozhen., 13 (1979), 28-39.

G. Prasad and M. S. Raghunathan, On the congruence subgroup problem: de-
termination of the mletaplectic kernel, Invent. Math., 71 (1983), 21-42.

M. S. Raghunathan, Discrete Subgroups of Lie Groups, Springer Verlag, 1972.
___, On the congruence subgroup problem 11, Invent. Math., 85 (1986), 73-117.
J. Tits, Classification of algebraic semisimple groups, Proc. Symp. Pure Math.,
Amer. Math. Soc., 9 (1969), 33-62.

., Algebraic and abstract simple groups, Ann. of Math., 80 (1964), 313-329.
—, Systems générateurs de groupes de congruence, C. R. Acad. Sci. Paris, 283
(1976), Serie A, 693-695.

Received January 5, 1989 and in revised form June 23, 1989.

TATA INSTITUTE OF FUNDAMENTAL RESEARCH
Homi BHABHA RoAD
BomBAay 400 005, INDIA






PACIFIC JOURNAL OF MATHEMATICS

EDITORS
V. S. VARADARAJAN NicHoLAS ERCOLANI C. C. MOORE
(Managing Editor) University of Arizona University of California
University of California Tucson, AZ 85721 Berkeley, CA 94720
Los Angeles, CA 90024-1555-05
R. FINN MARTIN SCHARLEMANN
HERBERT CLEMENS Stanford University University of California
University of Utah Stanford, CA 94305 Santa Barbara, CA 93106
Salt Lake City, UT 84112 VAuGHAN F. R. JoNEs HAROLD STARK
F. MicHAEL CHRIST University of California University of California, San Diego
University of California Berkeley, CA 94720 La Jolla, CA 92093
Los Angeles, CA 90024-1555
STEVEN KERCKHOFF
THOMAS ENRIGHT Stanford University

University of California, San Diego Stanford, CA 94305
La Jolla, CA 92093

ASSOCIATE EDITORS

R. ARENS E. F. BECKENBACH B. H. NEUMANN F. WoLF K. YosHIDA
(1906-1982) (1904-1989)
SUPPORTING INSTITUTIONS
UNIVERSITY OF ARIZONA UNIVERSITY OF OREGON
UNIVERSITY OF BRITISH COLUMBIA UNIVERSITY OF SOUTHERN CALIFORNIA
CALIFORNIA INSTITUTE OF TECHNOLOGY STANFORD UNIVERSITY
UNIVERSITY OF CALIFORNIA UNIVERSITY OF HAWAII
MONTANA STATE UNIVERSITY UNIVERSITY OF TOKYO
UNIVERSITY OF NEVADA, RENO UNIVERSITY OF UTAH
NEW MEXICO STATE UNIVERSITY WASHINGTON STATE UNIVERSITY
OREGON STATE UNIVERSITY UNIVERSITY OF WASHINGTON

The Supporting Institutions listed above contribute to the cost of publication of this Journal, but they are
not owners or publishers and have no responsibility for its content or policies.

Mathematical papers intended for publication in the Pacific Journal of Mathematics should be in typed
form or offset-reproduced (not dittoed), double spaced with large margins. Please do not use built up fractions
in the text of the manuscript. However, you may use them in the displayed equations. Underline Greek letters
in red, German in green, and script in blue. The first paragraph must be capable of being used separately as
a synopsis of the entire paper. In particular it should contain no bibliographic references. Please propose a
heading for the odd numbered pages of less than 35 characters. Manuscripts, in triplicate, may be sent to any
one of the editors. Please classify according to the 1991 Mathematics Subject Classification scheme which
can be found in the December index volumes of Mathematical Reviews. Supply name and address of author
to whom proofs should be sent. All other communications should be addressed to the managing editor, or
Elaine Barth, University of California, Los Angeles, California 90024-1555-05.

There are page-charges associated with articles appearing in the Pacific Journal of Mathematics. These
charges are expected to be paid by the author’s University, Government Agency or Company. If the author or
authors do not have access to such Institutional support these charges are waived. Single authors will receive
50 free reprints; joint authors will receive a total of 100 free reprints. Additional copies may be obtained at
cost in multiples of 50.

The Pacific Journal of Mathematics (ISSN 0030-8730) is published monthly except for July and August.
Regular subscription rate: $190.00 a year (10 issues). Special rate: $95.00 a year to individual members of
supporting institutions.

Subscriptions, orders for numbers issued in the last three calendar years, and changes of address should be
sent to Pacific Journal of Mathematics, P.O. Box 969, Carmel Valley, CA 93924, U.S.A. Old back numbers
obtainable from Kraus Periodicals Co., Route 100, Millwood, NY 10546.

The Pacific Journal of Mathematics at P.O. Box 969, Carmel Valley, CA 93924 (ISSN 0030-8730) is
published monthly except for July and August. Second-class postage paid at Carmel Valley, California 93924,
and additional mailing offices. Postmaster: send address changes to Pacific Journal of Mathematics, P.O. Box
969, Carmel Valley, CA 93924.

PUBLISHED BY PACIFIC JOURNAL OF MATHEMATICS, A NON-PROFIT CORPORATION
Copyright (©) 1992 by Pacific Journal of Mathematics




Pacific Journal of Mathematics

Vol. 152, No. 2 February, 1992

Edoardo Ballico, On the restrictions of the tangent bundle of the

GrasSmMannians ... ........ueeenneeenmnnee e 201
Edward Burger, Homogeneous Diophantine approximation in

SANEEZOIS . ettt ettt e e e 211
Jan Dijkstra, Jan van Mill and Jerzy Mogilski, The space of

infinite-dimensional compacta and other topological copies of (l?)“) ....255
Mike Hoffman, Multiple harmonic series ....................ooiiii.... 275
Wu Hsiung Huang, Superharmonicity of curvatures for surfaces of constant

MEAN CUIVALUIE ...t evtttt ettt ettt e et e et e e e eaeeens 291
George Kempf, Pulling backbundles ............. ... . ..., 319
Kjeld Laursen, Operators with finite ascent ................ .. ... ... ... 323
Andrew Solomon Lipson, Some more states models for link invariants ... .. 337
Xiang Yang Liu, Bloch functions of several complex variables ............. 347
Madabusi Santanam Raghunathan, A note on generators for arithmetic

subgroups of algebraic groups ........... ... i 365

Marko Tadi¢, Notes on representations of non-Archimedean SL(n) ........ 375




	
	
	

