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Abstract

A finite dimensional algebra A over a perfect field F is a vec-
tor space direct sum of its radical ideal J, i.e. its maximal nilpo-
tent ideal, and a subalgebra §: A = § @ J. For example, A =

{(‘5 7)[a,ﬂ,7€€},5={(8 ﬁ;“)m,ﬂec:},and,z:

{( 8 g ) |v € C}. If S’ is another subalgebra of A satisfying A =

S’ @ J, then there is a w in J such that §' = (1 - w)S(1—w)~!. The
proof of these facts is deep, and was given first by Wedderburn.

In a conceptual breakthrough Hochschild found a cohomological
proof of Wedderburn’s theorem. His proof makes a reduction to the
case where J? = (. The quotient map A — A/J has a linear right
inverse s. The s(zy) — s(z)s(y) defines a J-valued 2-cocycle in a
cohomology theory named after Hochschild. Now A/J is a separable
F-algebra, so has vanishing positive dimensional cohomology groups;
whence there exists a map g : A/J — J such that s(zy) — s(z)s(y) =
s(z)g(y) — glzy) + g(z)s(y). Hence ¢y = s+ ¢ is a homomorphism
of algebras that is a right inverse of A — A/J. Taking § to be the
subalgebra ¥(A4/J), A = S @ J is satisfied.

If A is instead an algebra over a commutative ring that is not a
field, a linear right inverse s might not exist: e.g., the natural surjec-
tion of Z-algebras, Z,2 — 2, where p is prime. However, the axiom of
choice provides a set-theoretic right inverse t for A — A/J. Forming
both t(zy)—t(z)t(y) and t(z+y)—t(z)—t(y), we show that these give
a J-valued 2-cocycle in a more refined cohomology theory of algebras
discovered by U. Shukla. We carefully present Shukla’s not widely
known cohomology theory, then obtain a fully generalized cohomolog-
ical version of Wedderburn’s theorem, and discuss its practical uses
and limitations.



The Wedderburn principal theorem and
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1 Introduction

A half century or so after their appearance in mathematics, finite dimensional
algebras received a big impetus towards their classification at the hands of
J. H. M. Wedderburn. His work in the early 1900’s is a constant source of
- powerful generalization - Artin algebras, Jacobson radical, Goldie rings, and
Morita’s theorems - indeed, also a source of specializations such as quiver
algebras and division algebras. His main three theorems are 1) a simple
finite-dimensional algebra is a full matrix algebra over a division algebra; 2)
a semisimple finite-dimensional algebra is a direct product of simple algebras;
and 3) a finite-dimensional algebra over a perfect field is a split extension of a
semisimple subalgebra by a nilpotent ideal. The last theorem 3) is especially
celebrated as “the principal theorem” in early texts; now at times more
routinely referred to as his “factorization theorem.” In specific terms, the
principal theorem states that a finite-dimensional algebra A over a perfect
field has a semisimple subalgebra S and nilpotent ideal J such that A = S&J
(a direct sum of vector subspaces). By taking some small matrix examples
it is clear that S may not be unique, but any other semisimple subalgebra S’
such that A = §'@ J is conjugate to S by an element 1 — z for some element
z in J (a theorem of Malcev). ,

In 1945 Hochschild introduced in a pair of articles in the Annals of Math-
ematics a cohomology theory of algebras over fields, and gave a conceptu-
ally brilliant proof of the principal theorem. The idea is basic to homo-
logical algebra: the exact sequence 0 — J — A 5 A/J — 0 of natural
algebra homomorphisms is split by (a right inverse to &) an algebra homo-
morphism. The proof begins by observing that A/J is a separable alge-
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bra, then Hochschild introduced the separability element and characterized
separable algebras as having vanishing cohomology groups HH"(A, M) for
n=1,2,3,... and any A-bimodule M. He then showed that HH*(A, M) is
in one-to-one correspondence with isomorphism classes of exact sequences of
algebras 0 = M — B — A — 0 where M? = 0 (a “square-zero extension of
A by M?): the cobounded 2-cocycles corresponding to B = the semi-direct.
product A X M with the natural maps and other 2-cocycles giving a nontriv-
ial “twist” to the multiplication of the semi-direct product. If f(z,y) € M is
a 2-cocycle one defines multiplication on A x M by the well-known formula:

(a,m)(a’,m") = (ad’,am’ + ma' + f(a,a’))

Conversely, a square-zero extension of A by M with a linear splitting de-
fines a “factor set”, i.e., a bilinear M-valued map measuring the failure of
¢ to be multiplicative, and associativity of the multiplication in B implies
a cocycle condition. on the factor set. For the separable algebra A/J and
the special case where J? = 0 this implies that the factor set is cobounded,
since HH%(A,J) = 0, so that a homomorphic splitting exists. The general
case is disposed of by an induction argument on the index of nilpotency of J.
The theorem Hochschild proved then can be stated easily for algebras over
any commutative ring k as the following vast generalization of the principal
theorem.

Theorem 1.1 If a unital k-algebra A contains a nilpotent ideal J such that
1. A/J is a projective k-module,
2. HH*(A/J,M) = 0 for every A/J-bimodule M,

then there exists in A a subalgebra S such that A= S @ J as k-modules.

This theorem together with its proof is certainly one of the big successes
of homological algebra. Algebras enjoying property (ii), vanishing second
cohomology groups, are the so-called quasi-free algebras of D. Quillen and J.
Cuntz, enjoying a revival because of their role in non-commutative differential
geometry. The special case of separable algebras generalizes to separable
extensions of algebras by use of the separability element, and together with a
condition of splitness possess the desirable features of the basic construction
of V. F. R. Jones while combining the disparate examples of finite index
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subgroups, coprime degree separable field extensions, matrix extensions, and
type 11, subfactors of finite index.

In the Hochschild theory it is important that every exact sequence be
split over the ground ring k. For example, for p a prime it easy to compute
HH*Z,,Z,) = 0 where Z, is viewed as a Z-algebra with its natural bi-
module Z,. However, the square-zero extensions 0 — 2, = Z,2 —» 2, — 0
(one for each of p — 1 nonisomorphic inclusions followed by the canonical
projection) are all nonisomorphic to the semidirect product. To account for
this phenomenon one needs a general cohomology theory of algebras that
takes the value Z, on the algebra-bimodule pair (Z,,Z;), and reduces to
Hochschild’s cohomology groups for algebras over fields. Such a cohomol-
ogy theory was produced by Shukla in his thesis of 1961 [9], after crucial
preparatory work by S. Mac Lane[5][6].

In this note I would like to show how to generalize Hochschild’s version of
the principal theorem using Shukla cohomology. What we prove is Theorem
3.1, which 1s just the theorem above with Shukla’s cohomology group replac-
ing Hochschild’s in condition (ii), and condition (i) dropped. This involves
showing that two factor sets (one measuring failure of linearity, the other,
multiplicativity, of a set-theoretic splitting function) form a Shukla 2-cocycle:
a point with technical subtleties that seems not to have been verified in print.
Shukla cohomology has led a shadowy existence since its inception, perhaps
because of its computational complexity and lack of application. We hope
to make some small improvement to this situation by making a new compu-
tation of Shukla cohomology in section 2, after giving an updated account
of the theory. We then state and prove our main theorem in some detail,
also with the aim of making Shukla’s theory digestible to interested read-
ers. In section 4 we conclude with a discussion of possible nice formulations
of Wedderburn’s principal theorem within general ring theory, armed with
Shukla cohomology and information gained by A. Cegarra and A. Garzon
on the second Shukla group of torsion-free rings. We also point out that
the well-known decomposition of divisible groups is an additive analog of the
principal theorem, which leads to more success in the classification problem
than in the corresponding problem for algebras.



2 Shukla cohomology 7

We first present Shukla’s cohomology groups of an algebra [9] via a standard
complex. Given a k-algebra A with unit, one can find a differential graded
algebra (V,d) with augmentation ¢ : (V,d) — A, (A equipped with zero

differential and zero components in nonzero degree ) (V,d); a free resolution
of the k-module A, - - ' ' -

---»Vnéflvn_l—r---vo-i)A—»O

Thus, V admits a gra,déd product, d satisfies a Leibnitz rule, and € is a ho-
momorphism of k-algebras. First take V4 to be the free k-module on basis.
{(a)la € A,a # 0} and define V,, inductively as the free k- module on non-
trivial elements of the ker(d,_,) (where ¢ = dy). Then take d, : V, = Vo
to be the linear extension of inclusion of basis elements. Similarly we take
(%, ki(a;)) = T, kia; where k; € k,a, € A—0.

The cubical elements of Mac Lane [6] are embedded in this complex as
follows. Denote by (a, b) the basis element of V; corresponding to (a + b) —
(a) — (b) in kere, so that di((a,b)) = (a + b) — (a) — (b). The other cubical

elements also appear as special basis elements of the V,;’s; e.g., the next level

cubical element is the basis element ( Z ; ) of Vo mapping under d; to

(a+c,b+d) —(a,b) — (c,d) + (a,c) + (b,d) — (a + b,c + d) in kerd,.

The multiplication in V; is given on basis elements by (a)(b) = (ab)
and extended linearly. For basis elements z € V, and w € V,, define the
multiplication inductively by

2w = d7L,, (dn(2))w + (=1)2dum(w))

where do = 0. For example, (a,b)(c) = (ac, bc). Note that V has a homoge-
neous k-base, i.e. its basis is closed under multiplication (as are the cubical
elements). That V is a differential graded algebra augmentation of A and
additively a free resolution of the k-module A is now clear.

Definition. V will be referred to as the standard construction over a
k-algebra A. Let C, be the category of free resolutions of A that possess
differential graded algebra structure with homogeneous k-base containing
the unity element and with augmentation map to A that is a d.g. algebra
epimorphism. V is easily seen to be the unique terminal object in C; [9)].
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Given a k-algebra A with A-bimodule M, the Shukla cohomology groups
HS™(A,M) (n =0,1,2,...) are defined as the cohomology groups of the chain
complex resulting from the application of the functor Hom(-,M) to the bar
resolution of the differential graded algebra V [7] (M is a V-bimodule via the
augmentation). Since we will need the nuts and bolts of this definition (at
least for 2-cocycles), we present an interpretation of this definition simply as
a bicomplex with resulting cohomology groups.

Taking V as before, the graded tensor product V®;---QV = V® (r times
V) has a natural differential §; and grading (V®"), as an alternating sum of
the diffential d applied to each entry at a time, and grade gotten by adding
the grades of homogeneous elements in a tensor element. Define cochain
groups CP? = Hom((V®?),, M) of the bicomplex C**(V — A) with vertical
differential 6, : CP? — CP9t! and horizontal differential &, : CP9 — CP¥14

“defined as follows (each u; a homogeneous element of V of grade |u,|):

. 6df(u1,...,up)=——Z(.—l)e“’f(ul,...,du,-,...,u,,)
(f € CP% e =i+ ual+--+ i)
5bf(ula---,ﬂp+1)=€(U,1)f(uz, ceyUpy) +Z flu, .. 7uiui+l'a~"-aup+1)

H(=D)TPH f (s up)e(upr)

We take C%° = M and 8ym(vo) = €(vo)m — me(vo). It may be computed
that 52 52 =0 = 636y + 6464.

Deﬁmtlon The Shukla cohomology groups of A with values in M
are defined to be the cohomology groups of the cochain complex (C™ =
Y opiq=n ®CP9,6 = b, + b4), i.e., the total complex of C*"(A). We denote
these cohomology groups by HS"(A, M).

We give a simple and important example. A Shukla 2-cocycle is a pair of
multilinear M-valued functions (f,g) € Hom(Vo @k Vo, M) & Hom(Vy, M)
satisfying the four conditions which we give only on cubical elements for the
sake of simplicity:

1. 6f((c), (d), (e)) = cf((d), (e)) — f((cd), (e)) + f((c), (de))
—f((¢),(d))e =0
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2. a(( § ] ))=allee) +o@ 1) - slle+ die+ 1)

Hg((c+ed+ f) —g((c,d)) ~ g((e, ) = 0
3. 8af((c,d), (e))+bsg((c,d), (€)) = f((c), (€))+£((d), (€))— f((c+d), (e))+
g‘((cea de)) - g((c’ d))e = 0 .

4. 6af((c), (d, €))+brg((c), (d,€)) = f((c), (d+e))—f((0),(d))-f((6), (e))+
cg((d, e)) — g((cd, ce)) =0

Note the resemblance of the horizontal differential 6, to the coboundary b of
the standard Hochschild cochain complex of A [3]. In fact €: V — A in-
duces a homomorphism of cochain complexes, and corresponding morphism
of cohomologies, €= : HH"(A,M) — HS"(A, M). For example, a Hochschild
2-cochain f(—,—) maps to (f(e(—),e(—)),0). € is an isomorphism of coho-
mologies in degree n= 0 and n = 1, and monomorphism where n = 2. This
follows from the spectral sequence of a bicomplex filtered by columns: when
applied to C*"(A), it gives E;° = H} HY(C™®) = HH"(A, M).

Shukla proves in [9] that there is a certain freedom of choice in choosing
V when computing HS"(A, M) as the cohomology of the bar construction
of V. Any object in the category C; of free resolutions over A possessing
differential graded algebra structure with homogeneous k-base will suffice for
V. It is also shown that it suffices to choose only a projective resolution V
of A that possesses differential graded algebra structure and a multiplicative
right inverse to the augmentation ¢ : V — A and a (set-theoretic) right
inverse to each differential d, : V;, — kerd,_;: such resolutions over A form
a category Cj.

For example, if A is projective over k, choose V = A, the trivial d.g.
algebra with identity map augmentation, and computing C**(V — A) we
get all zeroes except a bottom row, so that HS*(A,M) = HH"(A, M) for
every n > 0.

Another example: if A is an algebra over a principal ideal domain (p.i.d.),
we use the following simplified resolution V over A. V, = V3 = ... =0, Vp and
€ are as in the standard construction, and V} = kere, which is automatically
free over k. V, and W} have the same product as before except that ;2 = 0.
Then V is an object in Shukla’s category C,, and C**(V — A) is simplified
since CP* =0 if ¢ > p.




A simplification in computing Shukla cohomology occurs by using nor-
malized cochains; i.e. a Shukla cochain that vanishes if an argument is a
scalar multiple of the unity in V5. This is most easily seen by working with
chains rather than cochains: a chain complex (D, 6) of Shukla chains with
a 1 appearing in some entry is easily shown to be contractible, so that the
-Shukla chain complex (C, 6) is homology equivalent to the quotient complex
(C/D,é). (Cf. [7).)

- As an application of normalized cochains we compute HS"(A, M) and
HH"(A, M) where A is an algebra over a p.i.d. k with surjective unit map .

u : k — A. Then take for V the resolution :-- — 0 — k& L kS Ao
0, where d(n) = nr if ker(u) = (r). The normalized cochain bicomplex -
is simply CP(V — A) = { ]?4 z f ;1 } so that HS™(A,M) = M
and HS**t1(A,M) = 0 for each nonegative integer n. The spectral se-
quence relating Hochschild and Shukla cohomologies readily implies that the
Hochschild groups are zero except HH°(A,M) = M.

For example, HS*"(Z,, Z,) = Z,forn > 0. The corresponding Hochschild
groups are all zero. It is known that the elements of the group HS?*(A, M)
are in 1-1 correspondence with the isomorphism classes of square-zero exten-
sions of A by M, while the Hochschild group HH?(A, M) corresponds only
to those square-zero extensions that are k-split. The argument for this fact
is halfway given in [9] by defining a multiplication and addition on A x M
using a Shukla 2-cocycle, and the other half may be read from the proof of
theorem 3.1 below; i.e., given a square-zero extension) = M - B5H A —0
a factor set (f,g) (measuring deviation of a set-theoretic right inverse of p
from preserving multiplication and addition) is a Shukla 2-cocycle. The full
argument is then obtainable by a diligent checking of some details. In the
introduction we spotted p nonisomorphic square-zero extensions of calZ, by
its module Z,: we now see the second Shukla cohomology group as giving
the correct “answer.”

A further clarification in the relation of Hochschild and Shukla cohomolo-
gies was reached by M. Barr in the 1960’s [1]. The guiding philosophy then
was that adjoint functors give rise to cotriple cohomology theories that in-
clude all the classical cohomology theories. Indeed, Shukla cohomology is up
to a shift of +1 in dimension the cotriple cohomology of the adjoint functors

F and G: F sends the comma category of k-algebras over A to the underlying




sets and their maps in Set , G is the free algebra functor on sets. One must
apply the additive functor Dery(—, M), derivations into an A-module M, to
get cohomology with coefficients. Hochschild cohomology occurs the same
way except that F and G pass to and from the category of vector spaces
over k, F the functor to the underlying vector spaces, G the tensor algebra
functor. ! ' - -

3 Main Theorem

Theorem 3.1 If A is k-algebra with J a nilpotent ideal such that the quotient

algebra A/J has vanishing second Shukla cohomology groups, i.e., HS*A)J, M) =

0 for every A/J-bimodule M, then there ezists a subalgebra S in A such that
A=S®J as k-modules.

Proof. First suppose that J is a nontrivial ideal satisfying J 2 = 0. Denoting
A/J by B; i, the inclusion of J in A, and p: A — B the canonical projection
homomorphism, we have the square-zero extension of B by J:

0JS5ABB—0

By the axiom of choice there exists a set-theoretic right inverse of p, call
it s: B — A and choose it such that s(0) = 0 and s(1) = 1. One can make
J into a B-bimodule by defining left and right actions simply as bz = s(b)z
and zb = z5(b) (suppressing ): as a consequence of J? = 0, the actions are
linear and associative, and indeed independent of choice of right inverse to
P.

Let ¢ : V — B be the standard construction. Define factor sets f :
Vo x Vo = J and ¢ : V; — J by the formulas:

f(2), (¥)) = s(zy) — s(z)s(y)

g(Qri(z:)) = D_ris(zi)
i=1 =1
where "7, r;z; = 0 (z,y,z; € Bandr; € k). Thus, 3°7_, ri(z;) € kere whose
preimage in the homogeneous k-base under dy : Vi — Vg is (L1, ri(2i)). By
ordinary linear extension we define morphisms f € H omi(Vo ®« Vo, J) and

g € Homi(W;,J). Hence, (f,g) is a Shukla 2-cochain.
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We next show that (f,g) is a Shukla 2-cocycle. As in section 2 there will be
four conditions to check (which in the order below correspond to associativity
of multiplication, left, then right distributivity of multiplication with respect
to addition, and commutassociativity of addition ! of the extension).

L (&f) (), (y), (2 )—vcf((y),(2))—f((zy),(Z))+f((ﬂc),(w))—f((:v),(y))?=
SE ;[(( )]) ;(y)S( )]—'S(zyz)+3(1y)3(2)+3(zy2)-S(:v)S(yz)-—[8(:cy)—

2. Ifz,yi€Band XL, riyi = 0 then
(85+82)(£,9)((2), (X ri(wi))) = 29((X ri(w)))=9((X rilew)) +Zrzf
S riston) = Srislee) + L rlslevs = s2)s(v)] =
3. Same elements as before:
(E+62)(£, (i) (2) = 9((E ri(wiz))=g((E (e =L rf (w): (=)
= Y ris(yiz) — [ ris(u)ls(z) = Yo rifs(iz) — s()s(2)] = 0.

4. A k-homogeneous base element of V, is given by (31, ki(n;)) where
Y kini =0in Vg and n; = 7 ryj(xi;) such that ¥ ri;z;; = 0in B

for every i. Then

(629)(( Zk (n;)) Zk (n:)) Zkg (ni)

= =Y kg((XCrij(zi;) = = ki 3_riss(zis)
= —g((3_ kirij(2))) = —9(0) = 0,

since the last nontrivial argument is equal to 3 k;n,.

It follows from linearity that (f,g) is a Shukla 2-cocycle. By hypothesis,
HS*(B,J) = 0, so that there exists a normalized Shukla 1-cochain k €

Y(x+y)+ (z+w)=(x+2) + (y + w) for every element x,y,z, and w



Homu(Vo, J) such that (f,g) = (6sh,64h). Consider the map ) : B — A
defined by '

¥(z) = s(z) + h((2))
for every z € B. We next show that ¢ is an algebra homomorphism and a
right inverse of p, finishing the proof when J? = 0 since we take S = y(B).
Towards this end note that R

1. poy=Idgsince pos = Idg and po h = 0;

2. ¢ is k-linear: given Y7, riz; € B, note that
S(Eriz) = Yomis(ai) = g((Xriz) = Xori(zi)

= (8N (((X rizi) = Y ril=:))) = Y rek((20)) — R((3_ rizi))
Whence (¥ rizi) = s(Eriz;) + (T rizi) = T ris(zi) + Trik(zi) =
riv(zs).

3. ¢ is multiplicative: ¥(z)¥(y) = [s(z)+h((z))][s(y)+A((y))] = s(z)s
h((z))y + zh((y)) = s(zy) = f((z), (¥)) + &h((z), (¥)) + h((zy)
s(zy) + h((zy)) = ¥(zy).

To finish the proof we employ the well-known induction argument of Hochschild
on the degree n of nilpotency of the ideal J. First, note that 0 — J/J? —
A/J? — B — 0 splits by our argument for n = 2. Then there exists a
subalgebra C of A such that 0 —» J> - C — B — 0 is an exact sequence,
which splits as well by the induction hypothesis. Take S to be the image of
B in C under the splitting homomorphism. S satisfies A = S & J, which
completes the proof.

(y)+
) =

4 Shukla cohomology and ring theory

Before discussing what Shukla cohomology might do for ring theory, we need
a discussion of what Wedderburn factorization has done for algebras. Aside
from its philosophical import on the algebraic community, the principal the-
orem of Wedderburn seems to have led directly to a classification of algebras
only in the case of algebras over an algebraically closed field with square-zero
radical (see [8]). Otherwise one is left with the not small task of describing
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the multiplicative bimodule structure of the radical over the semisimple sub-
algebra.

A purely additive analog of Wedderburn’s principal theorem - and one
with enormous success for the classification problem within its own category
- is the following: '

Proposition 4.1 A divisible abelian group D with torsion subgroup D, has
a torsion-free subgroup E such that D = E & D,.

"Thus the classification of divisible groups is accomplished with the dimen-
sion of the rational vector space E and the Z(p™)-group components of D;.
Now any abelian group has a maximal torsion subgroup Dy; if D is divisible,
then D, is an injective Z-module, so that Ext}(A, D;) = 0 for every abelian
group A. Whence the proposition above may be stated more generally in the
cohomological statement below (by recalling the 1-1 correspondence of Ext!
groups with extensions of modules [7]).

Proposition 4.2 An abelian group D is isorﬁorphic to D, x D/ D, if
Exty(D/Dy; D,) =0

As an abelian group any ring R will have a maximal torsion subgroup
R, which is in fact an ideal, and behaves like a radical. R/R; will of course
be a torsion-free ring - not an idle remark since we have the following subtle
relation between Shukla cohomology and the Ext groups when n = 2:

Proposition 4.3 (Cegarra, Garzon [2]) Suppose k is an integral domain
and A is a unital k-algebra that is torsion-free as a k-module. Then

HS*(A,M) = Ezt‘i@kAop‘(A, M)
for every A-bimodule M.

This theorem requires a subtle proof but should not come as a major
surprise to the reader because if we had the stronger condition of pro-
jectivity on the k-module A, then for all n > 0 we have HS"(A,M) =
HH"(A, M) =Ext}g 10 (A, M), the last identity brought out by Cartan and
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Eilenberg in their classic. One could now state the main theorem (3.1) for
torsion-free rings (Z-algebras) or torsion-free algebras over an integral do-
main in the more familiar terms of Ext?-groups.

It would indeed be nice to state a theorem as elegant as the principal
theorem for a certain class of rings - that they automatically factor as a
direct sum of some radical and a semisimple subalgebra. But this class of
rings must first be found - without just a rediscovery of finite-dimensional -
algebras over a perfect field. The next example is a basic obstruction to
several attempts at such generality. For example, it is a counterexample to
the two conjectures:

1. A torsion-free left (right) artinian ring is always a direct sum of a
semisimple subring and its nil radical.

2. Goldie’s third theorem (a right noetherian principal left ideal ring R
is a direct sum of a semiprime principal left ideal ring and an artinian
ring) has cohomological proof along the lines of finding the quotient of
R by its prime radical and applying theorem 3.1.

Example. Let A = Q(t,,t;) be the field of rational functions in two indeter-
minates. Consider the A-valued Hochschild 2-cocycle f defined by

bu bv
flu,v) = 1. 50

Define multiplication on the Q-vector space A @ A by
(u,v)(w, 2) = (uz + vw + f(v, 2),vz)

and call the resulting Q-algebra B. Since any 2-coboundary (bg(a,a’) =
ag(a’) — g(aa’) + g(a)a’) is clearly symmetric over the commutative algebra
A, it is clear that f is noncobounded since it is not symmetricin its variables.
Hence, B is a torsion-free artinian ring with no direct sum decomposition B =
A @ J as a consequence of the pairing of the Hochschild cohomology group
HH?(A, A) with square-zero extensions of A by A. Also, B is a principal left
ideal ring with prime radical A and quotient ring A of projective A ® A%-
dimension 2.
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-1/78 “TANKER OM EN PRAKSIS" - et matematikprojekt..
Projektrapport af: Anne Jensen, Lena Linden-
skov, Marianne Kesselhahn oa Nicolai Lomholt.
Vejleder: Anders Madsen

2/78 “OPTIMERING" -~ Menneskets forggede beher-
skelsesmulicheder af natur oc samfund.
Projektrappart af: Tom J. Andersen, Tommy
R. Andersen,Gert Krenoe og Peter H. Lassen
Vejleder: Bernhelm Boss.

3/78 "OPCAVESAMLING", breddekursus i fysik.

Af: Lasse Rasmussen, Aage Bonde Krammer
og Jens Hepjgaard Jensen.

4/78 "TRE ESSAYS" - om matematikundervisninc,
matematiklareruddannelsen oo videnskabs-
rindalismen. = =
Af: Mogens Niss
Nr. 4 er n.t. udgdet.

5/78 "BIBLIOGRATISK VEJLEDNING til studiet af
DEN MODERNE FYSIKS HISTORIE".

Af: Helce Kragh.
Nr. 5 er p.t. udgdet.

6/78 "NOGLE ARTIKLER 0G DEBLTINDLEG OM - larer-
uddannelse og undervisning i fysik, oc - de
naturvidenskabelige fags situation efter
studenteropreret”.

Af: Karin Bever, Jens Hgjgaard Jensen og
Bent C. Jprgensen.

-7/78 "MATEMATIKKENS FORHOLD TIL SAMFUNDS@KONOMIEN".
Af: B.V. Gnedenko.

Nr. 7 er udglet.

8/78 "DYNAMIK OG DIAGRAMMER". Introduktion til
enerav~-bond-graph formalismen.
Af: Peder Voetmann Christiansen.

9/78 "OM PRAKSIS' INDFLYDELSE PZ MATEMATIKKENS UL -
VIKLING". - Motiver til Kepler's: "Nova Stere-
ometria Doliorum Vinariom".

Projektrapnort af: Lasse Rasmussen .
Vejleder: Anders Madsen,

10/79 "TERMODYNAMIK I GYMNASIET".

, Projektrapport af: Jan Christensen og Jeanne
Mortensen,

Vejledere: Karin Beyer oc Peder Voetmann
Christiansen.
11/79 "STATISTISKE MATERIALER".
. Af: Jorgen Larsen.

12/79 "LINEERE DIFFERENTIALLIGNINGER OG DIFFEREN-
TIALLIGNINGSSYSTEMER".

Af: Mogens Brun Heefelt,
Nr. 12 er udglet.

13/79 "CAVENDISH'S FORSPG I GYMNASIET".
Projektrapport af: Gert Kreinge.

Vejleder: Albert Chr. Paulsen.

14/79 "BOOKS ABOUT MATHEMATICS: History, philosophy,
Education, Models, System Theory, and Works of™,
Af: Else Heyrup.

Nr. 14 er p.t. udglet.

15/79 "STRUKTUREL STABILITET OG KATASTROFER i systemer
i og udenfor termodynamisk ligevagt”.
Specialeopgave af: Leif 5. Striegler.
Vejleder: Peder Voetmann Ckristiansen.

1€/79 “STATISTIK I KRAFTFORSKNINGEN".
Projektrapport af: Michael Olsen oo Jern Jensen.
Vejleder: Jorgen Larsen.

17/79 "AT SPCRCE OG AT SVAPRE i fysikundervisningen".

Af: Albert Christian Paulsen.

18/79

19/79

20/79

21/79--

22/19

23/79

"MATREMATICS AND THE REAL WORLD", Procee-

dings af an International Workshop, Ros-
kilde University Centre, Denmark, 1978.
Preprint.

Af: Bernhelm Booss og Mogens Niss (ecds.)

“"GEOMETPI, SKOLE OC VIRKELIGHED".

_Projektrapport df: Tom J. Andersen,Tormwy

R. Andersen og Per H.H. Larsen.
Vejleder: Mogens Niss.

"STATISTISKE MOIELLER TIL BESTEMMELSE AF SIFFZ
DOSEP. FOR. CARCINOGENE STOFFER".

Projektrapport af: Michael Olsen og Jemm Jenser.
Vejleder: Jgrgen larsen

*KONTROL 1- GYMASIET-FOPMAL OC KONSEKVENSEP".
Projektrapport af: Crilles Bacher, Per S.Jenser,
Preben Jensen og Torben Nysteen.

"SEMIOTIK OG SYSTEMEGENSKABER (1)".
l-port lineert response og st¢j i fysikken.
Af: Peder Voetmann Christiansen.

"ON THE AISTORY AF EARLY WAVE MECHANICE -~ wiin
special emphasis on the role af realitivity”.
Af: Helge Kragh.

24/80
at+b

25/80
26/80

27/80

28/80

29/80

30/80

31/80

32/80

33/80

34/80

"MATEMATIKOPFATTELSER HOS 2.C'ERE".

1. En analyse. 2. Interviewmateriale.
Projektrapoort af: Jan Christensen og Knud
Lindhardt Rasmuissen.

Vejleder: Mogens Niss.

"EXSAMENSOPGAVER", Dybdemodulet/fysik 1574-79.

"OM MATEMATISKE MODELIER".
En projektramport og to artikler.
Af: Jens Hpjgaard Jensen m.fl.

"METHODOLOGY AND PHILOSOPHY AF SCIENCE IN PAUL
DIRAC's PHYSICS".
Af: Helge Kragh.

"DLRILTRISK EIAGRTIA: - et forslac til en nv
model byvgoet pd vaskemes viscoelastiske ecen-
skaber".

Projektrapport af: Gert Kreinge.

Vejleder: Niels Boye Olsen.

"ODIN - undervisningsmateriale til et kursus i
differentialligningsmodeller”.

Projektrapoort af: Tommy R. Andersen, Per H.H.
larsen og Peter H. lassen.

Vejleder: Mogens Brun Heefelt.

"FUSIONSENERGIEN - - - ATOMSAMEUNTETS ENDESTATI-
",

Af: Oluf Danielsen.

Nr. 30 er udgdet.

"VITENSKABSTEORETISKE PROBLEMER VED UNDERVISNINGE -

SYSTEMER BASERET PA MENGEILARE".
Projektrapport af: Troels Lange og Jgrgen Kar-
rebak.

Vejleder: Stig Andur Pedersen.

Nr. 31 er p.t. udglet.

"POLYMERE STOFFERS VISCCELASTISKE EGENSKABER -
BELYST VED HIXLP AF MEKANISKE IMPEDANSMALIN -
GER MJSSBAUEREFFEKIMALTINGER" .

Projektrapport af: Crilles Bacher og Preben
Jensen.

Vejledere: Niels Boye Olsen og Peder Voet-
mann Christiansen.

"KONSTTTUERING AF FAG INIEN FOR TEXNISK - NATUR-
VIDENSKAEELIGE UDDANNELSER. I-II".
Af: Arne Jakobsen.

"ENVIRONMENTAL IMPACT AF WIND ENERGY UTILIZA~
IR,

ENERCY SERIES NO. I.

Af: Bent Sgrensen

Nr. 34 er udglet.
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Af: Helge Kragh.

36/80 "HVAD ER MENINCEN MED MATEMATIKUNDERVISNINGEN?".

Fire artikler.
Af: Mogens Niss.

37/80 "RENDWABRLE ENERCY AND ENERGY STORAGE".

ENERGY SERIES NO. 2.
Af: Bent Sgrensen.

38/81 “TIL EN HISTORIETEORI (M NATURERKENCELSE, TEKNOLOGI
OG SAMFUND".
Projektrapport af: Erik Gade, Hans Hedal, Henrik lLau
og Fimn Physant.
Vejledere: Stig Andur Pedersen, Helge Kragh og Ib
Thiersen.
Nr. 38 er p.t. udgdet.

33/81 "TIL KRITIKKEN AF VEKSTUKONOMIEN".
Af: Jens Hpjgaard Jensen.

40/81 WI@IW-@I@M@W
logivurdering”.

Projektrapport af: Arne Jergensen, Bruno Petersen og
Jan Vedde.
Vejleder: Per Nergaard.

41/81 "PLANNING AND POLICY OONSIDERATIONS RELATED TO THE

[ INTRODUCTION OF RENEWAELE ENERCY SOURCES INTO ENER-
GY SUPPLY SYSTEMS".

ENERGY SERIES NO. 3
Af: Bent Sgrensen.

42/B1 "VIDENSKAB TEORI SAMFUND - En introduktion til materialis-
tiske videnskabsopfattelser".

Af: Helge Kragh oa Stig Ancur Pedersen.

‘43/81 1."GIPARATIVE RISK ASSESSMENT OF TOTAL ENERGY SYSIE!‘S
2.“ADVANTAGES AND DISADVANTAGES OF DECENTRALIZATION".
ENERGY SERIES NO. 4,

Af: Bent Sgrensen.

44/8]1 "HISTORISKE UNDERSOGELSER AF DE EXSPERIMENTELLE FOR-
UDSETNINGER FOR RUTHERFORDS ATOMMODEL".

Projektrapport af: Niels Thor Nielsen.
Vejleder: Bent C. Jrrgensen,

45/82 Er aldrig udkommet.

46/82 "EXSEMPLARISK UNDERVISNING OG FYSISK EfRKENIISE—

1411 TILLUSTRERET VED TO EKSEMPLER". .
Projektrapport af: Torben O.0Olsen, lasse Rasmussen og
Niels Dreyer Sgrensen.

Vejleder: Bent C. Jorgensen.

47/82 “BARSEBACK OG DET VARST OFFICIELT-TRNKELIGE mm
ENERGY SERIES NO. 5.

Af: Bent Sgrensen.

48/82 "EN UNDERS(CELSE AF MATEMATIKUNDERVISNINGEN PA ADGANCS-
KURSUS TIL KZBENHAVNS TEKNIKUM".

Projektrapport af: Lis Eilertzen, Joroven Karrehak, Troels
lange, Preben Nerregaard, Lissi Pedesen, Laust Rishgj,
Lill Ren og Isac Showiki.

Vejleder: Mogens Niss.

49/82 "ANALYSE AF MILTISPEXTRALE SATELLITBILIEDER".
Projektrapport af: Preben Norreqaard.

Vejledere: Jprgen larsen og Rasmis Ole Rasmussen.

50/82 "HE!EEV MILIGEDER FOR VEDVARENIE ENERGI I EN
BBGY SERDS NO. 6.
.Rapport af: Bent Christensen, Bent Hove Jensen, Demnis
‘B. Mpller, Bjame Laursen, Bjame Lillethorup og Jacob-
Mprch Pedersen.
Vejleder: Bent Sgrensen.

51/82 "HVAD KAN ER‘GDT&E FOR AT AFHJELPE PIGERS BLOKERING

OVERFOR MATEMATIK 2"
Projektrapport af: Lis Eilertzen, Lissi Pedersen, Lill
Ron og Susamne Sterger.

52/82 "JESUSPENSION (F SPLITTING ELLIPTIC SYMBOLS"
Af: Bernhelm Booss og Krzysztof Wojciechowski.

53/B2 "THE CONSTTTUTION OF SUBJECTS IN ENGINEEFING
EDUCATION". . '
Af: Arne Jacobsen og Stig Andur Pedersen.

54/8: “FUTURES RESEARCH" - A Philosophical Analysis
of Its Subject-Matter and Methods.
Af: Stig Andur Pedersen og Johannes Vitt-Hanser.

55/82 "MATEMATISKE MIDELLER" - Litteratur p& Roskilde
Universitetsbibliotek.
En biografi.
Af: Else Hgyrup.

Vedr. tekst nr. 55/82 se ogsi tekst nr. 62/83.

56/82 "EN - 10 - MANGE" -
En undersggelse af matematisk ¢kologi.
Projektrapport af: Troels lange.
Vejleder: Anders Madsen.

57/83 “ASPECT EXSPERIMENTET"--
Skjulte variable i kvantemekanikken?
Projektrapport af: Tam Juul Andersen.
Vejleder: Peder Voetmarn Christiansen.
Nr. 57 er udgdet.

58/83 "MATEMATISKE VANDRINGER" - Modelbetragtnin-
ger over spredninc af dyr mellem smdbiotoper
i agerlandet.
Projektrapport af: Per Hammershej Jensen og
Lene Vagn Rasmssen.
Vejleder: Jergen Larsen.

59/83"THE METHODOLOGY OF ENERGY PLANNING".

ENERGY SERTIES NO. 7.
Af: Bent Sgrensen.

60/83 "MATEMATISK MOLEKSPERTISE"- et eksamel. .
Projektrapnort af: Erik O. Gade, Jergen Kar-
rebak og Preben Nerregaard.

Vejleder: Anders Madsen.

61/83 "FYSIKS IDEOLOGISKE FUNKTION, SOM ET EXSEMPEL
PA EN NATURVIDENSKAB - HISTORISK SET".
Projektraprort af: Annette Post Nielsen.'
Vejledere: Jens Heyrnp, Jens Hgjgaard Jensen
og Jergen Vogelius. .

62/83 “MATEMATISKE MODELLER" - Litteratur pd Roskilde
Universitetsbibliotek.
En biografi 2. rev. udgave.
Af: Else Hpyrup.

*GREATING ENERGY FUTURES:A SHORT GUITE TO ENER-
GY PLANNING".

ENERGY SERIES No. 8.

Af: David Crossley og Bent S¢rensen.

63/83

64/83 "VON MATEMATIK UND KRIEG".

Af: Berhelm Booss og Jens Heyrup.
€5/83 "ANVENDT MATEMATIX - TEORI ELLER PRAKSIS".
Projektrapport af: Per Hedegird Andersen, Kir-
sten Habekost, Carsten Holst-Jensen, Annelise
von Moos, Else Marie Pedersen og Erling Mpller
Pedersen.

Vejledere: Bernhelm Booss og Klaus Grimbaum.

66/83 "MATEMATISKE MOCELLER FOR PERIODISK SELEKTION
1 ESCHERICHIA OOLI".
Projektrapport af: Harme Lisbet Andersen, Ole
Richard Jensen og Klavs Frisdahl.
Vejledere: Jergen larsen og Anders Hede Madsen.

67/83 "ELEPSOITE METOIEN - EN NY METOCE TIL LINEAR °
PROGRAMMERING? " ’
Projektrapport af: Lonme Biilmann og Lars Boye.
Vejleder: Mogens Brun Heefelt.

68/83 "STOKASTISKE MODELLER 1 POPULATIONSGENETIK"

- til kritikken af teoriladede modeller.

Projektrapport af: Lise Odgird Gade, Susanne

Hansen, Michael Hviid og Frank Mplgdrd Olsen.

Vejleder: J¢rgen larsen.



69/83 “ELEVFORUDSLININGER I FYSIK"

70/83

71/83

72/83

73/83

- en test i l.g med kamentarer.
Af: Albert C. Paulsen.

*INDLARINGS - OC FORMIDLINGSPROBLEMER I MATEMATIK
PA VOKSENUNDERVISNINCSNIVEAU".

Projektrapport af: Hanne Lisbet Andersen, Tor-
ben J. Andreasen, Svend Age Houmann, Helle Gle~
rp Jensen, Keld Fl. Nielsen, lene Vagn Ras-
missen. i

Yejleder: Klaus Grimbaum og Anders Hede Madsen.

"PIGER OG FYSIK"

- et problem og en wdfordring for skolen?

Af: Karin Beyer, Sussanng Blegaa, Birthe Olsen,
Jette Reich og Mette Vedelsby.

“VERDEN TFVLGE PEIRCE" - to metafysiske essays,

om og af C.S Peirce._ .
‘Af: Peder Voetmann Christiansen.

PN ENERGIANALYSE AF LANDERUG"

~ gkologisk contra traditionelt.

ENERGY SERTES No. §

Specialeopoave i fysik af: Bent Hove Jensen,
Vejleder: Bent S¢rensen.

74/84

75/84

76/84

77/84

78/84

79/84

80/84

81/84

B2/84

“"MINIATURISERING AP MIKROELEKTRONIK" - am vi-
denskabeligojort teknologi og nytten af at lare
fysik.

Projektrapport af: Bodil Harder og Linda Szko-
tak Jensen.

Vejledere: Jens Hgjgaard Jensen og Bent C. Jgrgensen,

"MATEMATIKINCERVISNINGEN I FREMITIENS GYMASIUM"
- Case: Line®r programmering.

Projektrapport af: Morten Blarhej, Klavs Frisdahl
oc Frank Mslgaard Olsen.

Vejledere: Mogens Brnun Heefelt og Jens Bjgrmeboe.

"KERNEKRAFT I DANMARK?" - Et heringssvar indkaldt
af miljgministeriet, med kritik af miljestyrelsens
rapporter af 15. marts 1984.

INERGY SERIES No. lo

Af: Niels Bove Olsen og Bent Sgrensen.

"POLITISKE INTEXS - FUP ELLEPR FAKTIA?"
Oninionsundersecelser belyst ved statistiske
modeller.

Projektrapport af: Svend Age Houmann, Keld Nielsen
og Susanne Stender.

Vejledere: Jgruen larsen og Jens Bjgrneboe.

" JEVNSTRIMSLEININGSEVNE OG GITTERSTRUKTUT I
AMORFT GERVANIUM".

Specialrapport af: Hans Hedal, Frank C. Ludvigsen
oa Finn C. Physant.

Vejleder: Niels Boye Olsen.

"MATEMATTIK OC ALMENDANNELSE".

Projektrapport af: Henrik Coster, Mikael Wenner-
berg Johansen, Povl Kattler, Birgitte Lydholm
og Morten Overgaard Nielsen.

Vejleder: Bernhelm Booss.

"KURSUSMATERIALE TIL MATEMATIX B".
Af: Mogens Brun Heefelt.

"FREXVENSAFHANCIG LEDNINGSEWE 1 AMORFT GERMANTIM".
Specialeraprort af: Jgrgen Wind Petersen og Jan
Christensen,

Vejleder: Niels Boye Olsen.

"MATEMATIK - OC FYSTKUNDERVISNINGEN I CET AUTO ~
MATISERETE SAMFUND".

Rapport fra et seminar afholdt i Rvidovre

25-27 april 1983.

Red.: Jens Hgjgaard Jensen, Bent C. Jgroensen
og Mogens Niss.

100/85

101/85

102/85

83/84 "ON THE.QUANTITICATION OF SECURITY":
VEACE RESEARCH SERIES NO. 1
Af: Bent Sgrensen
nr. 83 er p.t. udgiet

84/84 'NOGLE ARTIKLER M MATEMATIK, FYSIK OG ALMENDANNELSE".
Af: Jens Hejgaard Jensen, Mogens Niss m. f1.

85/84 "CENTRIPUGALRECULATORER OG MATEMATIX" .
Specialerapport af: Per Hedegird Andersen, Carsten Holst-
Jensen, Else Marie Pedersen og Erlinc Mgller Pedersen.
Vejleder: Stioc Andur Pedersen.

“"SECURITY IMPLICATIONS OF ALTERNATIVE DEFENSE OPTIONS
FOP. WESTERN EUROPE". -
PEACE RESEARCH SERIES NO. 2 .

Af: Bent Sg¢rensen.

86/84

87/84 "A SIMPLE
SALIDS" .

Af: Jeppe C. Dyre.

"RISE, FALL AND RESURRECTION OF INFINITESIMALS".
Af: Detlef lavaowitz.

88/84

89/84 "FIERNVARMEOPTIMERING”.

Af: Bjarne Lillethorup og Jacob Mprch Pedersen.
90/84 "ENERGI I 1.G - EN TEORI FOR TILRETTELAGGELSE".
Af: Albert Chr. Paulsen.

"KVANTETEORI FOR GYMNASIET".

1. larervejledning

Projektrapport af: Biger lundgren, Henning Sten Hansen
oc John Johansson.

Vejleder: Torsten Meyer.

91/85

“"KVANTETEORI FOR GYMNASIET".

2. Materiale

Projektrapport af: Biger lamdgren, Henninc Sten Hansen
oa John Johansson.

Vejleder: Torsten Meyer.

92/85

93/85 "THE SEMIOTICS OF QUANTWM - NON - LOCALITY".

Af: Peder Voetmann Christiansen.
94/85 "TREENIGIEDEN BOURBAKI - generalen, mat@matikeren
oc anden”.

Projektrapport af: Morten Blamhgj, Klavs Frisdahl
oc Frank M. Olsen.
Vejleder: Mogens Niss.

"AN ALTERNATTV [EFENSE PLAN FOR WESTERN EURCPE".
PEACE RESEARCH SERIES NO. 3
Af: Bent Sgrensen

95/85

96/85 "ASPEKTER VED KRAFTVARMEFORSYNING'.
Af: Bjarme Lilletorup.
Vejleder: Bent Sgrensen.

"N THE PHYSICS OF A.C. HOPPING CONDUCTIVITY".
Af: Jeppe C. Dyre.

"VALGMULIGHETER 1 INFORMATIONSALIEREN".
Af: Bent Sgrensen.

97/85
98/85

"Der er langt fra Q til R",
Projektrapport af: Niels Jprgensen og Mikael Klintorp.
Vejleder: Stig Andur Pedersen.

"TALSYSTEMETS OPBYGNING".
Af: Mogens Niss.

"EXTENDED MOMENTUM THEORY FOR WINDMILLS IN
PERJURBATIVE FORM".
Af: Ganesh Sengupta.

99/85

OPSTILLING OG ANALYSE AF MATEMATISKE MYELLFR, BELYST

VED MOLELIFR OVER KZERS FOLEROPTACELISE OG - (MSEINING”.
ProYektrapport af: Lis Eilertzen, Kirsten Habekost, Lill Ren
og Susanne Stender.

Vejleder: Klaus Grinbaun.




103/85 "@PDSIE KOLDKRIGERE OG VIDENSKAEENS LYSE ITEER".
Projektrapport af: Niels Ole Dam og Kurt Jensen.
Vejleder: Bent Sgrensen.

104/85 "ANALOGREGNEMASKINEN OC LORENZLIGNINGER'.
Af: Jens Jzzer.

105/85"THE FREQUENCY LDEPENDENCE OF THF. SPPRIFIC HEAT AF THE
(3ASS REANSITIGM™.
Af: Tage Christensen.

"A SIMPLE MODEL AF AC HOPPING CONDUCTIVITY".

Af: Jeppe C. Dyre.

Contributions to the Third International Conference
on the Structure of Non - Crystalline Materials held
in Grencble July 1985.

106/85 "QUANTUM THEORY OF EXTENTED PARTICLES",
Af: Bent Serensen.

107/85 "EN MYG GOR INGEN EPIDEMI”,
~ flodblindhed som eksempel pd matematisk modelle-
ring af et epidemiologisk oroblem.
Projektrapport af: Per Hedecdrd Andersen, lars Boye,
CarstenHolst Jensen, Else Marie Pedersen og Erling
Mpller Pedersen.
Vejleder: Jesper larsen.

'108/85 "APPLICATIONS AND MODELIING IN THE MATEMATICS CUR -
RICULM" ~ state and trends - : ”

Af: Mogens Niss.

109/85 "OOX 1 STUDIETIDEN" - Cox's regressionsmodel anvendt pd N
129/86 "PFYSICE IN SOCIETY" .-

studentercoplysninger fra RIC.

| 120/86
121/86
122/86
123/86

124/86

"ET ANTAL STATISTISKE STANDARDMOCELIFR".
Af: Jgrgen Larsen

"SIMULATION I KONTINUERT TID".
Af: Peder Voetmann Christiansen.

"CN THE MECHANISM OF GLASS IONIC OONDUCTIVITY'.
Af: Jeppe C. Dyre.

"GYMNASIEFYSIKKEN OG IEN STORE VERIEN".
Fysiklarerforeningen, IMFUFA, RC.

"OPGAVESAMLING 1 MATEMATIK".

~ Samtlige opgaver stillet i tiden 1974-jan. 1986.

125/86

126/86

127/86

128/86

Projektrapport af: Mikael Wennerberg Johansen, Poul Kat-

ler og Torben J. Andreasen.
Vejleder: Jorgen larsen.

110/85"PLANKING FOR SECURITY".
Af: Bent Sgrensen

111/85 JORDEN RNDT PA FLALE KORT". -
Projektrapport af: Birgit Andresen, Beatriz Quincnes
og Jirmy Staal.
Vejleder: Mogens Niss.

112/85 "VIDENSKABFLIGGIRELSE AF DANSK TEKNOLOGISK INNOVATION
FREM TIL 1950 = BELYST VED EXSEMPLER".
Projektrammort af: Erik Odgaard Gade, Hans Hedal,
Frank C. Ludvigsen, Annette Post Nielsen oc Finn
Physant. .
Vejleder: Claus Bryld og Bent C. Jgrgensen.

113/85 "DESUSPENSION OF SPLITTING ELLIPTIC SYMBALS 11".
Af: Bermnhelm Booss og Krzysztof Wojciechowski.

' 114/8B5 "ANVENTELSE AF GRAFISKE METODER TIL ANALYSE

AF KONTIGENSTARELLER",
Projektrapoort af: Lone Biilmann, Ole R. Jensen
0g Anne-Lise von Moos.
Vejleder: Jergen larsen.
115/85 "MATEMATIKKENS UDVIKLING OP TIL RENESSANCEN".
Af: Mogens Niss.

"A PHENOMENCLOGICAL MOCEL FOR THE MEYER-
NELDFL, RULE",

2f: Jeppe C. Dyre.

"KRAFT & FJERNVARMEOPTIMERING"

2f: Jacob Mprch Pedersen.
Vejleder: Bent Sgrensen

116/85

117/85

118/85 ~TILFALDIGHEDEN OG NZDVENDIGHEDEN IFOLGE
PEIRCE OG FYSIKKEN".
sf: Peder Voetmann Christiansen

119/86 “"DET ER GANSKE VIST - - EUKLIDS FEMIE POSTULAT
KUNNE NOK SKAEBE RZRE 1 ANDEDAMMEN".
Af: Iben Maj Christiansen
Vejleder: Mogens Niss.

"UVBY,@ - systemet - en effektiv fotametrisk spektral-
klassifikation af B-,A- og F-stjerner”.
Projektrapport af: Birger Lundgren.

"OM UDVIKLINGEN AF DEN SPECIELLE RELATIVITETSTEORI".
Projektrapport af: Lise Odgaard & Linda Szkotak Jerser
Vejledere: Xa-in Beyer & Stig Andur Pederser:.

"GALOIS' BIDRAG TIL UDVIILINGEN AF DY ABSTRANT-
ALGEBRA".

Projektrapport af: Pernille Sand, lieine Larsern &
Lars Frandsen.

Vejleder: Mogens Niss. R

"SMAKRYB" - am ikke-standard analyse.
Projektrapport af: Niels Jergensen & Mikael Rlintorg.
Vejleder: Jeppe Dyre.

Lecture Notes 1983 (19£¢)
Af: Bent Sgrensen

130/86 "Studies in Wind Power"
: Af: Bent Serensen
131/86 "FYSIK OG SZMFUND" - Et integreret fysik/histor:e-
’ projekt om naturanskuelsens historiske udvinling
og dens samfundsm&ssige betingethed.
Projektrapport af: Jakob Heckscher, Scren Brerg,
Andy Wiered. ) -
Vejledere: Jens Heyrup, Jergen Vogelius,
Jens Hojgaard Jensen. -~
132/86 "FYSIK OG DANNELSE" i
Projektrapport af: Seren Brend,:Andy Wiercc.
Vejledere: Karin Beyer, Jorgen Vogelius.
133/86 "CHERNOBYL ACCIbENT: ASSESSING THE DATA.
ENERGY SERIES NO. 15.
AF: Bent Serensen.
134/87 *"THE D.C. AND THE A.C. ELECTRICAL TRANSPCRT IN AsSeTe SYSTZ
Authors: M.B.El-Den, N.B.Olsen, Ib Hest Pederse:,
Petr Visdor
135/87 “INTUITIONISTISK MATEMATIKS METODER OG ERKENDELSES-
. TECRETISKE FORUDSETNINGER"
MASTEMATIKSPECIALE: Claus Larsen
Vejledere: Anton Jensen og Stig Andur Pedersen
136/87 "Mystisk og naturlig filosofi: En skitse af kristendammens
forste og andet mode med grask filosofi"
Projektrapport af Frank Colding Ludvigsen
Vejledere: Historie: Ib Thiersen
Fysik: Jens Hojgaard Jensen
137/87 “HOPMODELLER FOR ELEKTRISK LEDNING 1 UORDNEDE

FASTE STOFFER" - Resume af licentiatafhandling
Af: Jeppe Dyre

Vejledere: Niels Boye Olsen og
Peder Voetmann Christiansen.



138/87 “JOSEPHSON EFFECT AND CIRCLE MAP.®

Paper presented at The International

Workshop on Teaching Nonlinear Phenomena

.8t Universities and Schools, "Chaos in -
Education". Balaton, Hungary, 26 April-2 May 1987.

By: Peder Voetmann Christiansen

13967 "Machbarkeit nichtbeherrschbarer Technik
@urch Fortschritte in der Erkennbarkeit
der Natur"

Af: Bernhelm Booss-Bavnbek
Martin Bohle-Carbonell

140/87 "ON THE TOPOLOGY OF SPACES OF HOLOMORPHIC MAPS"

By: Jens Gravesen

141/87 “RADICMETERS UDVIKLING AF BLODGASAPPARATUR -
ET TEKNOLOGIHISTORISK PROJEKT"
Projektrapport af Finn C. Physant
Vejleder: Ib Thiersen

142/87 “The Calderdn Projektor for Operators With
Splitting Elliptic Symbols”

by: Bernhelm Booss-Bavnbek og
Krzysztof P. Wojciechowski

143/87 "Kursusmateriale til Matemasik p& NAT-BAS"

af: Mogens Brun Heefelt:

144/87 “Context and Non-locality - A Peircean Approach

Paper presented at the Symposiur on the
Foundations of Moderr. Physics The Copenhagen
Interpretation 60 Years after the Camo Lecture.
Joerisuu, Finland, 6 - 8 august 1987.

By: Peder Voetmann Christianser.

145/87 "AIMS AND SCOPE OF APPLICATIONS AND
MODELLING IN MATHEMATICS CURRICULA"

Manuscript of a plenary lecture delivered at
1A 2, Kassel, FRG 8.-11.8.1987

By: Mogens Niss

146/87 "BESTEMMELSE AF BULKRESISTIVITETEN 1 SILICIUM"
~ en ny frekvensbaseret malemetode.
Pysikspeciale af Jan Vedde
Vejledere: Niels Boye Olsen & Perr viSCor

147/87 “Rapport om BIS pd NAT-BAS"
redigeret af: Mogens Brun Heefelt

148/87 "Naturvidenskabsundervisning med
Samfundsperspektiv"”

af: Peter Colding-lergensen DLH
Albert Chr. Paulsen
149/87 "In-Situ Measurements of the density of amorphous
germanium prepared in ultra high vacuum”
by: Petr ViEfor
150/87 “Structure and the Existerce of the first sharp

diffraction peak in armorphous germaniur
prepared in UHV and measured in-situ"

by: Petr Vik&or

151/87 "DYNAMISK PROGRAMMERING"

Matematikprojekt af:
Birgit Andresen, Keld Nielsern og Jimry Stamal

Vejleder: Mogens Niss

152/87

"PSEUDC-LIFFERENTIAL PROJECTIONS AND THE TOPCLOGY
OF CERTAIN SPATES OF ELLIPTIC BOUNDARY VALUE
PROBLENS™

by: Bernhelm Booss-Eavnbek
Krzysz:of P. Wojciechowski

153/88

154/88

155/88

15€/EE

157/88

158/88

159/82

o
o
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&
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161/88

162/88

163/88

164/88

16%/8€

"HALVLEDERTEKNOLOGIENS UDVIKLING MELLEM MILITERZ
0G CIVILE KRRFTER" -

Et eksempel pd humanistisr teknclogihistorie
Historiespeciale

Af: Hans Hedal
Vejleder: Ib Thiersen

“MASTER EQUATION APPROACH TO VISCOUS LICUIZZ AND
THE GLASS TRANSITION" -

By: Jeppe Dyre

"A NOTE ON THE ACTION OF THE POISSON SOLUTION
OPERATOR TO THE DIRICHLET PROBLENM FOF A FORMALLY
SELFADJOINT DIFFERENTIAL OPERATOR"

by: Michael Pedersen

"THE RANDOM FREL ENERGY BARRIEFR MODEL FOR AT
CONDUCTION IN DISORDERED SOLIDS*

by: Jeppe C. Dyre
" STABILIZATION OF PARTIAL DIFFERENTIAL EGTUA

BY FINITE DIMENSIONAL BOUNDARY FEEDEAZY C
A pseudo-differential approach."

by: Michael Pedersen

"UNIFIED FORMALISM FOR EXCESS CURRENT NOISE on
RANDOM WALFK. MODELS"™

by: Jeppe Dyre

"STUDIES IN SOLAF ENERGY”

by: Bernt Serensern

"LOOP GROUPS AND INSTANTONS IN DIMENSION Two"

by: Jens Gravesen

"PSEUDO-DIFFERENTIAL PERTURBATIONS ARND STAZILIZATICIN
OF DISTRIBUTED PARAMITER SYSTEMS:

Dirichlet feedback control problems®

by: Michael Pedersen

"PIGER & FYSIK - OG MEGET MERE"
AF: Karin Beyer, Sussanne Blegaa, Birthe Oiser.
Jette Reich , Mette Vedelsby

"EN MATEMATISK MODEL TIL BESTEMMELSE AF
PERMEABILITETEN FOR BLOD-NETHINDE-BARRIERER"

Af: Finn Langberg, Michael Jarden, lLars Frellesen

Vejleder: Jesper Larsen

"Vurdering af matematisk teknolog:
Technclogy Assessment
Technikfolgenabschatzung”

Af: Bernhelm Booss-Bavnbek, Glen Pate med
Martin Bohle-Carbonell og Jens Hejgaarc Jenser

"COMPLEX STRUCTURES IN THE NASH-MOSER CATEGORY"

by: Jens Graveser




166/88 "Grundbegreber i Sandsynligheds-
regningen"

Af: Jergen Larsen

167a/88 “BASISSTATISTIK 1. Diskrete modeller”

AL: Jorgen lLarsen

1675/88 “"BASISSTATISTIK 2. Kontinuerte
modeller"

Af: Jorgen lLarsen

¢ 168/88 “OVERFLADEN AF PLANETEN MARS"
Laboratorie-simulering og MARS-analoger
undersegt ved Mossbauerspektroskopi.

Fysikspeciale af:
Birger Lundgren

Veileder: Jens Martin Knudsen
Fys.Lab./HCO

169/88 "CHARLES.S. PEIRCE: MURSTEN OG MORTEL
TIL EN METAFYSIK."

Ferm artikler fra tidsskriftet "The Monist”
1891~93.
Introduktion og oversazttelse:

Peder Voetmanr Christeansen

170/88 “OPGAVESAMLING I MATEMATIK"

Samtlige opgaver stillet i tidern
1974 - juri 1888

171/BB “The Dirac Equatior with Light-Cone Data"
af: Johrny Tom Ottesen

172/88 "FYSIK OG VIRMEILIGHED"

Kvantemekarikkens grundlagsgrobler
i gymnasiet.

Fysikprojekt af:
Erik lund og Kur: Jenser

Vejledere: Albert Chr. Paulsen og
Peder Voetmanr Christiansen

173/88 "NUMEFISKE ALGORITMER"

af: Mogens Brun Heefelt

174/8% * GRAFISK FREMSTILLING AF
FRAKTALER OG KAOS"

af: Peder Voetmann Christiansen

- 175/89 " AN ELEMENTARY ANALYSIS OF THE TIME
DEPENDENT SPECTRUM OF THE NON-STATONARY
SOLUTION TO THE OPERATOR RICCATI EQUATION

af: Michael Pedersen

176/89 " A MAXIUM ENTROPY ANSATZ FOR NONLINEAR
RESPONSE THEORY"

af : Jeppe Dyre

177/89 “"HVAD SKAL ADAM STA MODEL TIL™

af: Morten Andersen, Ulla Engstrom,
‘Thomas Gravesen, Nanna Lund, Pia
Madsen, Dina Rawat, Peter Torstensen

Vejleder: Mogens Brun Heefelt

178/89 "BIOCSYNTESEN AF PENICILLIN - en matematisk model"

af: Ulla Eghave Rasmussen, Hans Oxvang Mortensen,
Michael Jarden

veileder i matematik: Jesper Larsen
biclogi: Erling Lauridsen

179a/89 "LERERVEJLEDNING M.M. til et eksperimeritelt foriet
om kaos"

af: Andy Wiered, Seren Brend og Jimmy Stasl

Vejledere: Peder Voetmann Christiansen
Karin Beyer

179b/89 "ELEVHRFTE: Noter til et eksperimentelt kursus con
kaos"

af: Andy Wiered, Seren Brond og Jimmy Staal

Vejledere: Peder Voetmann Christianser.
Karin Beyer

180/89 "KAOS I FYSISKE SYSTEMER eksemplificere: vecd
torsions~ og dobbel tpendul'.

af: Andy Wiered, Serer Brend og Jimmy Staal
Vejleder: Peder Voetmanr Christiansen

181/8% "A ZERO-PARAMETER CONSTITUTIVE RELATION FOF PUR
SHEAR VISCOELASTICITY"

(M)

by: Jeppe Dyre

sy

163/82 "MATEMATICAL PROBLEM SOLVING, MODELLING. APPLICATIONT -
AND LINKS TO OTHER SUBJECTS - State. trends ang

issues in mathematics instruction

by: WERNER BLUM, Kassel (FRG) og
NOGENS NISS, Roskilde (Denmark)

184/89 "En metode til bestemmelse af den frekvensafhangige -

varmefylde af en underafkelet veske ved glasovergange-.

af: Tage Emil Chriatensen

185/90 “EN MESTEN PERIODISK HISTORIE"
Et matematisk projekt
af: Steen Grode og Thoaas Jessen

Vejleder: Jacob Jacobsen

186/90 "RITUAL OG RATIONALITET i videnskabers udvikling'
redigeret af Arne Jakobsen og Stig Andur Pedersen

187/90 "RSA - et kryptografisk system”
af: Annemette Sofie Olufsen, Lars Frellesen
og Ole Msller Nielsen

Vejledere: Michasel Pedersen og Finn Munk

188/90 “FERMICONDENSATION - AN ALMOST IDE/fL GLASS TRANSITIOn"
by: Jeppe Dyre

189/90 "DATAMATER 1 MRTRMATIKUNDERVISNINGEN PA
GYMNASIET OG HQJERE LEREANSTALTER

af: Finn Langberg




190790

19i/80

182/90

193/90

i%4a 97

192:5/92

18grel

187/9%

198/90

"FIVE REQUIREMERTS FOR AN
AFFROXIMATE NONLINEAF RESPONSE
THEORY™

by: Jeppe Dyre

“"MOORE COHOMOLOGY, PRINCIPAL
BUNDLES AND' ACTIONS OF GROUFS
ON C*-ALGEBRAS" -

bv: lain Raeburn and Dana P. Williams

vAge-dependent host mor{ality in the
dyramics of endemic infectious diseases

and -

SIR-models of the epidemiology and natural
selectior of co-circulating influenza virus
with Dpartial cross-~immunity" .

by: Viggo Andreasen

“"Causal and Diagnostic Reasoning"

by: Stig Andur Pedersen

“DETERMINISTISK KAQS"

Frojektrapport af : Frank Olsen

“DETERMINISTISY. KAQS"
Kerselsrapper:

Projektrapport af: Frank Olsern

“STADIER PP FARATIGMETS VEJ™
Et projekt om der. videnskabelige udvikling
der fgrte til dannelse af kvantemekanikkern.

Frojekirappor: for 1. modul pd fysikuddar-
nelser., skrevet af:

Anja Boisen., Thomas Hougdrd. Anders Gerr
Larsen, Nicelai Ryge.

Veiieder: Peder Voetmann Christiansen

“EF KACS NIDVENIIGT®"

- er. projekiragpert om kaos' paradigmatiske
status i fysikken.

af: Johannes K. Nielser, Jimmy Staal og
reter Beggild

Vejleder: Peder Voetmann Christiansen

"Kontrafaktiske konditionaler i HOL

af: Jesper Voetmann, Hans Oxvang Mortenser og
Aleksander Hest-Madsen

Veileder: Stig Andur Federsen

"Metal-Isolator-Metal systemer"
Speciale

af: Frank QOlsen

199/90 “"SPREDT FAGTNING" Artikelsamling

af: Jens Hejgaard Jensen

200/90 "LINEAR ALGEBRA OG ANALYSE"

Noter til den naturvidenskabelige basis-
uddannelse.
af: Mogens Niss

201/90

"Undersegelse af atomare korrelationer i

anorfe stoffer ved rentgendiffraktion®

af: Karen Birkelund og Klaus Dahl Jensen
Vejledere: Petr Viscor, Ole Bakander

202/90

"TEGN OG KVANTER"

Foredrag og artikler, 1971-90.
- af: Peder Voetmann Christiansen.

“OPGAVESAMLING I

MATEMATIK" 1974-1990

afleser tekst 170/88

204/91 "ERRENDELSE OG KVANTEMEKRANIK"
et Breddemodul Pysik Projekt
af: Thomas Jessen )
Vejleder: Petr Vigcor

205/91 "PEIRCE'S LOGIC OF VAGUENESS"
by: Claudine Engel-Tiercelin

Department of Philosophy
Université de Paris-1
{Panthéon-Sorbonne)

206a+b/91 "GERMANIUMBEAMANALYSE SAMT

207/91

20891

209/91

210/91

211~

o
[

[
o
(29
©
v

A - GE TYNDFILMS ELEKTRISKE
EGENSKABER"

Bksperimentelt Pysikspeciale
af: Jeanne Linda Mortensen
og Annette Post Nielsen
Vejleder: Petr Visdor

"SOME REMARKS ON AC CONDUZTICN
IN DISORDERED SJLIDE™

bv: Jeppe C. Dyre
“LANGEVIN MOBDELS FOR SHEAF

FLUCTUATIONS IN FLOWE OF V1
ELASTIC LIoUIDE™

bv: Jeppe C. Dvre

"LORENZ GUIDE" Kompencium 11l der
danske fvsiker Ludvig Lerenz.
1829-91.

af: Helge Kragh

Dimension, Tower of Algebras.

“"Globa!
and Jones Index of Split Cfeperable

Subalgebras with Unitality Ceoncdrticon.

by: Lars Kadison

"7 SANTEEITES LUEREETE!
~ his-orien bag teorien for de wrmrlcies -z

af- Ligse Arleth. Charictze Gler".2.
Jane Hamger.. Linda Kymdiev, éwn-
Charlctte Nilssow. Karmz Tu

Veiledere -

cesrer Largen og Eerwins -

Eszse=Baunich

"Ilgease-Iviurel naturcl selestirv v oz
dirlcid koer

by Vige: Andreasew and Freddy F.(hrie




214|91

21%5|91

216191

"Hallej i steren" - om:
elektromagnetisme. Oplag
til undervisningsmateriale
i gymnasiet.

Af: Peter Gastrup,

Jeppe Guldager
Hans Hedal

Nils Kruse,
Kristian Hoppe,

Vejledere: Petr Viscor,

"Physics and Technology of Metal-
Insulator-Metal thin film structures
used &8s planar electron emitters

by: A.Delong, M.Drsticka, K.Hladil,
V.Kolarik, F.Olsen, P.Pavelka and
Petr Viscor.

"Kvantemekanik p& PC'eren"

af: Thomas Jessen

217/92

218/92

219/982 -

220/92

221/92

222792

224732

225/32

"Two papers on APPLICATIONS AND MODELLING
IN THE MATHEMATICS CURRTCULUM"

by: Mogens Niss

"A Three-Square Theorem"

by: Lars Kadison

“RUPNOK - stationsr stremning i elastiske rer"
af: Anja Boisen, Karen Birkelund, Mette Olufsen

Vejleder: Jesper Larsen

“Automatisk diagnosticering i digitale kredsleb"
af: Bjern Christensen, Ole Meller Nielsen

Vejleder: Stig Andur Pedersen

"A BUNDLE VALUED RADON TRANSFORM, WITH
APPLICATIONS TO INVARIANT WAVE EQUATIONS"

by: Thomas P. Branson, Gestur QOlafsson and
Henrik Schlichtkrull

On the Representations of some Infinite Dimensional
Groups and Algebras Related to Quantum Physics

by: Johnny T. Ottesen

TET FUNCTIONAL DETERMIKART
by: Thomas F. Branson

UNIVERSAL AC CONDUCTIVITY OF NON-METALLIC SOLIDS AT
LOW TEMPERATURES

by: Jeppe C. Dyre
"HATMODELLEN" Impedansspektrogkopi i ultrarent
en-krystallingk siliciwm

af: Anja Boisen, Anders Gorm Larsen, Jesper Varmer,

Johanmes K. Nielsen, Kit R. Hangen, Peter Boggild

og Thomas Hougaard

Vejleder: Petr Viscor

“METHODS AN MODELS FGR ESTIMATING THE GLOBAL
CIRCULATION OF SELECTEL EMISSIONS FROM ENERGY

CONVERSION"

by: Bent Sorenser

227/92

228/92

229/92

230/92

231A/92

231B/92

232/92

233/92

234/92

235/92

"Computersimulering og fysik"

af: Per M.Hansen, Steffen Holm,

Peter Maibom, Mads K. Dall Petersen,
Pernille Postgaard, Thomas B.Schreder,
Ivar P. Zeck

Vejleder: Peder Voetmann Christiansen

“Teknologi og historie”
Fire artikler af:

Mogens Niss, Jens Hoyrup, Ib Thiersen,

Hans Hedal

“Masser af information uden betydning"

En diskussion af informationsteorien

i Tor Nerretranders' "Mazrk Verden" og

en skitse til et alternativ basseret
pé andenordens kybernetik og semiotik.

af: Seren Brier

"Vinklens tredeling - et klassisk
problem"

et matematisk projekt af
Karen Birkelund, Bjern Christensen
Vejleder: Johnny Ottesen

"Elektrondiffusion i silicium - en
matematisk model”

af: Jesper Voetmann, Karen Birkelund,
Mette Olufsen, Ole Mgller Nielsen

Vejledere: Johnny Ottesen, H.B.Hansen

"Elektrondiffusion i silicium - en
matematisk model" Kildetekster

af: Jesper Voetmann, Karen Birkelung,
Mette Olufsen, Ole Moller Nielsen

Vejledere: Johnny Ottesen, H.B.Hansen

"Undersegelse om den simultane opdagelse
af energiens bevarelse og isardeles om
de af Mayer, Colding, Joule og Helmhol::z
udferte arbejder"

af: L.Arleth, G.I.Dybkjer, M.T.®stergadrc

Vejleder: Dorthe Posselt

"The effect of age-dependent host
mortality on the dynamics of an endemic
disease and

Instability in an SIR-model with age-
dependent susceptibility

by: Viggo Andreasen

"THE FUNCTIONAL DETERMINANT OF A FOUR-DIMENSION;
BOUNDARY VALUE PROBLEM"

by: Thomas P. Branson and Peter B. Gilkey
OVERFLADESTRUKTUR OG POREUDVIKLING AF KOKS

- Modul 3 fysik projekt -

af: Thomas Jessen




