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Abstract:

An approximate nonlinear response theory is derived by
maximizing the information theoretic entropy in the space
of fluctuations J(t) of the degree of freedom of interest,
subject to constant energy dissipation in the external
field. The resulting formalism expresses all cumulant
averages of J(t) in an external field in terms of equi-

librium averages.




l-inear response theory E;—?J is fundamental to much present
day work in solid state physics, chemical physies.'plasma
physics, etc. Its usefulness resta in the fact that the .
resporine to arn external fi.ld to first order is determined nolely
by ar @quilibrium avtocorrelation function. The,exténsien of
lirear respornse thecory to include highar order terms was
discussed already in the 1950's [6,8]. In contrast to tha linéar
case; tHe higheyr order terms carnct be expressed in terms of
equilibrium correlation functions of the degree of freedom under
éonsideration €91, The exact rionlinear response theory is
complex and has found little application. There is also the
qﬁesﬁi@n of the cornvergerce of the formal exparnsiorn in the
external %ield. Strong fields may induce . g. phase transitions
or self organizati&m, information about which aorne does not expect
tg be hidden im the equilibrium fluctuations. Despite these
wéservations, cne may ask whether a theory which predicts the
nonlirear rénponsa from equilibrium fluctuationas does exist, at
least as a reasonable approximation applicable not too far from
aquilibrium, In an attempt to answer this quentionithis paper |
discusses and gereralizes a little known ansatz for "nor-lirnear
respornse theory", due to Stratonovich [10]., The arsatz is here
derived from the maximum entropy principle. SBame simple exampies
are pivern and the validity of the ansatz is discussed. It is
argued that the arsatz represents, in a sernse, the simplest way a
system may becaome nonlinear.

The degree of freedom’of interest is qenofed by Q@ , it may be
microscopic or macroscopic. The underlying dynamics is assumed
tc be classical and 0 is assumed to be invariant under time-
revergsal. (O couples to an axternal field E via a term -~EQ

iri tne Hamiltonian. Only the case of a time—independent exterral



field will be considered. It is convenient to discuss response
and fluctuations in terms of JE)YER(E) In peneral, one is
irterested in not only the averapge (J% but alsoc in the
extaervral field autocorrelation function and perhaps higher order
AavVarages. To caleulate these quantities ore reeds to kKnow the
probability of any J(t)-fluctuation in the exterral field,

DEEJ(t)J . As mentiored above, even a complete krowledge of the

equilib;ﬁum Fluctuations, - B, [J(t)] , in general is ;ot enough- to
detewmiﬁe DEEJ(t)] . The task of finding PEEJ(t)J may be
viewed as a migsing informatiorn problem. In an external field
thera>is a certain rate of energy disgsipaticorn, and no more than
thiw and PLLJ(E)] igs krnown a priori,. The maximum entropy
formalism i8 a pgerneral method that, based on the insufficiert
information available, gives a least biased estimate of
probabilities (11, 121. I applications to & continuous problem
a referance measure is reeged. Irn the presernt case, irn order to
have & smooth trangsition to the zero field case this measure must

be P, LIC(E)], Thae maximum entropy raquiqﬂment leads to (11,123

/PE [_T(-E):l = /\/-l KPO []’({;ﬂ exp {\ Q\Ej:oj_('t)d{ (1)

wheire N is a normalization constant and %=Aﬁ)is & Lagrangian
multiplier, Normally, one would riow proceed to determine A

fraom the constraint, {. e. the snergy qissipation rate. In this
case, hawever, ﬁ is determined by furdamerital requirements of
statiatical mechanics. As shown by Bochkov and Kuzovliev [13, 143,
the time-reversal invariarce of the microscopic squations of

motiorn implies

P [Tw] { ~ .
oyE R ST ELT




wh v e (3 is the irnverse temperature. Equation (2) is derived byi
assuming thermal eqguilibrium at ltw—m followed by a decoupling:
of thne heat bath and evolution according to the caronical
equations of mation for the system interacting with the external
field. Qlternatively, the heat bath may be thoupht of as part of'
the system. These assumpticons are identical to those used by
Kubo in deriving lirnear response theory [(81. Equatiorn (8) is
alsa valid for any system which is described by a master
equationg in this case Eq. (2) follows From the prirvciple of
dwtaiiéd balarce. Since PglJ(t)] iy time—révev%al invariant,

Eqs. (1) and (2) imply A:-Fyz for all E , i. e,

/PE [j“ﬂz N P, [:mﬂ G.XP{F‘/Z EIEG)&%} , 3

Fguation (3) allows orne to caloulate all higher order
cumulant averages of J  in the exterval field, irv terms of
equi libriwm cumulants. The cumulants are defined by the

generating furnctional

D[u(t) E] L exP{Ju(‘E 'c)d-t}>

00 (v
Z = fou, dty KT (), -+ Tl ubh)-ulh)
h=f -® E

Il

and EZq. (3) implies

D Juw;£]= D [ute p4E; 0] - D:Leakjol

Fram Eq. (35) the mnonequilibrium cumulants may be found as
derivativeas with respect to  w(T) at usEQ o,

For the average of J one finds from Eq. (5)

w
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The first order term is that predicted by linear rasponseitheory,7
Nete that, for a macrosecopic Q@ , Eq. (6) is consistent in the
thermnodynamic limit since cumulants are additive for

indeperdently fluctuating quantities. An identity for the

I _ - _ . ey g=l o mint -
(n+1)'th cumulant average of AQ(t) = Q(L)-QO) 7, Lim & <AQ )U;)>° =

o0 - N - ) 7
= ' ' y all e t ite Eq. (6)
_IS{,...dth <3’(c),3'({:,), Ij‘({“)z . allows ore to rewrite Eq as

- L 't-l A L“ w4 Qi) (7)
<T>x§ -éamoo dw <€ o lu=PhE -

As a simple example of Eg. (7)), consider a particle performing a
Crandom walk inm one dimension on & lattice with lattice constant
a . 0 is the coordinate and J the velocity of the particle.
If there are N Jumps in time t 1t ie easny to see that
Q@‘AQ“’)O = cosh¥ (ua) . Bince N is Poissor distributed

arcurd a mean N=Mt , one has

00 N -
<Q“AQ({>D = QJVN /Cl! cosh N(UJl) = QN(COSh (ua)—[) (8)
=0

which implies

{v) = Ta sinh(FEa). @

This is the correct result 1if the random walk is realized as the
low temperature limit of a particle in a symmetric pericdic
potential obeying a Langevirn equationy the well-known Egq. (9)

follows from the fact that the field lowers the barrier for jumps




in the direction of E arnd increases the barrier for jumps
copposite to E . As arcother example of Eq. (7), cohsider the casé
wherr (@ is the x-coordinate of an atom in a liquid. Then Eq.

(7) exprosses the velocity af thé atom in a field in the x—.
dir@ctfon acting only on the atom. in terms of the equilibrium

incoherent intermediate scattering furnction Fg(k,t) :

: A B -
{v) = Lim (it) &_k—LM T (ki) I (10)-

CE 4560 | k= L

21

For simple gaussian diffusion Fg(k,t)mexp(-Dk¥t) [151. In this
case the regponse i3 exactly lirnear and Eq. (10) reduces to the
Nernst—Einstein relation betweer mobility and diffusion constant.
A more realistic fit to experiment is the prediction of the jump-
diffusion model [13,16] Fg(k,t) = expE—Dkzt/(1+Dsz°)J. From
this, Eq. (10) predicts the cnset of ronlinearity at fields for
which El@:{l where the length 1=|DT, in fits to data is of
order or@ interatomic spacing.

For the external field autocarrelation function Eq. (5)

<T(0)(;r(f)>5= (T(o), I({)z‘ + _%_5_5 :)(t <3'(0), ]’(i), T(‘él)>o

(11)

to (ﬁi)zﬁ dt, dt, (T0, T() Tl T)), + -

A example is the case when J is the electric current. For a
system with fregquercy-irndependerit conductivity the zercth order
term is & delta function, givirng rise to white noise. In most

canes the riext term is zero by symmetry ard the mo-called excens
current noise is given by the second order term. Excess current

noise 18 ubiguitous and usually has & 1/f spectrum [17-133. A



rumber of random walk models have beern studied to gain a better
warideratarnd g of  the phenomeriorn, Ty these models one Finos [EO-

(RS ]

t 4
{30) r(t>>E= ( FE)zJ a&zj 4t {70, T, T, T+ ok

which is eaquivalent to Eg. (11) because in random walk models
Lt | )y J (g )y (g, J gl i Y'u:«n—-zeer"::; only o F ‘I:,stz aricl ‘t;‘V ty
'Tﬁw permutations thereof) where 'tatﬁﬁeawﬁ fq“tiis a -
mLcroseoplo éime (20,13, -

The similarity betweern the right hand sides of Eqs. (&) and
{11) sugpests that a relation exists between (J)E and
<J(O),J(t))E . It is easy to shaow that

(3, = B fEused

Actually, this result is not approximate but & special case of an
gxact theorem due to Peterson [24).

Sirnce higher than second order cumulants are zero for a
gaussian system, the maximum entropy anéatz implies the resporse
is exactly linear whenever the equilibrium J-fluctuations are
gaussian. This is aralogous to what happens irn eguilibrium
statistical mechanics. A magretic system, for ingtarnce, has a
field indeperndernt susceptibility only if the free éenergy is
guadratic in the magretization. Note that rorigaussian
fluctuaticons survive irn the thermodymaﬁic limit, the central
Samit theoren rotwithstanding. A simple-example 2f this in
statistical mechanics i8 ernergy fluctuations in the canonical
€I | e, 7 tne energy Fluctuations are atriclly gaussian, Lhe
average engrgy 15 linear in {3 e the soecific heat varies as

-2

Whaerever this 1o st the case, Uhe evnerpgy Fluaotuaations are



nomgauséian.

The maximum erntropy fermalism has a long history of
applications to the problem of est;mating thé density matrix for
a rovequilibrium systenmn. This leads to a gereralization of
eauilibrium statistical mechanics which takes into accqunt the
limited amounmt of information available about the system [E5-29).
Some applications of the fﬂrmalfém characterize the non-—
equilibrium system by its energy digsipation rate [30,311]. As
shown above, when applied to the external Fieid induced "norn-
equilibrium“ in the J(t)-space, this idea leads to definite
predictions of the ronlinear response in terms of equilibrium
fluctuat iors. The resultivng arnsatz Eq. (3) has beer discussed
bw;efly by Bochkov and Kuzovlev [131, referring to earlier work
by Stratorcvich (1037, .Only the case w(T)=cornst. was considered
ang the discussicon was limited to Markovian systems. N
Justification of the arnsatz was givern except that it satisfies
the requirement of statistical mechanics Eq. (2). The maximum
entrmpy'prop&rty of the ansatz, on tﬁa q}her hand, shows that it
is the most reascnable, givern only a knowledge of the equilibrium
fluctuations, This does not guaranty the amsatz is correct,
Nowever. Ty look into this question, we firat discuss the
consequences of a phencmenclogical Larnpgevin equation for Q and
t%em an exact result.

| Suppose [ obeys a Lavnigevin equation _é = C F(Q) + }(t)
wﬁere FIM=F,(M+E is the gereralized force and }(t) is a
gaussiarn white roise termn. Ther the path—-probability is given by

” .
-l .
£3&, 331 PLO(EY] = N exp(-P/(4C[f[0(t)-CF(G(t))szt}, or
- 00

7, [0t] = B[t exp {5t de} expf-pEcSRlowia) o



The tranﬁfowmatioﬁ fram G(t) to Q(t) is lirear. Therefore,
Eq. (14) implies that the maximum entropy ansatz leads to correct
results whenever the last term is urnimportant. As an example,
consider again a partidia in one dimension in a periodic
potertial at low temperature. Because of the P CQ((t)] factor,
the important paths fluctuate for some time arcound a potential

eviergy minimum before suddernly "jumping” to a new mirnimum. Far

tgese ﬁéths fhe last term oFWEq. (14) is almost independgﬂt of
the wumber of minima traversed and may be igrnored for the
~alculation of (AQ(t))E

entropy ansatz leads to correct results in this case, as already

for large t . Thus, the maximum

shown in Eq. (9).
A result due to Furukawa sheds move light on the maximum
entropy ansatz. He showed that, for slowly fluctuating J(t)

the exact micrasmcopic equation of motion implies [341

00

P, [36]= N' P, [7e)] exp{fE [Tt + O(EZ)}. (19
Equation (13) shows that there are two different ways a system
may become nonlinear: Either 1) as an interplay between
nonpjaussian equilibrium J-fluctuations and the first order term,
or @) ag a result of the hipher order terms becoming important.
The first case is when the maximum entropy ansatz gives correct
resulta; this may be referred to as & "simple”" ronlinearity since
it results from the very same term in Eg. (13) that gives rigse to
the lirnear response. Uporn increasing thé exterrnal field, a
system may pass from linear throupgh simple nonlinear response to
firally the "complex" rion—lirvear regporae due to the higher order
terns, or it may go directly from the linear to complex nonlinear

RSB RETISE. The maximum entropy arsatz is never correct for the



latter systems, arnd in the former case it shouwld only be t»usted{j
at not oo 1argé external fields.

Yoo summarize, 1t has been shown that the maximum entropy
fFoormalism in conjurnction with statistical mechanics leads to
unique predictiowm foar the exterrnal field cumulant averapes of
Jt) -1n terms of eguilibrium averages. The arsatz Eg. (3) may
be justified irn other ways. It corresponds to Keepivig only the
first crder term in Eq. (15) which ig exact for glowly
fluctuating J(t) . This term is respongsible for the lirear
responsé, B the'ansatz is clearly the simplest way tb'
extrapolate linear respornse theory into the nanlinéar'regime.
The extrapolaticon has the praperty that the response is exactly
linear if.the equilibrium J—Fluctuations are pgaussiar. If Q@
obhbeys & Langevin equation, the ansatz fQ correct whermever the
laét term of Eq. (14) is unimportant; foﬁ slowly fluctuating
J ) tha.wmquiremant of consistency batween Eqe. (14) and (15)
implies that the extra terms of both equaticorns must ﬁe
irnsignificant and the maxinum entraopy ansatz must be correct.

Tﬁe ﬁaximum entropy ansatz solves a conceptual prablem, but
open questions remain regarding the validity and the‘pwactical
value of the ansatz. One obvicus problem is thaf the arngatz
predicts & universal form of the nonlinear response while one
expects the response tao depend on the way heat pererated by the
exterrnal field is removed. dn the other hand, the arsatz only
makes sense in situaticorns where the témberature is almost
constant throughout the sample (because tﬁe temperatuwé enters
inte Eq. (3)). In bulk cases this requiremert can be satisfied
For a fivern axternal field by working with a sufficiently small
sampleé; in this limit the problem of heating becomes

ingigrificant., -- Equation (13) implies the ansatz can only be

11



valid at rnot too large external fields. Alaeso, Eq. (13 implies
tﬁat a system may beccome nonl inear either by first exhibiting the
"simple" renlinearity predicted by the ansatz before becoming
"complex" rnonlinear, or by going directly frcm the linear to the
complex nornlinear ragime. In this connection it should be noted
that all formulas giver above may be pgereralized to several
dégrees of freedom. One may éﬁ%culate that, by including the

“mode-coupling“

terms to other relevant degraeérof freedom, a

complex monlihei;ity may be converted to a simple, thus
exterding the validity of the ansatz. ~— Evern wher the maximum
entropy ansatz is valid, the practical value of it is not clear
at present. It is possible that the calculation of the
equilibrium higher order cumulant averages requires at least as
much effort as a direct calculation of the ronlirear response.
Certainly, this is the case for the above discussed simple random
walk in ocrne dimersion. Orn the cother hand, Eg. (12) has provided
insight inteo the problem of 1/fFf noise Iin conductors. And, for
instance, Eq. (10) pgives explicit predicticrs for the resporise of
a single atom to an external force, based on a knowledge of the
equilibrium intermediate ircocherernt scattering furnction, a

quant ity which has been studied extensively [15].



Acknowledgements

The author is indebted ta Peter Wolyres for mumercus helpful
discusanions and suppestions relating to this work, and also for
hie mowt kind hospitality during the time thevwork was carried
aut. This work was supported by.the Danish Natural Science

Research Council.

13



-

o

1

+

o

10.

14.

16.

17.

18.

E.

"The Maximum Entropy Formalism'", ed. R. Levine arnd M. Tribus

References

Nyguist, Phys. Rev. 32, 110 (1928).

Onsager, Phys. Rev. 37, 405 and 38, 2263 (1931).°

5. Kirkwood, J. Chem. Phys. 14, 180 (1946).

B. Callen and T. A. Welton, Phys. Rev. 83, 34 (1351).
5. Gree;, J. Chem. Pﬁys. 20, 1281 kiBSE) .

Hubo, J.- Phys. Soc. Japan 12, 570 (1357).

P. Kadanrnoff and P. C. Martin, Ann. Phys. 24, 419 (1963).

Bernard and H. B. Callen, Rev. Mod. Phys. 31, 1017
(1983).

L. Stratonovich, Zh. Eksp. Teor. Fiz. 58, 1612 (1370)
(Sov. Phys. JETP 31, 864 (13970)1].

L. Stratornovich, Vestnik Mosk. Univ. Fiz.-Astr. 5, 1€
(1968) [in russianl,

T. Jaynes, Phys. Rev. 106, 620 and 108, 171 (1957).

{The MIT Press, Cambridge, Mnlllshuscttl, 1979).

N. Bochkov and Yu. E. Kuzovlev, Zh. Eksp. Teor. Fiz. 72,

238 (1977) [Sov. Phys. JETP 45, 123 (1977)1.

N. Bochkov and Yu, E. Kuzovlev, Physica 106R, 443 and
106A, 480 (1381).

P. Boon and S. Yip, "Molecular Hydrodyrnamics" (McGraw
Hill, New York, 19880).

S. Singwi and A. Sjyélander, Phys. Rev. 119, 8632 (1960).
A. Bell, J. Phys. C 13, 4425 (1980).

Dutta and P. M. Horn, Rev. Mod. Phys. 53, 497 (1981).
B. Weissmari, Rev. Mod. Phys. 60, 537 (1988).

J. Stanton and M. Nelkin, J. Stat. Phys. 37, 1 (1984).

M. Nieuwerhuizen and M. H. Ernst, J. Stat. Phys. 41,

14



s
[

o

fu
(2

v
H

1\
]

J.

(1985).

Machta, M. Nelkirn, Th. M., Nieuwerhuizen, and M. H. Ernst,
Phys., Rev. E 31, 7636 (138%5).

C. Dyre, Phys. Rev B 37, 10143 (1988).

L. Peterscocn, Rev. Mod. Phys. 39, 639 (1967).

T. Jayres, ini "Statistical Physics" (1963 Brandeis
Lectures, Veol., 3), ed. W. K. Ford (BenJamin; New York,
1963), p. 181.

Schwegler, Z. Naturforsch. 20A, 1543 (196%5).

Rc-b.er*tson, Phys. Rev. 144, 151 (1966).

N. Zubarev and V. P. HKalashnikov, Physica 46, 3530 (1970) .
T. Grandy Jv., Phys. Rep. 62, 175 (1980). |
Sato, Prog. Theor. Phys. 37, 1115 (1977).

M. Erown, J. Phys. A 1%, 2285 (1982).

Ornsager and S. Machlup, Phys. Rev. 91, 135035 (1953).
Riskern, "The Fokker-Planck Equation' (Sprinpger, Berlin,.
1984).

Furukawa, Prog. Theor. Phys. S4,, 370 (13735).

15






~ TEKSTER FRA IMFUFA

ROSKILDE UNIVERSITETSCENTER.

s

"TANKER OM EN PRAKst" - et matematikprojekt. .
Projektrapport af: Anne Jensen, Lena Linden-

* skov, Marianne Kesselhahn og Nicolai Lomholt. -

2/78

3/78

4/78

5/78

6/78

Nr.

Vejleder: Anders Madsen

"OPTIMERING" - Menneskets forggede beher-
skelsesmuligheder af natur og samfund.
Projektrapport af: Tom J. Andersen, Tommy
R. Andersen,Gert Krenge og Peter ll. Lassen
Vejleder: Bernhelm Boss.

"OPCAVESAMLING", breddekursus i fysik.
Af: Lasse Rasmussen, Aage Bonde Krammer
0og Jens Hgjgaard Jensen.

"TRE ESSAYS" - om matematikundervisning,
matematiklareruddannelsen oa videnskabs-
rindalismen.

Af: Mogens Niss

4 er n.t. udgdet.

"BIBLIOGRAFISK VEJLEDNING til studlet af
DEN MODERNE FYSIKS HISTORIE"

Af: Helge Kragh.

Nr. 5 er p.t. udgdet.

"NOGLE ARTIKLER OG DEBATINDLEG OM - larer-
uddannelse og undervisning i fysik, og - de
naturvidenskabelige fags situation efter
studenteroprgret”.

"Af: Karin Beyer, Jens Hpjgaard Jensen og

7/78

8/78

9/78

11/79

12/79

13/79

14/79

15/79

16/79

17/79

Bent C. Jdrgensen.

"MATEMATIKKENS FORHOLD TIL SAMFUNDS@KONOMIEN".
Af: B.V. Gnedenko.
Nr. 7 er udgdet.

"DYNAMIK OG DIAGRAMMER". Introduktion til
energy-bond-qgraph formalismen.
Af: lecder Voetmann Christiansen.

INDFLYDELSE PA MATEMATIKKENS UD -
"Nova Stere-~

"OM PRAKSIS'
VIKLING". - Motiver til Kepler's:
ometria Doliorum Vinariom".
Projektrapport af: Lasse Rasmussen .
Vejleder: Anders Madsen,

"TERMODYNAMIK I GYMNASIET".

Projektrapport af: Jan Christensen og Jeanne
Mortensen,

Vejledere: Karin Beyer og Peder Voetmann
Christiansen.

"STATISTISKE MATERIALER".
Af: Jsrgen Larsen.

"LINEERE DIFFERENTIALLIGNINGER OG DIFFEREN-
TIALLIGNINGSSYSTEMER".
Af: Mogens Brun Heefelt,

 Nx. 12 er udgdet.

"CAVENDISH'S FORS®PG I GYMNASIET".
Projektrapport af: Gert Kreinge.
Vejleder: Albert Chr. Paulsen.

"BOOKS ABOUT MATHEMATICS: History,
Education, Models, System Theory,
Af: Else He¢yrup.

Nr. 14 er p.t. udgdet.

Philosophy,

"STRUKTUREL STABILITET OG KATASTROFER i systemer

i og udenfor termodynamisk ligevagt".
Specialeopgave af: Leif S. Striegler.
Vejleder: Peder Voetmann Ckristiansen.

"STATISTIK I KREFTFORSKNINGEN".
Projektrapport af:
Vejleder: Jwrgen Larsen,

"AT SP¢RGE OG AT SVARE i fysikundervisningen®.
Af: Albert Christian Paulsen,

and Works of".

Michael Olsen og Jg¢rn Jensen.

18/79

19/79

20/79

21/79
22/79

23/79

"MATHEMATICS AND THE REAL WORLD", Procee-
dings af an International Workshop, Ros-
kilde University Centre, Denmark, 1978.
Preprint.

Af: Bernhelm Booss og Mogens Niss (eds )

"GEOMETRI, SKOLE OG VIRKELIGHED".
Projektrapport af: Tom J. Andersen,Tommy
R. Andersen og Per H.H. Larsen.

Yejleder: Mogens Niss.

"STATISTISKE MODELIER TIL BESTEMMELSE AF SIKRE
DOSER FOR CARCINOGENE STOFFER".

Projektrapport af: Michael Olsen og Jgm Jensen.
Vejleder: Jgrgen larsen

"KONTROL I GH%ESIED&OHMH.QGIKNSEGENSENK
Projéktrapport af: Crilles Bacher, Per S.Jensen,
Preben Jensen og Torben Nysteen.

"SEMIOTIK OG SYSTEMEGENSKABER (1)".
l-port linezrt response og stgj i fysikken.
Af: Peder Voetmann thisthmnmmt

"ON THE HISTORY AF EARLY WAVE MECHANICS - with
special emphasis on the role af realltlvity"
Af: Helge Kragh

24/80
atb

25/80
26/80

27/80

28/80

29/80

30/80

31/80

32/80

33/80

34/80

"MATEMATIKOPFATTELSER HOS 2.G'ERE".

1. En analyse. 2. Interviewmateriale.
Projektrapport af: Jan Christensen og Knud
Lindhardt Rasmussen.

Vejleder: Mogens Niss.

"EKSAMENSOPGA , Dybdemodulet/fysik 1974-79.
"OM MATEMATISKE MODELLER".

En projektrapport og to artikler.

Af: Jens Hgjgaard Jensen m.fl.

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

"DILLERTRISK DELAXATICN -..et -forslag til en ny
model bygget pd veskernes viscoelastiske egen-
skaber".

Projektrapport af: Gert Kreinge.

Vejleder: Niels Boye Olsen.

"ODIN - undervisningsmateriale til et kursus i
differentialligningsmodeller"”.

Projektrapport af: Tammy R. Andersen, Per H.H.
Larsen og Peter H. Lassen.

Vejleder: Mogens Brun Heefelt.

"FUSIONSENERGIEN - - ~ ATOMSAMFUNLETS EﬂESQMEH
oN".

Af: Oluf Danielsen.

Nr. 30 er udgdet.

"VIDENSKABSTEORETTSKE PROBLEMER VED UNDERVISNINGS -
SYSTEMER BASERET PA MINGDELARE".

Projektrapport af: Troels Lange og Jgrgen Kar-
rebak.

Vejleder: Stig Andur Pedersen.

Nr. 31 er p.t. udgdet.

"POLYMERE STOFFERS VISOOELASTISKE EGENSKABER -~
BELYST VED HJELP AF MEKANISKE IMPEDANSMALIN -
GER MUSSBAUEREFFEKTMALINGER".

Projektrapport af: Crilles Bacher og Preben
Jensen.

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

"KONSTITUERING AF FAG INDEN FOR TEKNISK - NATUR-
VIDENSKABELICGE UDDANNELSER. I-I11".
Af: Arne Jakobsen.

"ENVIFONMENTAL IMPACT AF WIND ENERGY UTILIZA-
TIQ‘] ll

ENERCY SERIES NO. I.

Af: Bent Sgrensen

‘Nr. 34 er udgdet.



35/80

36/80

37/80

"HISTORISKE STUDIER I DEN NYERE ATOMFYSIKS UDVIKLING".
Af: Helge Kragh.

"HVAD ER MENINCEN MED MATEMATIKUNDERVISNINGEN?".
Fire artikler.
Af: Mogens Niss.

"RENEWABLE ENERCY AND ENERGY STORAGE".
ENERGY SERIES NO. 2.
Af: Bent Sgrensen.

38/81

39/81

40/81

41/81

42/81

43/81

44/81

“TIL EN HISTORIETEORT OM NATURERKENDEISE, TEKNOLOGI
OG SBMFUND".

Projektrapport af: Erik Gade, Hans Hedal, Henrik Lau
og Finn Physant.

Vejledere: Stig Andur Pedersen, Helge Kragh og Ib
Thiersen.

Nr. 38 er p.t. udgaet.

“TII, KRITIKKEN AF VEKSTZKONCMIEN". -
Af: Jens Hpjgaard Jensen.

"TELEKOMMUNIKATION I DANMARK - oplag til en tekno~
logivurdering”.

Projektrapport af: Arne Jgrgensen, Bruno Petersen og
Jan Vedde.

Vejleder: Per Ngrgaard.

"PLANNING AND POLICY CONSIDERATIONS RELATED TO THE
INTRODUCTION OF RENEWABLE ENERGY SOURCES INTO ENER-
GY SUPPLY SYSTEMS".

ENERGY SERIES NO. 3.

Af: Bent Sgrensen.

"VIDENSKAB TEORTI SAMFUND - En introduktion til materialis-
tiske videnskabsopfattelser".
Af: Helge Kragh og Stig Andur Pedersen.

1."COMPARATIVE RISK ASSESSMENT OF TOTAL ENERGY SYSTEMS".
2. "ADVANTACES AND DISADVANTAGES OF DECENTRALIZATION".
ENERGY SERIES NO. 4.

Af: Bent Sgrensen.

"HISTORISKE UNDERS@CELSER AF DE EKSPERIMENTELLE FOR-
UDSETNINGER FOR RUTHERFORDS ATOMMODEL".
Projektrapport af: Niels Thor Nielsen.

Vejleder: Bent C. Jdrgensen,

45/82

46/82
1+11

47/82

48/82

49/82

50/82

51/82

Er aldrig udkommet.

"EXKSEMPLARISK UNDERVISNING OG FYSISK ERKENDESE-
ILLUSTRERET VED TO EKSEMP .

Projektrapport af: Torben 0.0Olsen, lasse Rasmissen og
Niels Dreyer Sgrensen.

Vejleder: Bent C. Jgrgensen.

"BARSEBACK OG DET VERST OFFICIELT-TENKELIGE UHELD".
ENERGY SERIES NO. 5.
Af: Bent Sgrensen.

"EN UNDERSZCELSE AF MATEMATIKUNDERVISNINGEN PA ADGANCS~
KURSUS TIL KPBENHAVNS TEKNIKUM".

Projektrapport af: Iis Eilertzen, Jgrgen Karrebak, Troels
lange, Preben Ngrregaard, Lissi Pedesen, Laust Rishgj,
Lill Rgn og Isac Showiki.

Vejleder: Mogens Niss.

YANALYSE AF MULTISPEKTRALE SATELLITBILIEDER".
Projektrapport af: Preben Ngrregaard.
Vejledere: Jorgen larsen og Rasms Ole Ragmussen.

"HERSIEV ~ MILIGHEDER FOR VEINWARENDE ENERGI I EN
LANDSBY".

ENERGY SERIES NO. 6.

Rapport af: Bent Christensen, Bent Hove Jensen, Demnis
B. Mgller, Bjarne Laursen, Bjame Lillethorup og Jacob
Mprch Pedersen.

Vejleder: Bent Sgrensen.

“HVAD KAN DER GZRES FOR AT AFHJFIPE PIGERS BLOKERING
OVERFOR MATEMATIK 2"

Projektrapport af: Lis Eilertzen, Lissi Pedersen, Lill
Rgn og Susamne Sterder.

52/82

53/82

54/8%

55/82

56/82

"DESUSPENSION- OF SPLTITTING ELLIPTIC SYMBOLS"
Af: Bernhelm Booss og Krzysztof Wojciechowski.

"THE CONSTITUTION-CF SUBJECTS IN ENGINEERING
EDUCATION".
Af: Arne Jacobsen og Stig Andur Pedersen.

"FUTURES RESEARCH" =~ A Philorophical Analysis
of Its Subject-Matter and Methods.
Af: Stig Andur Pedersen og Johannes Witt-Hansen.

"MATEMATISKE MODELLER" - Litteratur pd Roskilde
Universitetsbibliotek.

En biografi.

Af: Else Hgyrup.

Vedr. tekst nr. 55/82 se ogsd tekst nr, 62/83.

"EN — TO - MANGE" -

En undersggelse af matematisk ¢kologi.
Projektrapport af: Troels Lange.
Vejleder: Anders Madsen.

57/83

58/83

"ASPECT EKSPERIMENTET"-

Skjulte variable i kvantemekanikken?
Projektrapport af: Tom Juul Andersen.
Vejleder: Peder Voetmann Christiansen.
Nr. 57 er udgdet.

"MATEMATTISKE VANDRINGER" - Modelbetragtnin-—
ger over spredning af dyr mellem smibiotoper
i agerlandet.

Projektrapport af: Per Hammershgj Jensen og
Lene Vagn Ragmissen.

Vejleder: Jgrgen Larsen.

59/83"THE METHODOLOGY OF ENERGY PLANNING".

60/83

61/83

62/83

63/83

64/83

65/83

66,83

67/83

68/83

ENERGY SERIES NO. 7.

"MATEMATISK MODEKSPERTISE"~- et eksempel.
Projektrapport af: Erik O. Gade, J¢rgen Kar—
rebak og Preben Ngrregaard.

Vejleder: Anders Madsen.

"FYSIKS IDECLOGISKE FUNKTION, SOM ET EKSEMPEL
PA EN NATURVIDENSKAB - HISTORISK SET".
Projektrapport af: Annette Post Nielsen.
Vejledere: Jens Hgyrup, Jens Hpjgaard Jensen
og Jgrgen Vogelius.

“MATEMATISKE MODELIER" - Litteratur pd Roskilde
Universitetsbibliotek.

En biografi 2. rev. udgave.

Af: Else Hgyrup.

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

ENERGY SERIES No. 8.

Af: David Crossley og Bent Sgrensen.

"VON MATEMATIK UND KRIEG".
Af: Berhelm Booss og Jens Hgyrup.

"ANVENDT MATEMATIK - TEORI ELIER PRAKSIS".
Projektrapport af: Per Hedegérd Andersen, Kir-
sten Habekost, Carsten Holst-Jensen, Annelise
von Moos, Else Marie Pedersen og Erling Mgller
Pedersen.

Vejledere: Bernhelm Booss og Klaus Grinbaum.

"MATEMATISKE MODELIFR FOR PERIODISK SELEKTION
I ESCHERICHIA COLIY.

Projektrapport af: Hanne Lishet Andersen, Ole
Richard Jensen og Klavs Frisdahl.

Vejledere: Jorgen Larsen og Anders Hede Madsen.

"ELEPSOIDE METODEN -~ EN NY METODE T LINEER
PROGRAMMERING?"

Projektraprort af: Ione Biilmann og Lars Boye.
Vejleder: Mogens Brun Heefelt.

"STOKASTISKE MODELIER I POPULATIONSGENETIK"
- til kritikken af teoriladede modeller.
Projektrapport af: Lise Odgdrd Gade, Susanne
Hansen, Michael Hviid og Frank Mplgard Olsen.
Vejleder: Jgrgen Larsen.



69/83 "EIEVFORUDSETNINGER I FYS
~ en test i 1.9 med kcmmentarer.

Af: Albert C. Paulsen.

.

70/83 " INDLERINGS - OC FORMIDLINGSPROBLEMER 1 MATFMATIK
PA VOKSINUNDERVISNINCSNIVEAU" .

Projektrapport af: Hanne Lisbet BAndersen, Tor—
ben J. Andreasen, Svend Age Houmann, Helle Gle-
rup Jensen, Keld Fl. Nielsen, Lene Vagn Ras-
mssen.

Sleﬂeder Klaus Grinbaum og Anders Hede Madsen.
71/83 "PIGE‘.R 0G FYSIK"

- et problem og en udfordring for skolen?

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

72/83 "VERDEN IFYLGE PEIRCE"
om og af C.S Peirce.
Af: Peder Voetmann Christiansen.

- to metafysiske essays,

73/83 ""EN ENERGINNALYSE AF LANDBRUG"

- ¢kologisk contra traditionelt.

ENERGY" SERIES N8. 9

Specialeopgave i fysik af: Bent Hove Jensen,
Vejleder: ‘Bent Sgrensen.

83/84 "ON THE CQUANTIFICATION OF SECURITY":
DEACE RESEARCH SERIES NO. I
Af: Bent Sgrensen
nr. 83 er p.t. udgiet

84/84 "NOCLE ARTIKLER OM MATEMATIK, FYSIK OG ALMINI DL
Af: Jens Hpjgaard Jensen, Mogens Niss m. fl.

85/84 " CENTRIFUGALRECULATORER OG 'MATEMATIK" .
Specialerapport af: Per Hedegérd Andersen, Carsten Holst—
Jensen, Else Marie Pedersen og Erling Mpller Pedersen.
Vejleder: Stig Andur Pedersen.

86/84 "SECURITY IMPLICATIONS OF ALTERNATIVE DEFENSE OPI‘IONS
FOR. WESTERN EUROPE".
PEACE RESEARCH SERIES NO. 2
Af: Bent Sgrensen.

87/84 "A SIMPLE MODEL CF AC HOPPING CONDUCTIVITY IN DISORDERED
SOLIDS". .
Af: Jeppe C. Dyre.

88/84 "RISE, FALL AND RESURRECTION OF INFINITESIMAIS".
Nf: Detlef Laugwitz.

89/84 “FJERVVARMEOPTIMERING .
Af: Bjarme Lillethorup og Jacob Mprch Pedersen.

"MINIATURISERING AF MIKROELEKTRONIK" - om vi-
denskabeliggjort teknologi og nytten af at lare
fysik.

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

74/84

Vejledere: Jens Hpjgaard Jensen og Bent C. Jgrgensen,

"MATEMATTKUNCERVISNINGEN I FREMTIDENS GYMNASIUM"
- Case: Line®r programrering.

Projektrapport af: Morten Blomhgj, Klavs Frisdahl
og Frank Mglgaard Olsen.

Vejledere: Mogens Brun Heefelt og Jens Bjgrneboe. -

75/84

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

ENERGY SERIES No. lo

Af: Niels Boye Olsen og Bent Sgrensen.

76/84

"POLITISKE INLEKS - FUP ELLER FAKTA?"
Opinionsunders¢gelser belyst ved statistiske
modeller.

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

Vejledere: Jgrgen Larsen og Jens Bjgrneboe.

77/84

78/84 "JEVNSTRMSLEININGSEVNE OG GITTERSTRUKTUT I
AMDRFT GERMANIUM".

Specialrapport af: Hans Hedal, Frank C. ILudvigsen
og Finn C. Physant.

Vejleder: Niels Boye Olsen.

"MATEMATIK OC ALMENDANNELSE".

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

Vejleder: Bermhelm Booss.

79784

80/84 "KURSUSMATERIALE TIL MATEMATIK B",

Af: Mogens Brun Heefelt.

81/84
Specialerapprort af: Jgrgen Wind Petersen og Jan
Christensen.

Vejleder: Niels Boye Olsen.

82/84 "MATEMATIK - OG FYSIKUNDERVISNINGEN I DET AUTO ~

MATISEREDE SAMFUND".

Rapport fra et seminar afholdt i Hvidovre

25<27 april 1983.

Red.: Jens Hppjgaard Jensen, Bent C. J@rgensen

og Mogens Niss.

"FREKVENSAFHANGIG LEDNINGSEVWNE I AMORFT GERMANIUM".

90/84 "ENERGI I 1.G - EN TEORI FOR TILRETTELAGGELSE".
Af: Albert Chr. Paulsen.

91/85 "KVANTETEORI FOR GYMNASIET".

1. Larervejledning

Projektrapport af: Biger I_undgren Hennmg Sten Hansen
og John Johansson. )
Vejleder: Torsten Meyer.

92/85 "KVANTETEORI FOR GYMNASIET".
2. Materiale
Projektrapport af: Biger Lundgren, H:-mning Sten Hansen
og John Johansson.
Vejleder: Torsten Meyer.

93/85 "THE SEMIOTICS OF QUANTUM - NON - LOCALI’I‘Y"
Af: Peder Voetmann C:lu'istlansen

94/85 "TREENIGIEDEN BOURBAKI ~ generalen, matarati.keren
og anden".
Projektrapport af: Morten Blomhgj, Klavs Frisdahl
og Frank M. Olsen. ‘
Vejleder: Mogens Niss.

95/85 "AN ALTERNATIV DEFENSE PLAN FOR WESTERN EURCPE".
PEACE RESEARCH SERIES NO. 3
Af: Bent Sgrensen

96/85"ASPEKTER VED KRAFTVARMEFORSYNING".
Af: Bjarne Lilletorup.
Vejleder: Bent Sg¢rensen.

97/85 "ON THE PI-IYS-ICS OF A.C. HOPPING OONDUCTIVITY".
Af: Jeppe C. Dyre.

98/85 "VALGMULIGHEDER I INFORMATIONSALDEREN",
Af: Bent Sgrensen.

99/85 "Der er langt fra Q til R".
Projektrapport af: Niels Jgrgensen og Mikael Klintorp.
Vejleder: Stig Andur Pedersen.

100/85 "TALSYSTEMETS OPBYQGNING".
Af: Mogens Niss.

101/85 “EXTENDED MOMENTUM THEORY FOR WINDMILLS IN
PERTURBATIVE FORM".
Nf: Ganesh Serigupta.

102/85 OPSTILLING OG ANALYSE AF MATEMATISKE MODELLER, BELYST
VED MODELLER OVER KZERS FODEROPTACEISE OG - OMSEINING”.

Projektrapport af: Lis Eilertzen, Kirsten Habekost, Lill an

og Susarmne Stender.
Vejleder: Klaus Griinbaum.



103/85 "¢DSLE KOLDKRIGERE OG VIDENSKABENS LYSE IDEER".
- Projektrapport af: Niels Ole Dam og Kurt Jensen.
Vejleder: Bent Sgrensen.

104/85 "ANALOGREGNEMASKINEN OG LORENZLIGNINGER".
Af: Jens Jxger.

105/85"THE FREQUENCY DEPENDENCE O'F THF SPRCIFIC HEAT AF THE
GLASS REANSITICRT.
Af: Tage dnﬁsuamen.

A SIMPLE MODEL AF AC HOPPING CONDUCTIVITY". B
Af: Jeppe C. Dyre. ’ :
Contributions to the Third Intemational Conference

on the Structure of Non - Crystalline Materials held
in Grencble July 1985.

106/85 "QUANTUM THEORY OF EXTENDED PARTICLES".
Af: Bent Sgrensen.

107/85 "EN MYG G¢R INGEN EPIDFMI"

- = flodblindhed som eksernpei pd matematisk modelle--—

ring af et epidemiologisk problem.

Projektrapport af: Per Hedegdrd Andersen, lars Boye,.-
- CarstenHolst Jensen, Else Marie Pedersen og Erling

Mpller Pedersen.

Vejleder: Jesper Larsen.

108/85 "APPLICATIONS AND MODELLING IN THE MATEMATICS CUR -
RICULIM" - state and trends - =

Af: Mogens Niss.

109/85 "COX I STUDIETILEN"
studenteroplysninger fra KIC,

Projektrapport af: Mikael Wennerberg Johansen, Poul Kat-

ler og Torben J. Andreasen.
Vejleder: Jgrgen Larsen.

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

111/85 JORDEN RUNDT PR FLADE KORT".
Projektrapport af: Birgit Andresen, Beatriz Quincnes
og Jimmy Staal.
Vejleder: Mogens Niss.

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

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

114/85 “"ANVENDELSE AF GRAFISKE METODER TIL ANALYSE
AF KONTIGENSTABELLER",
Projektrapport af: lone Biilmamnn, Ole R. Jensen
og Anne-Lise von Moos.
Vejleder: Jdrgen Larsen.
115/85 “MATEMATIKKENS UDVIKLING OP TIL RENESSANCEN".
Af: Mogens Niss.
116/85 "A PHENOMENOLOGICAL MODEL FOR THE MEYER-
NELDET, RULE",
Af: Jeppe C. Dyre.
Y"KRAFT & FJERNVARMEOPTIMERING"

Af: Jacob Mprch Pedersen.
Vejleder: Bent Sgrensen

117/85

118/85 TILFELDIGHEDEN OG NZDVENDIGHEDEN IFYLCE
PEIRCE OG FYSIKKEN".
Af: Peder Voetmann Christiansen

119/86 "DET ER GANSKE VIST - - EUKLIDS FEMIE POSTUIAT
KUMNE NOK SKABE RRE I ANDEDAMMEN".
Af: Tben Maj Christiansen
Vejleder: Mogens Niss.

- C&x's regressionsmodel anvendt pd

' 120/86 "ET ANTAL STATISTISKE STANDARTMODELLER".

Af: Jprgen Larsen

121/86"SIMULATION I KONTINUERT TID".
Af: Peder Voetmann Christiansen.

122/86 "ON THE MECHANISM OF GLASS IONIC CONDUCTIVITY".
Af: Jeppe C. Dyre.

123/86 "GYMNASIEFYSIKKEN OG DEN STORE VERIEN",
Fysiklererforeningen, IMFUFA, RUC.

124/86 “OPGAVESAMLING I MATEMATTK". -
Samtlige opgaver stillet i tiden 1974-jan. 1986.

125/86 "UVBYf% - systemet - en effektiv fotometrisk spektral-
klassifikation af B-,A- og F-stjerner”.
Projektrapport af: Birger Lundgren. ’

126/86 "OM UDVIKLINGEN AF DEN SPECIELLE RELATIVITETSTEORI".
Projektrapport af: Lise Odgaard & Linda Szkotak Jensen
Vejledere: Kain Beyer & Stig Andur Pedersen.

127/86 "GALOIS' BIDRAG TTL UDVIXLINGEN AF DEN AB‘ST"(A."I""
ALGEBRA" .
Projektrapport af: Pernllle Sand, Heine Larsen &
Lars Frandsen.
_ Vejleder: Mogens Hiss.

128/86 "SMAKRYB" - om ikke-standard analyse.
Projektrapport af: Niels Jorgensen & Mikael Klintorp.
Vejleder: Jeppe Dyre.

129/86 "PHYSICS IN SOCIETY"

Lecture Notes 1983 (1986)

Af: Bent Sgrensen

"Studies in Wind Power"
Af: Bent Serensen

130/86

"FYSIK OG SAMFUND" - Et integreret fysik/historie-
projekt om naturanskuelsens historiske udvikling
og dens samfundsmessige betingethed.
Projektrapport af: Jakob Heckscher, Seren Brend,
Andy Wiered.

Vejledere: Jens Heyrup,
Jens Hejgaard Jensen.

131/86

Jergen Vogelius,

"FYSIK OG DANNELSE"
Projektrapport af:
Vejledere: Karin Beyer,

132/86
Spren Brend, Andy Wiered.
Jorgen Vogelius.

"CHERNOBYL ACCIDENT: ASSESSING THE DATA.
ENERGY SERIES NO. 15.
AF: Bent Sgrensen.

133/86

134/87 "THE D.C. AND THE A.C. ELECTRICAL TRANSPORT IN AsSeTe SYSTEM"
Authors: M.B.El-Den, N.B.Olsen, Ib lest Pederscn,
Petr Viscor
"INTUITIONISTISK MATEMATIKS METODER OG ERKENDELSES-

135/87
: TEORETISKE FORUDSETNINGER"

MASTEMATIKSPECIALE: Claus Larsen
Vejledere: Anton Jensen og Stig Andur Pedersen

136/87 "Mystisk og naturlig filosofi: En skitse af kristendammens

forste og andet mgde med gresk filosofi"
Projektrapport af Frank Colding Ludvigsen

Vejledere: Historie: Ib Thiersen
Fysik: Jens Hejgaard Jensen

"HOPMODELLER FOR ELEKTRISK LEDNING I UORDNEDE
FASTE STOFFER" - Resume af licentiatafhandling

Af:

Vejledere: Niels Boye Olsen ug
Peder Voetmann Christiansen.

137/87

Jeppe Dyrc



138/87 "JOSEPHSON EFFECT AND CIRCLE MAP."

Paper presented at The International
Workshop on Teaching Nonlinear Phenomena
.at Universities and Schools, "Chaos in

Education", Balaton, Hungary, 26 April-2 May 1987.

By: Peder Voetmann Christiansen

13 9/87 "Machbarkeit nichtbeherrschbarer Technik
durch Fortschritte in der Erkennbarkeit
der Natur"

Af: Bernhelm Booss-Bavnbek
Martin Bohle-Carbonell

. 146/87 "ON T TOPOLOGY OF SPACES OF HOLOMORPHIC MAPS"

By: Jens Gravesen

V141/87 "RADIOMETERS UDVIKLING AF BLODGASAPPARATUR -

ET TEKNOLOGIHISTORISK FROJEKT"
Projektrapport af Finn C. Physant
Vejleder: Ib Thiersen

142/87 "The Calderén Projektor for Operators With
" Splitting Elliptic Symbols"

by: Bernhelm Booss~Bavnbek og
Krzysztof P. Wojciechowski

_-143287 :"Kursusmateriale til Matematik pd NAT~BAS"

af: Mogens Brun Heefelt

144/87 “Context and Non-Locality - A Peircan Approach

Paper presented at the Symposium on the
Foundations of Modern Physics The Copenhagen
Interpretation 60 Years after the Como Lecture.
Joensuu, Finland, 6 - 8 august 1987.

‘By: Peder Voetmann Christiansen

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

Manuscript of a plenary lecture delivered at
ICMIA 3, Kassel, FRG 8.-11.9.1987

By: Mogens Niss

146/87 "BESTEMMELSE AF BULKRESISTIVITETEN I SILICIUM"
- en ny frekvensbaseret malemetode.
Fymkspecmle af Jan Vedde
Vejledere: Niels Boye Olsen & Petr visdor

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

148/87 "Naturvidenskabsundervisning med
Samfundsperspektiv"

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

diffraction peak in amorphous germanium
prepared in UHV and measured in-situ"

by: Petr Vit¥or

151/87 "DYNAMISK PROGRAMMERING"

Matematikprojekt af:
Birgit Andresen, Keld Nielsen og Jimmy Staal

Vejleder: Mogens Niss

152/87

"PSEUDO-DIFFERENTIAL PROJECTIONS AND THE TOPOLOGY
OF CERTAIN SPACES OF ELLIPTIC BOUNDARY VALUE
PROBLEMS" |

by: Bernhelm Booss-Bavnbek
Krzysztof P. Wojciechowski

153/88

154/88

' 155/88

156/88

157/88

158/88

159/88

160/88

161/88

162/88

163/88

164/88

165/88

"HALVLEDERTEKNOLOGIENS UDVIKLING MELLEM MILITERE
0G CIVILE KREFTER"

Et eksempel pd humanistisk teknologihistorie
Historiespeciale

Af: Hans Hedal
Vejleder: Ib Thiersen

“"MASTER EQUATION APPROACH TO VISCOUS LIQUIDS AND
THE GLASS TRANSITION"

By: Jeppe Dyre

"A NOTE ON THE ACTION OF THE POISSON SOLUTION
OPERATOR TO THE DIRICHLET PROBLEM FOR A FORMALLY
SELFADJOINT DIFFERENTIAL OPERATOR'"

by: Michael Pedersen
"THE RANDOM FREE ENERGY BARRIER MODEL FOR AC

CONDUCTION IN DISORDERED SCLIDS"
by: Jeppe C. Dyre -

" STABILIZATION OF PARTIAL DIFFERENTIAL EQUATIONS
BY FINITE DIMENSIONAL BOUNDARY FEEDBACK CONTROL:
A pseudo~differential approach.”

by: Michael Pedersen

"UNIFIED FORMALISM FOR EXCESS CURRENT NOISE IN
RANDOM WALK MODELS"

by: Jeppe Dyre

“STUDIES IN SOLAR ENERGY"

by: Bent Serensen

"LOOP GROUPS AND INSTANTONS IN DIMENSION TWO"

by: Jens Gravesen
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