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Abstract:

The physics of A.C. Hopping conductivity in disordered solids is discussed in

the light of a recently proposed model.




In a recent paper (Dyre 1985) a simple modei of a.c. hopping
conductivity in disordered solids was proposed. It was shown
that‘the model egrees qualitatively with experiments. This
letter comments on the phys1cs of the model and an electrical
network analogue which reveals a cne- dimen31onal aspect of the
model, is'suggested. |

’The proposed model applies to’both ionic and electronic con-
duct1v1ty in amorphous solids. ThlS is because the jump frequen—
cy distribution P(ﬂ under reasonable assumptions of random-
ness in both cases lS given by FQ)« X .(Dyre 1985), Electro-
nic and ionic conduct1v1ty will thus be similar in a Scher—‘
Lax tYpe of model (Scher and Lax i973) where the disordered
solld is represented by a lattice with jump frequencies vary-
1ng randomly according to the distributlon F(X) .
| In order to calculate the frequency-dependenttconductivity,

Gf“” , it is necessary.to normalize 'F(H by introducing two

‘and:

Xndn . The low-trequency cutfoff,

ik EE e '
cut off S: xmax

- ¥min ’ is clearly seen experimentally as defining the tran-
sistion from d.c. to a.c. conductivity. On the other hand,
X]ﬁax ;, is only seldomly observed as a leveling off of the
. 4 ’ . S

conduétivity at high frequencies, so should be elimina-~

X'max
— ©co

’

ted from:the model. Naively, 6lw) gdiverges as Xmax

- but it is possible to renormalize the model in the same way

goes to infinity

as it is done in particle physics. As Xnm;

one finds for the renormalized conductivity in the CTRW approxi-

mation (Dyre 1985)

Flw) = . G(0) i wT f | :
( (0) u\(_l+iwt) , (1)

where W 1is the angular freduency, and T = Xndn . Equation



(1) predicts a universal frequency-dependence of &w) (except
for scale transformations), independent of temperature, chemi-

cal composition, and conductivity mechanism, in reasonably

good agreeﬁént with experiments (Dyre 1985).
There are several wayé to think of the renormalization: One
may imagine that the density of charge carriers goes toizero
while at the same time ‘Knmx goes to infinity in such-a way
that G(® is kept fixed, or it is possible simply to aS§ume

that is finite but very large (e. g. placed well within

X max
the region of phonon frequencies where a stochastic model

breaks down ényWay). In any case, the purpbse of the renormali-
zation is to eliminate any influence of the high-frequency cut-
off. At this point it is interesting to compare with the pair-
approximation (Mott and Davis 1979, Long 1982). Here one finds

an approximate power-law frequency-dependence of the conducti-

vity, 6w« w* |, where s is given by

(2)

and Tph 1is of order 10—12 s. From egn. (2) it is clear that

the physics of the pair-approximation is a consequence of the

- -
physical high-frequency cut-off at 2 ph : s 1is a function

~
of the logaritiimic "distance" from @ to Trh . In the above
model (egn. (1)) , the exponent s of the a.c. conductivity

at high frequencies is given by (Dyre 1985)

| - 2
n (wT)

and the physics is a consequence of the low-frequency cut-off

-1
at T . In particular, the model does not reduce to the pair-

(3)




' approximation at high frequencies. This cohtradicts a theorem
Qf Butcher and Mofys (1973);‘but their result applies only to:
unrenorﬁalized hopping models’(i} e. with a fi#ed fﬂx) ).

The jump frequency distribution'pq1(8ﬂwas originally based
on microscopic cenSiqerations (randomLy va;ying electron jump
distances resp. ion jump activation energies), but it is pos-
Sible_to derive.this distribution on purely1phehomenological
grounas{ Suppose a hoppihg model is to be constructed which
'feproduces‘the following experimentally well—established facts:
The Shape of_most dielectfic loss~-peaks (in log-log'plots) is
iﬁdependene.of temperapure (univereality) (Hill and Jonécher
1983, Long, Hogg, and Balkan 1983), and as tﬁe temperatere
'goeS'to zero, the dielectric loss-peak frequency goes te
éerb and the exponent of the‘azc. conductivity goes to‘one
(Hlll and Jonscher 1983, Long 1982). Then ‘s must go to one
‘as W goes to 1nf1n1ty on the universal conduct1v1ty curve.
At extremely large frequencies we thus have 6UU)dJU . Since
the conduct1v1ty has dimension of frequency and there can be
no effects of X min ©m &(w) as wW-—>00 , it can be\conelu—
ded that p¥) eontains no constant of dimension. But then

l .
FM) must be proPOrtlonal to ¥ . Furthermore, the effect

of . .at finite W must be to reduce the frequency- depen-

Xmid
.dence, 1. e. to make s smaller than one. Because the jump
frequency distribution gives equal weight to each decade of
frequencies,.one expects s to converge 1ogarithmically.to'
one as W goes to infinity. Except for a factor of 2 these
considerations lead to eqﬁ. (3). |

It is possible to construct an eleetficai equivalent-circuit

of the model which sheds light on the physical aseumptions in-

volved. Consider an infinite network as shown in fig. 1. Each



' capacitance is equal to a constant C , while the resistances

Rn vary according to a probability distribution p(R) . The

electrical properties of the network is determined by the ave-

rage impedance per RC-unit, Z(uf) , which is given by
00
p(R) dR

., [ | | |
L{) = - = —
;Z( ) < R' +iw( > - C O(Rc)"+~£w -

Suppose each RC-unit somehow cofresponds to an activated
proceés in the solid. If the free energies of activation vary
randomly, the characteristic time t = RC is distributed

according to p(t) e e Equation (4) then becomes

T 1 |
_ K (1 MK o4
Z (w) C J;{"+iw v ) Trind ,

where K is a constant, and T is the maximum value of t ,

the existence of which follows if a finite average d.c. conduc-
tivity is ;equired. Because p(t) « £ is not normalizable,
the constant K is unknown and must be determined selfconsis-
tently. When this is done after the integration has been
carried out, egn. (5) reduces to egn. (1).

The basic elements of the reticulation of the model are of
course the CTRW approximation and the assumption p(t) L t—1.
While an electrical equivalent-circuit of the CTRW approximation
usually involves a capacitance in parallel to the infinite
network of fig. 1, this capacitance disappears as Xma.x~> 00
(Dyre 1985). The circuit of fig. 1 thus only applies to renor-
malized versions of the CTRW. Actually, the circuit is equal
to that proposed by Macedo, Moynihan, and Bose (1972), thereby

establishing a connection between their approach and the CTRW.

Note that in our case, the distribution of resistances is loga-




rithmic just ae\the ordinaty,resistance scale, so it‘should
be easy to build (a finite version of) the'equivalent-circuit
in the laboratory.

The .circuit of fig. 1 is one—dimensional. How can hopping
conductivity in three—dimensional solids be satisfactory fe—
preéented by a one-dimensional model? The key to answering
this question is the.fact that very broad distributions of
relaxation times (or jump frequencies) ere involved. This means
that the vast ma]ority of links of the Scher- Lax 1att1ce are
only seldomly used for jumps Therefore, the number of pOSSible
‘paths between two given sites of the lattice is effectively
very much smaller than the corresponding number for a random
V'walk on a homogenous lattice. The dimen51onality is effectivelyp
reduced,. and one ends'up/with~a picture of. conduction in dis-
ordered solids as mediated by certain "conductingvpaths".The
solid is viewed as a spadhetti—like compound of conducting
paths vhich.ctoss‘each other here and there (1ike a polymer).

The above picture of the physics of hopping conductivity in
Jdisordered solids is closely related to theyideas of several
other authors. The fact that most links are unlikely to promo-
te jumps is the starting p01nt of the pait-arprox1mation
(Pollak and Geballe 1961, Austin and Mott 1969). The concept
of conducting paths was introduced‘by Nakajima (1972) in the
context of ionic conductivity in oxide glaesee, but the idea
that certain paths are by far the most important goes back to .’
Miller and Abrahams (1960). On this basis it seems a good idea
to apply a suitable version of percolation theory to find the
frequency-dependence oflthe conductivity. This was done by

B6ttger, Bryskin and Yashin (1979) who found



-0,93
6(w) o€ Aw {/(m(,(wr)} (6)

which is vélid at moderatelyihigh frequencieérin three dimen—
sions. Notice the similarity;between eqgn. (1):and egn. (6)
when WwI>?} .

In conclusion, ideas of -an effective low dime&sionality
for conduction in disordereaisolids have been discussed for
several years. Equation (1) summarizes these ideas into a

simple analytical formula, which gives a qualitatively

satisfactory description of experiments (Dyre 1985).
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Fig. 1:

Figure Caption

Electrical equivalent-circuit of the renormalized

CTRW approximation.



|

Fl6.

I:{nﬂ ‘. |

‘. : 'Rn—-‘ |






TEKSTER fra IMFUFA  Roskilde universitetscenter.

1/78 "TANKER OM EN PRAKSIS" - et mafematikprojekt.

Projektrapport af Anne Jensen, Lena Lindenskov, Ma-
rianne Kesselhahn og Nicolai Lomholt.

‘Vejleder: Anders Madsen.

2/78 “"OPTIMERING" - Menneskets forggede beherskelsesmu-
ligheder af natur og samfund. .

Projektrapport af Tom J. Andersen, Tommy R. Ander-
sen, Gert Kreinge og Peter H. Lassen.

Vejleder: Bernhelm Booss. -

3/78 “OPGAVESAMLING", breddekursus i fysik. . " Nr. 3 er a jour fert i marts 1984
Lasse Rasmussen, Aage Bonde Kremmer, Jens Hojgaard ' ' : ‘ )
Jensen. . _—

4/78 "TRE ESSAYS" - om matematikundervisning, matematik- Nr. 4 er p.t. udgdet.

lereruddannelsen og videnskabsrindalismen.
Mogens Niss.

5/78 “BIBLIOGRAFISK VEJLEDNING til studiet af DEN MO- . Nr. 5 er p.t. udgdet.
: DERNE FYSIKS HISTORIE". . : :

" .Helge Kragh.

6/78 "NOGLE ARTIKLER 0G DEBATINDLAG OM - lareruddannel-
- se og undervisning i fysik, og - de naturvidenskabe-
lige fags situation efter studenteroproret"..

Karin Beyer, Jens Hsjgaard Jensen og Bent C. Jor-
gensen. :

7/78 "MATEMATIKKENS FORHOLD TIL SAMFUNDSOKONOMIEN". . Nr. 7 er udgdet.
- B.V. Gnedenko. ‘ ‘

8/78 "DYNAMIK 0G DIAGRAMMER". Introduktion til
energy-bond-graph ‘formalismen.
Peder Voetmann Christiansen.

9/78 "OM PRAKSIS' iNDFLYDELSE PA MATEMATIKKENS UDVIK-
LING". - Motiver til Kepler's:"Nova Stereometria
Doliorum Vinarioum".

Projektrapport af Lasse Rasmussen.
Vejleder: Anders Madsen.

10/79 “TERMODYNAMIK I GYMNASIET".

Projektrapport af Jan Christensen- og Jeanne Mor-
tensen.

Vejledere: Karin Beyer og Peder Voetmann Christi-
ansen. :

11/79 "STATISTISKE MATERIALER"
red. Jorgen Larsen

12/79 “LINEARE DIFFERENTIALLIGNINGER OG DIFFERENTIALLIG- Nr. 12 er udgdet
NINGSSYSTEMER" . :

Mogens Brun Heefelt

13/79 "CAVENDISH'S FORSOG 1 GYMNASIET".
Projektrapport af Gert Kreinge.
Vejleder: Albert Chr. Paulsen




e ==, e

14/79 "BOOKS ABOUT MATHEMATIQ§: History, Philosophy, Edu- Nr. 14 er p.t. udgdet.
cation, Models, System Theory, and Works of
Reference etc. A Bibliography".

Else Hayrup.

15/79 “STRUKTUREL STABILITET OG KATASTROFER i systemer i
og udenfor termodynamisk 1igevegt".

Specialeopgave af Leif S. Striegler.
Vejleder: Peder Voetmann Christiansen. .

16/79 "STATISTIK I KREFTFORSKNINGEN". )
Projektrapport af Michael Olsen og Jorn Jensen.
Vejleder: Jergen Larsen.’

17/79 "AT SPBRGE 0G AT SVARE i fysikundervisningen".
Albert~Christian Paulsen. B .

18/79 "MATHEMATICS AND THE REAL WORLD", Proceédings of an
International Workshop, Roskilde University Centre,
Denmark, 1978. Preprint.

Bernhelm Booss & Mogens Niss (eds.).

19/79 “GEOMETRI, SKOLE 0G VIRKELIGHED".

Projektrapport af Tom J. Andersen, Tommy R. Andersen
og Per H.H. Larsen.

Vejleder: Mogens Niss.

20/79 “STATISTISKE MODELLER TIL BESTEMMELSE AF SIKRE DOSER
FOR CARCINOGENE STOFFER".

Pfojektrapport af Michael Qlsen og Jern Jensen.
Vejleder: Jorgen Larsen.

21/79 "KONTROL T GYMNASIET - FORMAL OG KONSEKVENSER".

Projektrapport af Crilles Bacher, Per S. Jensen, Pre-
ben Jensen og Torben Nysteen.

22/79 “SEMIOTIK 0G SYSTEMEGENSKABER (1)".
1-port lineazrt response og stej i fysikken.

Peder Voetmann Christiansen.

23/79 "ON THE HISTORY OF EARLY WAVE MECHANICS - with special
emphasis on the role of realitivity".

24/80 “MATEMATIKOPFATTELSER HOS 2.G'ERE". Nr. 24 a+b er p.t. udgdet.
a+b 1. En analyse. 2. Interviewmateriale.

Projektrapport af Jan Christensen og Knud Lind-
hardt Rasmussen.

Vejleder: Mogens Niss.
25/80 “EKSAMENSOPGAVER", Dybdemodulet/fysik 1974-79.

26/80 "OM MATEMATISKE MODELLER".
En projektrapport og to artikler.

Jens Hejgaard Jensen m.f1.

27/80 V"METHODOLOGY AND PHILOSOPHY OF SCIENCE IN PAUL
DIRAC's PHYSICS".

Helge Kragh.

28/80 "DIELEKTRISK RELAXATION - et forslag til en ny model
bygget p& vaskernes viscoelastiske egenskaber".

Projektrapport, speciale i fysik, af Gert Kreinpe..
Vejleder: Niels Boye Olsen.




29/80 "ODIN - underv1sn1ngsmater1a1e til et kursus i
d1fferent1a]11gn1ngsmode11er

Projektrapport af Tommy R. Andersen Per H H. Larsen
og Peter H. Lassen.

Vejleder: Mogens Brun Heefelt

-

30/80. "FUSIONSENERGIEN - - - ATOMSAMFUNDETS ENDESTATION". Nr. 30 er udgiet. .
Oluf Danielsen. : Udkommer medio 1982 pd Fysik-, Matematik- og Kemilarer-
' ) nes forlag. )
31/80 “VIDENSKABSTEORETISKE PROBLEMER VED UNDERVISNINGSSY- Nr. 31 er ﬁ.t. udgdet

STEMER BASERET PA MENGDELARE".
Projektrapport af Troels Lange og Jergen Karrebzk. -
Vejleder: Stig Andur Pedersen.

32/80‘ "POLYMERE STOFFERS VISCOELASTISKE EGENSKABER. - BELYST
VED HJELP AF MEKANISKE IMPEDANSMALINGER 0G MUSSBAUER-
EFFEKTMALINGER".

Projektrapport, speciale i fysik, af Crilles Bacher og
Preben Jensen.

Vejledere: Niels Boye Olsen og Peder Voetmann Chr1-
stiansen..

33/80 "KONSTITUERING AF FAG INDEN FOR TEKNISK-NATURVIDENSKA-
© BELIGE UDDANNELSER. I-II".

Arne Jakobsen.

34/80 "ENVIRONMENTAL IMPACT OF WIND ENERGY UTILIZATION". ©ONr. 34 er udgéet.

ENERGY SERIES NO.1. - o Publ.. i "Renewable Sources of Energy and the Environment",

Bent Serensen. \ Tycooli International Press, Dublin, 1981.

35/80 "HISTORISKE STUDIER I DEN NYERE ATOMFYSIKS UDVIKLING".
‘Helge Kragh. -

36/80 “HVAD ER MENINGEN MED MATEMATIKUNDERVISNINGEN .
Fire artikler.
Mogens -Niss.

37/80 "RENEWABLE ENERGY AND ENERGY STORAGE".
ENERGY SERIES NO.?2.
Bent Serensen.

$38/81 ‘"TIL EN HISTORIETEORI OM NATURERKENDELSE TEKNOLOG! ' Nr. 38 er p.t. udgdet
0G SAMFUND". .

Projektrapport af Erik Gade, Hans Heda1, Henrik Lau
og Finn Physant.

‘Vej1edere: Stig Andur Pedersen, Helge Kragh og
Ib Thiersen.

3?/8] "TIL KRITIKKEN AF VEKSTOKONOMIEN".
Jens Hpjgaard Jensen.

40/81 “TELEKOMMUNIKATION I DANMARK - oplzg til en tekno1o- Nr. 40 er p.t. udgdet
givurdering”. :
Projektrapport af Arne Jorgensen, Bruno Petersen og
Jan Vedde.

Vejleder: Per Nergaard.

41/81 "PLANNING AND POLICY CONSIDERATIONS RELATED TO THE
INTRODUCTION OF RENEWABLE ENERGY SOURCES INTO ENERGY
SUPPLY SYSTEMS".

ENERGY SERIES NO.3.
Bent Sorensen..



43/81

44/81

46/82
I+11

47/82

48/82

49/82

50/82

51/82

52/82

53/82

54/82

"VIDENSKAB TEORI SAMFUND - En introduktion til
materialistiske videnskabsopfatteliser”.

Helge Kragh og Stig Andur. Pedersen.

1. "COMPARATIVE RISK ASSESSMENT OF TOTAL ENERGY
SYSTEMS".

2. "ADVANTAGES AND DISADVANTAGES OF DECENTRALIZATION".
ENERGY SERIES NO.4.
Bent Sorensen.

"HISTORISK UNDERS@GELSE AF DE EKSPERIMENTELLE FORUDSAT-
NINGER FOR RUTHERFORDS ATOMMODEL".

Projektrapport af Niels Thor Nielsen.
Vejleder: Bent C. Jergensen.

"EKSEMPLARISK UNDERVISNING 0G FYSISK ERKENDELSE -
ILLUSTRERET VED TO EKSEMPLER".

Projektrapport af Torben 0. Olsen, Lasse Rasmussen o0g
Niels Dreyer Serensen.

Vejleder: Bent C. Jorgensen.

"BARSEBACK 0G DET VARST OFFICIELT-TANKELIGE UHELD".
ENERGY SERIES NO.5.
Bent Serensen.

"EN UNDERSOGELSE AF MATEMATIKUNDERVISNINGEN PA AD-
GANGSKURSUS TIL K@BENHAVNS TEKNIKUM".

Projektrapport af Lis Eilertzen, Jergen Karrebzk,
Troels Lange, Preben Nerregaard, Lissi Pedersen, Laust
Rishej, Lill Ron, Isac Showiki.

Vejleder: Mogens Niss.

"ANALYSE AF MULTISPEKTRALE SATELLITBILLEDER".
Projektrapport af Preben Nerregaard.
Vejledere: Jorgen Larsen & Rasmus Ole Rasmussen.

"HERSLEV - MULIGHEDER FOR VEDVARENDE ENERGI I EN
LANDSBY". ENERGY SERIES NO.6.

Rapport af Bent Christensen, Bent Hove Jensen, Dennis
B. Maller, Bjarne Laursen, Bjarne Lillethorup og Ja-
cob Merch Pedersen.

Vejleder: Bent Serensen.

"HVAD KAN DER GERES FOR AT AFHJELPE PIGERS BLOKERING
OVERFOR MATEMATIK?"

Projektrapport af Lis Eilertzen, Lissi Pedersen, Lill
Ren og Susanne Stender.

"DESUSPENSION OF SPLITTING ELLIPTIC SYMBOLS®
Bernhelm Booss & Krzysztof Wojciechowski.

“THE CONSTITUTION OF SUBJECTS IN ENGINEERING
EDUCATION",

Arne Jakobsen & Stig Andur Pedersen.

"FUTURES RESEARCH" - A Philosophical Analysis of Its
Subject-Matter and Methods.

Stig Andur Pedersen & Johannes Witt-Hansen.




55/82 "MATEMATISKE MODELLER" - L1tteratur p& Roskilde 1 Vedr. tekst nr. 55/82:
Universitetsbibliotek. Se ogsé tekst 62/83.

- En bibliografi.
Else Hayrup.

56/82 "EN - TO - MANGE" - ‘ :
En undersagelse af matematisk pkologi. ' .

Projektrapport af Troels.Lange.
Vejleder: Anders Madsen.

57/83" "ASPECT EKSPERIMENTET" - . - ’ Nr. 57 er udgiet.
Skjulte variable i kvantemekan1kken7 .

" Projektrapport af Tom Juul Andersen. i
Vejleder: Peder Voetmann Christiansen. '

)

58/83 ~ "MATEMATISKE VANDRINGER" - Modelbetragtninger
over spredning af dyr mellem smébiotoper i
agerlandet. '

Projektrapport af Per Hammershej Jensen &
Lene Vagn Rasmussen. .

Vejleder: Jorgen Larsen.

59/83 "THE METHODOLOGY OF ENERGY PLANNING".
ENERGY SERIES NO. 7.
Bent Serensen.

60/83 "MATEMATISK MODEKSPERTISE" - et eksempel.

Projektrapport af Erik 0. Gade, Jorgen Karrebak og
Preben Norregaard.

Ve31eder. Anders Madsen.

61/83 “FYSIKS IDEOLOGISKE FUNKTION", som et eksempe] pa
en naturvidenskab - historisk set.

Projektrapport af Annette Post Nielsen.

-Vejledere: Jens Heyrup, Jens Hgjgaard Jensen og
. Jargen Vogelius.

62/83 ~ "MATEMATISKE MODELLER" - L1tteratur pé& Roskilde
’ Universitetsbibliotek. R ,

En bibliografi. 2. rev. udgave
Else Hoyrup

63/83 "CREATING ENERGY FUTURES: A SHORT GUIDE TO
ENERGY PLANNING". ’ :

ENERGY SERIES No. 8 )
David Crossley & Bent Serensen

64/83 “"VON MATHEMATIK UND KRIEG".
Bernhelm Booss og Jens Hoyrup

65/83 "ANVENDT MATEMATIK - TEORI ELLER PRAKSIS".

Projektrapport af Per Hedeg&rd Andersen, Kirsten
Habekost, Carsten Holst-Jensen, Annelise von Moos,
Else Marie Pedersen, Erling Mgller Pedersen.

Vejledere: Bernhelm Booss & Klaus Griinbaum

66/83 "MATEMATISKE MODELLER FOR PERTODISK SELEKTION 1
ESCHERICHIA COLI".

Projektrapport af Hanne Lisbet Andersen, Ole
Richard Jensen og Klavs Frisdahl. /

Vejledere: Jorgen Larsen og Anders Hede Madsen




67/83 "ELIPSOIDE METODEN - EN NY METODE TIL LINEAR
PROGRAMMERING?"

Projektrapport af Lone Biilmann og Lars Boye
Vejleder: Mogens Brun Heefelt

68/83 “STOKASTISKE MODELLER I POPULATIONSGENETIK"
- til kritikken af teoriladede modeller.

Projektrapport af Lise Odgdrd Gade, Susanne Han-
sen, Michael Hviid, Frank Melgdrd Olsen.

Vejleder: Jorgen Larsen.

69/83 "ELEVFORUDSATNINGER I FYSIK®
- en test i 1.9 med kommentarer

Albert Chr. Paulsen

70/83 "INDLARINGS- OG FORMIDLINGSPROBLEMER 1 MATEMA- _
- TIK PA VOKSENUNDERVISNINGSNIVEAU" -~

Projektrapport -af Hanne Lisbet Andersen, Tor-
ben J. Andreasen, Svend Age Houmann, Helle
Glerup Jensen, Keld F1. Nielsen, Lene Vagn
Rasmussen,

Vejleder: Klaus Griinbaum & Anders H. Madsen

71/83 “PIGER 0G FYSIK"
- et problem og en udfordring for skolen?

Karin Beyer, Sussanne Blegaa, Birthe Olsen,
Jette Reich & Mette Vedelsby

72/83 “VERDEN IFOLGE PEIRCE" - to metafysiske
essays, om og af C.S. Peirce.

Peder Voetmann Christiansen

73/83 “EN ENERGIANALYSE AF LANDBRUG"
- pkologisk contra traditionelt

ENERGY SERIES No. 9

Specialeopgave i fysik af
Bent Hove Jensen

Vejleder: Bent Sarensen

74/84 "MINIATURISERING AF MIKROELEKTRONIK" - om vi-
denskabeliggjort teknologi og nytten af at
lere fysik

Projektrapport af Bodil Harder og Linda Szko-
tak Jensen.

Vejledere: Jens Hejgaard Jensen og Bent C.
Jergensen

75/84 "MATEMATIKUNDERVISNINGEN I FREMTIDENS GYMNASIUM!
- Case: Linear programmering

Projektrapport af Morten Blomhaj, Klavs Fris-
dahl, Frank Mglgaard Olsen

Vejledere: Mogens Brun Heefelt & Jens Bjorneboe

76/84 "KERNEKRAFT I DANMARK?" - Et heringssvar indkaldt
af miljoministeriet, med kritik af miljostyrelsens
rapporter af 15. marts 1984.

ENERGY SERIES No. 10
Af Niels Boye Olsen og Bent Serensen

77/84 "POLITISKE INDEKS - FUP ELLER FAKTA?"
gp;?ionsundersagelser belyst ved statistiske mo-
eller

Projektrapport af Svend Age Houmann, Keld Niel-
sen, Susanne Stender

Vejledere: Jorgen Larsen & Jens Bjorneboe




78/84

79/84

" 80/84

81/84

82/84

83/84

- 84/84

85/84

86/84

87/84

88/84

89/84

90/84

91/85

"JEVNSTRﬂMSLEDNINGSEVNE 06 GITTERSTRUKTUR I
AMORFT GERMANIUM"

Spec1alerapport af Hans Heda], Frank C. Lud-
vigsen og Finn C. Physant

Vejleder: Niels Boye Olsen

"MATEMATIK OG ALMENDANNELSE"

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

Vejleder: Bernhelm Booss

"KURSUSMATERIALE TIL MATEMATIK B"
Mogens Brun Heefelt

"FREKVENSAFHENGIG LEDNINGSEVNE 1 AMORFT GERMANIUM"

Specialerapport af Jorgen Wind Petersen og
Jan Christensen -

‘Vejleder: Niels Boye Olsen

"MATEMATIK- 0G FYSIKUNDERVISNINGEN I DET AUTOMA-
TISEREDE SAMFUND"

Rapport fra et seminar afho]dt i Hvidovre
25-27 april 1983

Red.: Jens Hejgaard Jensen, Bent C. Jorgensen og
Mogens N1ss

"ON THE QUANTIFICATION OF.SECURITY" nr. 83 er p.t. udgdet
PEACE RESEARFH SERIES NO. 1 ' ) :
af Bent Serensen

" NOGLE ARTIKLER OM MATEMATIK, FYSIK OG ALMENDANNELSE". .
Jens Hgjgaard Jensen, Mogens Niss m. f1.

‘"CENTRIFUGALEEGULATORER 0G MATEMATIK"

Specialerapport af Per Hedegdrd Andersen, Carsten Holst- i
Jensen, Else Mar1e Pedersen og Er11ng Meller Pedersen .

VeJTeder St1g Andur Pedersen

“SECURITY IMPLICATIONS OF ALTERNATIVE DEFENSE OPTIONS
FOR WESTERN EUROPE" -

PEACE RESEARCH SERIES NO. 2

. af Bent Sorensén

"A SIMPLE MODEL OF AC HOPPING CONDUCTIVITY IN DISORDERED
SOLIDS"

.af Jeppe C. Dyre

"RISE, FALL AND RESURRECTION OF INFINITESIMALS"
af Detlef Laugwitz

"FJERNVARMEOPTIMERING"
af Bjarne Lillethorup & Jacob Merch Pedersen
"ENERGI I 1.G- en teori for tilretteleggelse’

af Albert Chr. Paulsen

N,

"KVANTETEORI FOR GYMNASIET"
1. Laerervejledning

Projektrapport af: Birger Lundgren, Henn1ng
Sten Hansen og John Johansson

Vejleder: Torstgn Meyer




92/85

93/85

94/85

95/85

96/85

97/85

"KVANTETEGRIL{FOR GYMNASIET
2. Materiale : : .

Projektrapport af: Birger Lundgren, Henning
Sten Hansen og John Johansson

Vejleder: Torsten Meyer

"THE SEMIOTICS OF QUANTUM-NON-LOCALITY"
af Peder Voetmann Christiansen

YTREENIGHEDEN BOURBAKI - generalen, matematikeren
og &nden"

Projektrapport af: Morten Blomhej, Klavs Frisdahl
og Frank M. Olsen

Vejleder: Mogens Niss
“AN ALTERNATIV DEFENSETELAN FOR WESTERN EUROPE"
Peace research series no. 3 o

af Bent Sorensen

"ASPEKTER VED KRAFTVARMEFORSYNING"
af Bjarne Lillethorup

Vejleder: Bent Serénsen

"ON THE PHYSICS OF A.C. HOPPING CONDUCTIVITY"

Jeppe C. Dyre




