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Abstrake

Et telv kvodratmeter stort drivhus blev | sommeren 1986 forsynet med 4
sortmalede  olietander fyldt med wvand it ca. 800 liter wvand.
Drivhustemperaturer blev mélt | gedt et ér. Tenderne fungerer dels som
solfangere, 6g dels sem varmelager. ldeen er at forlenge vakstsmsonen og
at reducere sondsynligheden for ekstremt heje eller ekstremt lave
temperaturer. Jordtemperaturen, som er aof stor betydning for planternes
vekst, viste sig at stige med omkring 5 grader, samtidig med at
temperaturvariationerne i drivhugjorden mindskedes. Drivhusiuftens temperatur
udviste lignende e@ndringer, omend mindre udpreget som faelge of luftens
kortere karakteristiske tidskonstant Perioden uden frost i drivhusjorden blev
forlenget med co. en maned bdde i fordr og efterdr. Trods den strenge
vinter 1986/87 blev det ikke nedvendigt at tzmme tenderne for vand, idet
logeret fungerede som et faseovergangs-lager med bdde fast og flydende
form tlstede gennem hele vinteren,

Forsaget beskrives i en udferlig ortikel pd engelsk, efterfulgt of en mere
kortfattet opsumiing pa dansk,
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EXPERIMENTS WITH ENERGY STORAGE
IN A HIGH-LATITUDE GREENHOUSE

BENT SORENSEN
Institate of Mathematics and Physics, Roskilde University
P O Box 260. 4000 Roskilde. Denmark

Abstract--A 12m?2 greenhouse located at 56°N latitude was furnished with a 0.8m3
water store and solar absorber in the form of four black-painted oil drums.
Temperatures were monitored for a little over a year. The system’'s ability to
prolohg the growing season and reduce extreme temperature excursions is discussed,
as well as the behavior during periods of severe frost. It was found that greenhouse

soil temperatures were lifted by about 5°C and their diurnal variations damped,
while greenhouse air temperatures were less affected. Winter frost in the soil was

delayed conSiderabiy. and once at 0°C, the water store behaved as a phase change
storage system for a period of several months.

1. INTRODUCTION

Due to its coastal climate tempered by the ‘Gulf Stream, Danish temperatares are
‘higher than the average for its latitude (about 56°N). Monthly normal averages

range from a low of 0°C to a high of 160C, but variations between years are
substantia.l. In particular, extended periods of severe frost are experienced during

some Winters. Insolation is very low in Winter (about 10 W/m?2 average on a




horizontal plane and some 50-80 W/m? on a vertical plane(l)). A risk of frost
-during nights persists from October to May. Many years have too short a growing
season in the open, for crops such as tomato and cucumber, and such crops are
usually grown in greenhouses with or without heating. Other crops such as melon
will ripe in unheated greenhouses only in warm years. Minimum acceptable root

temperatures are about 169C for tomato and about 229C for melon.

This indicates a need for an inexpensive alternative to direct heating of
greenhouses, in order to obtain even a modest increase in the length of the growing
season for a number of common greenhouse crops. In particular, a guarantee
against night frost would allow a much earlier start in the Spring, where warm
periods are currently left unused because of the risk of later frost. The idea of
making use of oil drums for water storage as well as for solar absorption has been
tested in more sunny locations of continental climate, where considerable amounts of
insolation could be counted on during cold Winter days(2). The experiment reported
here covers two Danish growing seasons, separated by one of the coldest Winters
experienced in a 30 year period.

2. EXPERIMENTAL SETUP

Four 200 litres water-filled drums (total 0.8m3) were placed along the North wall of

the 12m? (volume about 18m3) greenhouse, as shown in Figs. | and 2. They were
painted with ordinary mat blackboard paint. A few litres of an anti-freeze agent
were added to each drum. in order to prevent the formation of ice shells on top of the
water during rapid temperature drops. Full frost protection would have defeated the
aim for a low cost system.

Within the greenhouse, computer-logged thermoelements were placed in the plants’
root zone (0.05m into soil) and in air (0.50m above soil). The temperatures in the
drums, 0.10m above bottom and 0.10m below water level, were read at intervals,
along with the period's minimum and maximum ambient air temperature outside the
greenhouse (2m above ground on a North-facing shed shielded from direct sunlight).

Calibration of the thermoelements was made in the laboratory and on site, priar to
and a few times during the course of the experiment (because thermocouples with
different sensitivity regions had to be used during the warmer and colder periods).
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FIGURE 2. Growing crops, July 1986.




An automatic watering and fertilizing system was installed in the greenhouse, as
well as a four-window automatic ventilation system. The number of opening
windows recommended by the manufacturer was eight, but it was heped that the
presence of the water store would help in preventing high- temperature damage to
plants during particularly - warm and sunny periods. '

3. RESULTS OF TEMPERATURE MEASUREMENTS

In Fig. 3. the greenhouse soil and air temperatures before and after insertion of the
water drums are depicted. After'June 18, 1986, when the storage components had
been added, the top water temperature in the drums is alse shown (the filling

temperature was 10°C). The oscillations in soil temperature are seen to become
considerably damped by the presence of the heat store. The temperatare in the top of
the water store soon becomes several degrees higher than the maximum greenhouse
air temperature. For this reason, no discernable damping of maximum temperatures
is seen.

In the lower part of Fig. 4, both top and bottom temperatures in the water drums are
shown, along with ambient maximum and minimam temperatures. It is now July

1986, and the greenhouse soil temperature varies between 14 and 18°C, while the
outside temperature is between 10 and 209C. There is considerable stratification in
the drums: the bottom temperature is 4-89C below the top temperature. However,

both are above 200C for the entire period considered.

In the beginning of November 1988, the ambient night temperature for the first time
during the monitored period goes below the freezing point and reaches -5°C (Fig. 5).
However, the store is capable of keeping the inside air in the greenhouse above 2°0C.
This process (on the night of November 3.) cools bath the top and the bottom

temperature in the water drums by 3°C.

The greenhouse air temperature does not drop to below 0°C until December 21. (Fig.
6), at 2 minimum outside temperature of -10°C. The last greenhouse crop (tomatoes)
had then just been harvested. On the following day, alse the water store temperatare

drops te slightly below 00C (possible by supercooling, and in lower portions of the
drums due to increased pressure). From this day and until March 10., 1987, the
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drums operate as a ph.ise change store, with varying ratios between liquid water
and ice but all the time with both components present.

Fig. 7 shows the situation in the beginning of January 1987, with outside minimum

temperatures down to -220C and maxima barely :above 0°C. Inside the greenhouse,

the air temperature is some 79C above the outside value. It was feared, that the ice
formation and associated expansion of volume might'lead to rupture of the drums,
but this was prevented by the following mechanism: Ice formation during night teok
place primarily along the sides of the drums. During the following day, the solar

" collector effect of the drum surface - even with the modest insolation available -

turned out sufficient to melt a surface layer of the inside ice, so that the ice block in
each drum rised freely. When fixation occurred during the following night's ice
formation, the top surface'of the ice remained at the higher level. The long term
behavior was a growth in volume entirely occuring in the upwards direction (where
sufficient space had been left in the drums to allow for this expansion).
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In Fig. 8, the transition of the store from phase change to heat capacity operation is
illustrated. It is- now March 1987, and-the minimum outside temperature is still

-100C, but a substantial number of sunny hours occurs during daytime, briﬂging
both peak inside air and storage top temperatures up to around 159C (as compared
with 5-80C outside the greenhouse). The bottom drum temperature follows more

moderately, some 10°C below the temperature in the top of the water containers.
Later in March (Fig. 9), the temperature in the lower part of the drums is still near

zero (with outside minimum temperatures of -30C), but the greenhouse soil

temperature remains above 0°C.

During April 1887, there are still nights with outside frost (Fig. 10), but now also the
air in the greenhouse is above 09C, and the first crops may be sown. The water
drums maintain stable, stratified temperatures of about 20°C at the top and around
109C at the bottom. Their smoothing action keeps the greenhouse soil temperature
above 100C.

Fig. 11 indicates that after May 18., the greenhouse soil temperature remains above

200C, despite minimum air temperatures of around 6°C in the greenhouse and 1°C
outside. This means that sensitive crops like melon will not be damaged, and enables
their growth season to be prolonged by 4-6 weeks on the Spring side. One notes that
the soil temperatures are substantially higher that those of the previous year before
break-in of the storage system (Figs. 1 and 2).

4. CONCLUSIONS AND DISCUSSION

The inexpensive water storage and solar collection system added to a small
greenhouse has been shown to extend the period, during which the indoor greenhouse
climate is suitable for growth, by at least a month both in Spring and in late
Autumn. The period of near-zero temperatures depends on details of the outside
temperature and insoclation variations in a critical way, and on the Spring side, one
would have to wait a few weeks after the first onset of suitable conditions, to be
sure that no recurrence of unsuitable temperatures might occur within the
greenhouse.

The behavior of the system during an unusuwally cold Winter has been very good
(Figs. 12 and 13): It was not necessary to empty the drums in order to protect them

12



against frost. Although replacing the water by 10°C tap water at a suitable time
might have improved the performance further, such an operation would have been
cumbersome and was judged to be inconvenient for many potential users of the

concept.

Heat insulation of the greenhouse North wall(3) was contemplated but not installed,
since it was considered on the basis of the short time constant of the greenhouse air,
that heat losses would occur rather uniformly through all walls. Alternatively,
insulation added between greenhouse soil and the surrounding soil might improve
the overall performance, but would be difficult to keep dry. considering the wetness
of the Danish climate.
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~ FIGURE 12. Cushy snow cover. January 1987.
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FIGURE 13. Daytime rime formation on drums, January {987
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ENERGILAGRING I'-DRIVHUS

af Bent Ssrensen, IMFUFA, RUC

Det her beskrevme anleg bestir af fire vandfyldte olietender (ialt 800 liter vand) placeret langs
nordsiden i et §2 kvadraimefer drivhus. Tenderne er malet med sort tavlelak, si de fungerer som
soltangere. Herved opsamles solenergi i dagtimerne, og vandtemperaturen stiger. Lageret tznkes dermed
at kunne tjene to funktioner: Dels falder nattemperaturen i drivhuset mindre end den ellers ville gsre,
hvilket gar at vzksisesonen for nattefrostfglsomme afgreder forlznges i bide forar og elterir. Dels
forhindrer vandlageret meget store temperaturstigninger i drivhuset pi solrige sommerdage, hvilket
mindsker risikoen for svidning af planterne.

Figur 1 viser forlsbet af luft- og jordtemperatur i drivhuset for og efter installation al vandlageret i

V juni 1986. Det ses at udsvingene i jordtemperatur dempes betydeligt af lageret, mens lnf{temperaturen

bar en kortere tidskonstant og derfor ikke dzmpes synligt. Temperataren gverst i vandbeholderne er
vasentligt hejere end lufttemperaturen i drivhuset, og dempningen af maksimum temperaturerne er
derfor beskeden. Figur 2 viser desaden temperaturen nederst i vandbeholderne (for nogle dage i juli
1986), som ses at vere omkring fem grader lavere end i toppen af beholderne. Minimum jordtemperaturen
i drivhaset ses at vare ca. 2 grader over minimum temperaturerne udenfor drivhnset.
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Figar 3 viser situationen i oktober 1886, hvor nattemperaturen ude falder til under frysepunkiet.
Temperaturen nederst i vandlageret falder kun 1il +5 grader, og lufttemperaturen i drivhuset forbliver
over frysepunkiet.
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, N
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-5 4 e
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Porst den 22. december (986 falder vandlagerets temperatar til 0 grader (Figar 4). Herefter og frem til
10. maris 1987 fungerer lageret som faseovergangs-energilager, idet en starre del af vandet fryser ved
lavere udetemperaturer. Den pagzldende vinter var ekstremt kold, med lange perioder hvor
udetemperaturen 13 mellem -15 og -20 grader C. Som det fremgdr afl Figor 5, holder lageret sig i
to-faseform, og minimum lufttemperaturen i drivhuset boldes ca. 7 grader hsjere end udenfor.
Vandbeholderne var kun pifyldt nogle f3 liter antifrostveske (for at hindre en frossen skorpe i at
| dannes gverst), men alligevel skete ingen frostskader forirsaget af isens storre volumen. Mekanismen
| der forhindrede dette var, at isdannelserne om natten skete langs tgndernes ydersider, men om dagen
bevirkede solfangervirkningen af tgndernes overflade (trods beskedent lysindfald), at det yderste lag is
‘ smeltede og at isdannelserne skubbedes opad i hver tende, si der igen blev plads til den falgende nats
| isdannelser.
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Figur 6 viser hvorledes lageret i marts igen overgar fra faseovergangslager til varmefylde-lager. Sidst
i marts er temperataren gverst i lageret niet op omkring 15 grader (Figur 7), men bundtemperaturen er
stadig nzr nel og lageret kan ikke hele tiden holde luftiemperataren i drivhaset over frysepunktet (ved
udetemperatarer pi ca. -3 grader). Imidlertid holdes jordtemperaturen i drivhuset over nul, hvilket er
det vesentlige for planternes vekststart.
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I april 1987 er der stadig enkelte nztter med nattefrost (Figur 8), men lageret holder nu luften i
drivhuset frosifri og jordiemperaturen over 10 grader. Den gennemsnitlige temperatur i vandlageret
ligger nu atter betydeligt over den gennemsnitlige luftiemperatur, og i maj {987 nir jordiemperaturen
op omkring 20 grader, hvilket er den ngdvendige temperatur for en rzkke typiske drivhusafgreder

(Figur 9).

Konkluderende har eksperimentet vist, at det er muligt med et prisbilligt vandlager/solfangeranlzg at
forlenge vakstsesonen i drivhuse betydeligt, og nden at vere tvanget til en arbejdskrzvende tsmning
af lageret selv i strenge frostperioder. D2mpningen af sommer-maksimam temperaturerne i drivhuset er
mindre udprazget, fordi lagerets solfangervirkning giver det en hgj egenfemperatur. Et antomatisk
udlufiningssystem med 4 vinduer var dog tilstrzkkeligt til at forhindre hgjlemperaturskader pi

planterne.
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"METHODOLOGY AND PHILOSOPHY AF SCIENCE IN PAUL'
DIRAC's PHYSICS".

:Af: Helge Kragh.

"DILIEITRISK PELAXATICN —.ot- ﬁorslag tlenny -
model bygget pd vaskemnes viscoelastiske egen=
skaber".

Projektrapport af: Gert Kreinge.

Vejleder: Niels Boye Olsen.

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

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

Vejleder: Mogens Brun Heefelt.

"FUSIONSENERGIEN - - - ATOMSAMFUNDETS - ENDESTATTI+
OoN".

Af: Oluf Danielsen.

Nr. 30 er udgiet.

"VIDENSKABSTEORETISKE PROBLEMER VED UNDERVISNINGS -
SYSTEMER BASERET PA MENGDELZRE".

Projektrapport af: Troels Lange og J¢rgen Kar-
rebak

Vejleder: Stig Andur Pedersen.
Nr. 31 er p.t. udgdet.

"POLYMERE STOFFERS VISCOELASTISKE EGENSKABER -~
BELYST VED HJELP AF MEKANISKE IMPEDANSMALIN -
GER MJSSBAUEREFFEKTMALINGER".

Projektrapport af Crilles Bacher og Preben
Jensen.

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

"KONSTITUERING AF FAG INDEN FOR TEKNISK - annb
VIDENSKABELIGE UDDANNELSER. I-II".
Af: Ame Jakobsen.

"ENVIRONMENTAL IMPACT AF WIND ENERGY UTILIZA-
TICN".

ENERGY SERIES NO. I.

Af: Bent Sgrensen

Nr. 34 er udgdet.



3S/§U "msxbkism STUDFER 1 DEN NYERE NIOMFYSIKS UDVIKLING®.
Af: Helge Kragh.

36/80 "HVAD ER MENINGEN MED MATEMATTIKUNDERVISNINGEN?".

Fire artikler.
Af: Mogens Niss.

37/80 "RENEWAELE ENERCY AND ENERGY STORAGE".

ENERGY SERIES NO. 2.
Af: Bent Sgrensen. )

38781 "TIL EN HISTORIETEORI (M NATURERKENDELSE, TERNOLOGI
0OG SAMFUND".
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. udgdet.

39/81 "PIL, KRITIKKEN AF VEKSTZKONOMIEN".
Af: Jens Hpjgaard Jensen. ’

40/81 "TELEKOMMINIKATION I DANMARK — oplag til en tekno-
logivurdering”.

Projektrapport af: Arne Jogrgensen, Bruno Petersen og
Jan Vedde.
Vejleder: Per Ngrgaard.

41/81 "PLANNING AND POLICY CONSIDERATIONS RELATED TO THE
INTRODUCTION OF RENEWABLE ENERGY SOURCES INTO ENER-
ENERGY SERIES NO. 3.

Af: Bent Sgrensen.

42(81~ "VIDENSKAB TEORI SAMFUND - En introduktion til materialis-
tiske videnskabscpfattelser".

Af: Helge Kragh og Stig Andur Pedersen.

43/81 1."OCMPARATIVE RISK ASSESSMENT OF TOTAL ENERGY SYSTEMS".
2, "ADVANTAGES AND DISADVANTAGES OF DECENTRALIZATION".
ENERGY SERIES NO. 4.

" Af: Bent Sgrensen.

44/81 "HISTCRISKE UNDERSPGELSER AF DE EXSPERIMENTELLE FOR-
UDSEININGER FOR RUTHERFORDS ATOMMODEL',

Projektraprort af: Niels Thor Nielsen.
Vejleder: Bent C. Jdrgensen,

45/82 Er aldrig udkommet.

46/82 "EKSEMPLARISK UNDERVISNING OG FYSISK ERKENDESE-

1+11 TIIIUSTRERET VED TO EKSEMPLER".

Projektrapport af: Torben 0.0lsen, Lasse Rasmussen og
Niels Dreyer Sprensen.
Vejleder: Bent C. Jgrgensen.

47/82 "BARSEBACK OG DET VERST OFFICIELT-TENKELIGE UHEID".
ENERGY SERIES NO. 5.

Af: Bent Sgrensen

48/82 "EN UNDERS{(ELSE AP MATEMATIKUNDERVISNINGEN PA ADGANCS-
KURSUS TIL K@BENHAVNS TEKNIKUM".

Projektrapport af: Lis Eilertzen, J¢rgen Karrebak, Troels
Lange, Preben Nerregaard, Lissi Pedesen, Laust Rishgj,
Iill Rgn og Isac Showiki.

Vejleder: Mogens Niss.

49/82 "ANALYSE AF MULTISPEKTRALE SATELLITBILIEDER".
Projektrapport af: Preben Ngrregaard.,

Vejledere: Jgrgen Larsen og Rasmus Ole Rasmussen.

50/82 "HERSLEV - MILIGHEDER FOR VEDVARENLE ENERGI I EN
LANDSBY".
ENERGY SERIES NO, 6.
Rapport af: Bent Christensen, Bent Hove Jensen, Dennis
B. Mgller, Bjame Laursen, Bjame Lillethorup og Jacob
Mgrch Pedersen.
Vejleder: Bent Sgrensen.

51/82 "HVAD KAN LER GJRES FOR AT AFHJELPE PICERS BLOKERING

OVERFOR MATEMATIK 2"
Projektrapport af: Lis Eilertzen, lissi Pedersen, Lill
Rgn og Susanne Sterder.

“57/82 "IESUSPENSION OF SPLITTING ELLIPTIC SYMBOLS' -

.53/82 "THE CONSTTIUTION CF SUBJECTS IN ENGINEERING

55/82

57/83 "ASPECT EKSPERIMENTET"~

58/83

Af: Bernhelm Booss og Krzysztof Wojciechowskl.

EDUCATTION".

Af: Arne Jacobsen og Stig Andur Pedersen.
54/82 "FUTURES RESEARCH" - A Philosophical Analysis
: of Its Subject-Matter and Methods. :
Af: Stig Andur Pedersen og Johannes Witt-Hansen.

“MATEMATISKE MODELLER" - Litteratur Pa RJskilde’
Universitetsbibliotek.
En biografi.

Af: Else Hgyrup.

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

56/82 "EN-— TO ~ MANGE" -
En undersggelse af matematisk ¢kologi. ;
Projektrapport af: Troels Lange. i
Vejleder Anders Madsen. ~

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

“MATEMATISKE VANDRINGER" - Modelbetragtnin—

ger over spredning af dyr mellem smdbiotoper !
i agerlandet. .
Projektrapport af: Per Hammershgj Jensen og
Lene Vagn Rasmussen.

Vejleder: Jgrgen Larsen.

59/83"THE METHODOLOGY OF ENERGY PLANNING".
ENERGY SERIES NO. 7.
Af: Bent Sgrensen.

"MATEMATISK MODEKSPERTISE"- et eksempel.
Projektrapport af: Erik O. Gade, Jgrgen Kar-
rebzk og Preben Ngrregaard.

Vejleder: Anders Madsen.

60/83

61/83 "FYSIKS IDBOLOGISKE FUNKTION, SOM ET EKSEMPEL
PA EN NATURVIDENSKAB - HISTORISK SET".
Projektrapport af: Annette Post Nielsen.
Vejledere: Jens Hgyrup, Jens Hgjgaard Jensen
og Jgrgen Vogelius.

62/83 "MATEMATISKE MODELIER" - Litteratur pd Rockilde
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.

63/83

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

64/83

“"ANVENDT MATEMATIK ~ 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.

65/83

"MATEMATISKE MODELLER FOR PERIODISK SELEXKTION
I ESCHERICHIA QOLI".

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

Vejledere: Jprgen Larsen og Anders Hede Madsen.

66/83

67/83 YELEPSOIDE METODEN — EN NY METODE TIL. LINEZR
PROGRAMMERING? "
Projektrapport af: Icne Biilmann og Lars Boye.
Vejleder: Mogens Brun Heefelt.

68/83 "STOKASTISKE MODELLER I POPULATIONSGENETIK"
- til kritikken af teoriladede modeller.
Projektrapport af: Lise Odgird Gade, Susanne
Hansen, Michael Hviid og Frank Mplgird Olsen.
Vejleder: Jg¢rgen Larsen.



- 70/83

'69/83 "ELEVFORUDSEININGER I FYSIK" L 83/84 "ON THE QUANTIFICATION OF SECURITY":

-entmtilgnedkmnmtarer : : PEACE RESEARCH SERIES NO. L

Af: Bent Sgrensen
¢ ulsen nr. 83 er p.t. udgdet

25-27 april 1983.

"INDLERINGS — OG FORMIDLINGSPROBLEMER I MATEMATIK .
PA VOKSENUNDERVISNINCSNIVEAU' . 84/84 "NOGLE ARTIKLER (M MATEMATIK, FYSIK OG AIMENDANNELSE".
Projektrapport af: Hanne Lisbet Andersen, Tor- Af: Jens Hgpjgaard Jensen, Mogens Niss m. fl.
ben J. Andreasen, Svend Age Houmann, Helle Gle~ 85,/84" TORER OG —_—
Jensen, Keld Fl. Nielsen, Lene Vagn Ras— *CENTRIFUGALRECULA’ MATEMA' .
:u}p;sen ! ' Nagn Spec rt af: Per Hedegird Andersen, Carsten Holst-
- Yejleder: Klaus Grimbaum og Anders Hede Madsen. Jensen, Else Marie Pedersen og Erling Mgller Pedersen.
.o Vejleder: Stig Andur Pedersen.
71/83 "PIGER OG FYSIK" - .
- . = et problem og en \ﬁfommg for skolen? 86/84 "SECURITY IMPLI(‘AT%G‘IS OF ALTERNATIVE DEFENSE OPTIONS
Af: Karin Beyer, Sussanng Blegaa, Birthe Olsen, FOP. WESTERN EUROPE".
Jette Reich og Mette Vedelsby. PEACE RESEARCH SERIES NO. 2

. Af: Bent Sgrensen.

" 72/83 "VERDEN IFVIGE PEIRCE" - to metafysiske essays,

. / om og af C.S Peirce. s S, 87/84 "A SIMPLE MODEL OF AC HOPPING OOGNDUCTIVITY IN DISORDERED
Af: Peder Voetmann Christiansen. ) SoLIDS".

. o - ) ' Af: Jeppe C. Dyre.

" :73/83 ""EN ENERGIANALYSE AF ILANDBRUG" ' ’

s /8 < gkologisk contra traditionelt. 88/84 "RISE, FALL AND RESURRECTION OF INFINITESIMALS".
ENERGY SERTES NS. 9 Af: Detlef Laugwitz. o
Specialecpgave i fysik af: Bent Hove Jensen, :

Vejleder: Bent %xfgts]sen.~ 89/84 "FIERNVARMEOPTIMERING" .
’ : o Af: Bjarne Lillethorup og Jacob Mgrch Pedersen.

S o : : - 90/84 "ENERGI I 1.G - EN TEORI FOR TILRETTELAGGELSE".

’ ,'74/84 "MINIATURISERING AF MTKROELEKTRONIK" - cm vi= g Af: Albert Chr. Paulsen.
denskabeliggjort teknologl og nytten af at larce

" fysik.
.. Projektrapport af: Bodil Harder Linda Szko— .
- takJJensen . o3 91/85 "KVANTETEORI FOR GYMNASIET".
Vejledere: Jens Hpjgaard Jensen Bent C. Ji . 1. Larervejledning
. vel 19 o9 rgensen A Projektrapport af: Biger Lundgren, Henning Sten Hansen
75/84 "MATEMATTKUNDERVISNINGEN I FREMITUENS GYMASTUM" og John Johansson.
. - = Case: Line@r programmering. Vejleder: Torsten Meyer.
Projektrapport af: Morten Blaomhgj, Klavs Frisdshl "
og Frank Mplgaard Olsen. ) 92/85 "KVANTETBORI FOR GYMNASIET".
Vejledere Nbgens Brun Heefelt og Jens Bjgrmeboe. - 2. Materiale
- e e el e i oo PrOjektrapport af: Biger Lundgren, Henn:Lng Sten Hansen
76/84 "KERNEKRAFT I DANMARK?" - Et h¢ringssvar indkaldt og John Johansson. T
af miljeministeriet, med kritik af miljgstyrelsens Vejleder: Torsten Meyer.
rapporter af 15. marts 1984. . .
ENERGY SERIES No. lo 93/85 "THE SEMIOTICS OF QUANTUM -~ NON - LOCALITY".
Af: Niels Boye Olsen og Bent Sgrensen. " Af: Peder Voetmann Christiansen.
‘77/l8‘4‘ "POI.iHS}CE INDEKS -~ FUP ELLER FAKTA?" 94/85 ' TRgnmIG{EDEN BOURBAKI - generalen, matématikeren
) _ Opinionsundersggelser belyst ved statistiske og anden"
' ,opnbdeuer, vs Projektrapport af: Morten Blomhgj, Klavs Frisdahl
Projektrapport af: Svend Age Houmann, Keld Nielsen og Frank M. Olsen.
- og Susanne Stender. Vejleder: Mogens Niss.
Vejledere: Jg Larsen Je Bjgrneboe.
= T e ©9 Jens Bygrm 95/85 "AN ALTERNATIV DEFENSE PLAN FOR WESTERN EUROPE".
78/84 " JRVNSTRZMSLEININGSEVNE OG GITTERSTRUKTIUT I PEACE RESEARCH SERIES NO. 3 .
- AMORFT GERVANIUM". Af: Bent Sgrensen
. Special. rt af: Hans Hedal, Frank C. Ludvigsen
oﬁmr?,’pghysint_ ¢ VA 96,/85 " ASPEKTER VED KRAFTVARMEFORSYNING".
Vejleder: Niels Boye Olsen, Af: Bjarme ILilletorup.
. = * € sen Vejleder: Bent Sgrensen.
79784 "MATEMATIK OC ALMENDANNELSE". .
4 Projektrapport af: Henrik Coster, Mikael Wemner~  97/85 "ON THE PHYSICS OF A.C. HOPPING CONDUCTIVITY".
berg Johansen, Povl Kattler, Birgitte Lydholm Af: Jeppe C. Dyre.
og Morten Overgaard Nielsen, \ W
Vejleder: Bermhelm Booss. 98/85 "VALGMULIGHEDER I INFORMATIONSALDEREN".
Af: Bent Sgrensen.
80/84 "KURSUSMATERIALE TIL MATEMATIK B".
/‘ Af: Mogens Brun Heefelt. 99/85 "Der er langt fra Q til R".
Projektrapport af: Niels Jgrgensen og Mikael Klintorp.
81/84 "FREKVENSAFHANGIG LEDNINGSEWE I AMORFT GERVANTUM". Vejleder: Stig Andur Pedersen.
' Specialeraprort af: Jgrgen rsen
Speclaleraprort af: Jergen Wind Petersen o Jan /g5 “IALSYSTEMETS CPBYGNING".
Vejleder: Niels Boye Olsen. Af: Mogens Niss.
82/84 "MATEMATIK - ocnsnmmv:summxrmzmo- 101/85 "EXTENDCED MOMENTUM THEORY FOR WINDMILLS IN

PERTURBATIVE FORM".

MATISEREDE SAMFUND".
Af: Ganesh Sengupta.

Rapport fra et seminar afholdt i Rvidovre

" . 102/85 OPSTILLING OG ANALYSE AF MATEMATISKE MODELLER, BELYS'I‘
Rad Jenlezvs)g?aaxd Jensen, Bent C Je)rgensen VED MO OVER K 0G -
| . ProYjektrapport af: Lis Eilertzen, Kirsten Habekost, L:Lll Ren
: og Susanne Stender.
Vejleder: Klaus Griinbaum.




- -— *103/85 —"@DSIE KOLDKRIGERE -OG-VIDENSKABENS LYSE-IDEER". -

Projektrapport af: Niels Ole Dam og RKurt Jensen.
Vejleder: Bent S¢rensen.

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

105/85"THE FREQUENCY DEPENDENCE OF THF SPRCIFIC HEAT AF THE
GLASS REANSITIOL".
Af: Tage Cl'xristensen.

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.

"OUANTUM THEORY OF EXTENDED PARTICIES".
Af: Bent Sgrensen.

106/85

107/85 YEN MYG G@R INGEN EPIDFMI",

- flodblindhed som eksempel pd matematisk modelle-
ring af et epidemiologisk problem.

Projektrapport af: Per Hedegird Andersen, Lars Boye,
CarstenHolst Jensen, Else Marie Pedersen og Erling
Mgller Pedersen.

Vejleder: Jesper Larsen.

- 120/86_"ET- ANTAL STATISTISKE STANDARDMODELIER™. - = — - -~

Af: Jgrgen Larsen

121/86"SIMITATION I KONTINUERT T]D";

Af: Peder Voetmann Christiansen.

122/86 "ON THE MPECHANISM OF GLASS IONIC OONDUCTIVITY®.

123/86

124/86

125/86

126/86

127/86

108/85 "APPLICATIONS AND MODELLING IN THE MATEMATICS CIJR -
RICULIM" - state and trends - 128/86
Af: Mogens Niss.

109/85 "COX I STUDIETIDEN" - Cox's regressionsmodel anvendt pd

studenteroplysninger fra RIC.

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

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

111/85 JORDEN RINDT PA FLADE KORT".
Projektrapport af: Birgit Andresen, Beatriz Quincnes
og Jinmy Staal.
Vejleder: Mogens Niss.

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

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

114/85 "ANVENDEISE AP GNAFISKE METODER TIL ANALYSE
ONTIGENSTABEIIER" .
Pm3ektra[mort af: Ione Biilmann, Ole R. Jensen
og Anne-Lise von Moos.
Vejleder: Jdrgen Larsen.
115/85 “MATEMATIKKENS UDVIKLING OP TIl, RENESSANCEN".
Af: Mogens Niss,

"A PHENOMENOLOGICAL MODEL FOR THE MEYER-
NELDEL, RULE".

Af: Jeppe C. Dyre.

"KRAFT & FJERNVARMBOPTIMERING"

Af: Jacob Mgrch Pedersen.
Vejleder: Bent Sgrensen

116/85

117/85

118/85 TILFELDIGHEDEN OG NQUVENDIGHEDEN IFPLGE
PEIRCE OG FYSIKKEN".
Af: Peder Voetmann Christiansen

119/86 "DET ER GANSKE VIST — - EUKLIDS FEMIE POSTUIAT
KUNNE NOK SKABE RZRE I ANDEDAMMEN",
Af: Iben Maj Christiansen
Vejleder: Mogens Niss.

Af: Jeppe C. Dyre.

"GYMNASIEFYSIKKEN OG DEN STORE VERDEN".
Fysiklarerforeningen, IMFUFR, RIC.

"OPGAVESAMLING I MATEMATIK".
Samtlige opgaver stillet i tiden 1974-jan. 1986.

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

"OM UDVIKLINGEN AF DEN SPECIELLE RELATIVITETSTEORI".
Projektrapport af: Lise Odgaard & Linda Szkotak Jensen
Vejledere: Karin Beyer & Stig Andu.r Pedetsen.

"GALOIS' BIDRAG TIL UDVIILINGEN AF DFN ABSTRAXTE
Mm ". ) A =
Projektrapport af: Pernille Sand, Heine Larsen &
Lars Frandsen.

Vejleder: Mogens Niss.

"SMAKRYB" - cm ikke-standard analyse.
Projektrapport af: Niels Jgrgensen & Mikael Klintorp.
Vejleder: Jeppe Dyre. '

129/86 "PHYSICS IN SOCIETY"
Projektrapport af: Mikael Wennerberg Johansen, Poul Kat-

Lecture Notes 1983 (1986)
Af: Bent Sgrensen

130/86 “Studies in Wind Power"
Af: Bent Serensen
131/86 "FYSIK OG SAMFUND" - Et integreret fysik/historie-

132/86

133/86

projekt om naturanskuelsens historiske udvikling
og dens samfundsmassige betingethed.
Projektrapport af: Jakob Heckscher, Seren Brond,
Andy Wieroed.

Vejledere: Jens Heyrup, Jorgen Vogelius,

Jens Hejgaard Jensen.

"FYSIK OG DANNELSE"
Projektrapport af: Seren Brend, Andy Wiered.
Vejledere: Karin Beyer, Jorgen Vogelius.

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

134/87

135/87

136/87

137/87

"THE D.C. AND THE A.C. ELECTRICAL TRANSPORT IN AsSeTe SYSTEM"
Authors: M.B.El-Den, N.B.Olsen, Ib Host Pedersen,
Petr Viscor

"INTUITIONISTISK MATEMATIKS METODER OG ERKENDELSES~
TEORETISKE FORUDSETNINGER"

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

"Mystisk og naturlig filosofi: En skitse af kristendommens
forste og andet mede 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: 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

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

By: Peder Voetmann Christiansen

139/87 "Machbarkeit nichtbeherrschbarer Technik
durch Fortschritte in der Erkennbarkelt

der Natur”

Af: Bernhelm Booss-Bavnbek
Martin Bohle-Carbonell

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

By: Jens Gravesen

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

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

bys Bernhelm Booss-Bavnbek og
~ Krzysztof P. Wojciechowski

143/87 "Kursusmateriale til Matematik pa 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 milemetode.
Fysikspeciale af Jan Vedde

Vejledere: Niels Boye Olsen & Petr Visdor

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

148/87 "Naturvidenskabsundervisning med
Samfundsperspektiv'

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

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

by: Petr Viidor

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® v

PROBLEMS"

by: Bernhelm Booss-Bavnbek
Krzysztof P. Wojciechowski

153/88 "HALVLEDERTEKNOLOGIENS UDVIKLING MELLEM MILITERE

0G CIVILE KREFTER"

Et eksempel pd humanistisk teknologihistorie
Historiespeciale

Af: Hans Hedal )
Vejleder: Ib Thiersen

154/88 "MASTER EQUATION APPROACH TO VISCOUS LIQUIDS AND
THE GLASS TRANSITION" '

By: Jeppe Dyre

155/88 "A NOTE ON THE ACTION OF THE POISSON SOLUTION
OPERATOR TO THE DIRICHLET PROBLEM FOR A FORMALLY‘
SELFADJOINT DIFFERENTIAL OPERATOR"

by: Michael Pedersen

156/88 "THE RANDOM FREE ENERGY BARRIER MODEL FOR AC
CONDUCTION IN DISORDERED SOLIDS" -
by: Jeppe C. Dyre

157/88 " STABILIZATION OF PARTIAL DIFFERENTIAL EQUATIONS
BY FINITE DIMENSIONAL BOUNDARY FEEDBACK CONTROL:
A pseudo~differential approach.*

by: Michael Pedersen

158/88 "UNIFIED FORMALISM FOR EXCESS CURRENT NOISE IN
RANDOM WALK MODELS" .

by: Jeppe Dyre




