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ABSTRACT

The Dirac equation with light-cone data ;

(iy?® —§t— + iy "V - mi )u(t,x) = 0~

u(-|x},x) = f(x) , x e R® .

is considered and explicitly solved in terms of a "Light-cone

Fourier-transform" under approriate conditions on f.




1. Intr ion.
We shall consider the characteristic Cauchy problem for the

free Dirac equation

(iy® -Sa;c— +iy"V -mi)u(tx)=0- (1.1)
u(-|x|,x) = f(x) | - (1.2)

under suitable conditions on f, in four space-time dimensions.

The analogous problem for the Klein;Gordon equation was
considered in [1]. The wave-equation has been considered by Riesz [2]
and Strichartz [3], but in a very different way. For some general
results bn charateristic Cauchy-problems see Hormander [4].

| We shall show that there e*ist a Hilbert-space % of light-co_nei"
data such that (1.1) and (1.2) ‘have a unique weak solution u(t,x), with
u(t,’) e L2 (R% ,@%) for fin % and so that all "L2 - solutions" of (1.1)
have the property that u(t-l'l,' Yisin % .

The Dirac equation (1.1) will be rewritten, as an evolution

equation i-%—L;- =Hu in % andthe generator H will be diagonalized

by a "light-cone Fourier transform", which then allowe us to give an

explicit formula for u(t,x) in terms of f.



The Dirac equation is a hyperbolic system of linear partial

differential equations which can be written as

( i50%+ 9"V - mi Ju(t,x) =0 (2.1)

where m=+0 is the mass of the particle, u: RxR% » €4, % and the three

components of the vector y= (x,%2,°) are 4x4 complex matrices

fulfilling the anti-commutation relation
aha? + 5yt =2gH7 1 (2.2)

where gV =0for p + v, g =-gi=1,fori=1,2,3 and 1 is the
4x4 unit matrix. An explicit representation of the »H 's is given by

0 1 0 -gl
%0 = and i = , where 1in %0 is the

10 gl 0

2x2 unit matrix and the ol 's are the familiar Pauli-matrices given by



ol: , 02 = , 0% = . We shall use this representation

in the following.

The Dirac equation (2.1) is often considered as an evolution

equation with initial data on a space-like hyperplane, consider for

exsampel a t= constant hgperplane and write the equation as

! —gti: »%(-ix'V « mi)u , which can be considered as an evolution

equation in the Hilbert-space L2(R%,C4). The generator

D = 4%(-iyx'V + mi) defines a self-adjoint operator D with domain

D (D) = HY(RS,C4), the direct sum of the four identical Sobolev

spaces H'(R3). The associated spectral representation of a solut'ion

e-1Dtf can be written

- N — ~
u(t.x)=(210 7%, T ooy o G © TN Ks) ki) (23)

RS




for () e 4 (R3,€%) , the direct sum of the four identical

Schwartz-spaces 4 (R®) , where u,(k,s) , s = 1,2, are four
orthogonal eigenvectors of D = x%'k + ml) normalized such that

u,*u, = 0 = (|k|2+ mt)1/2 . The "Fourier-components” f.(*,s) is
essentially given by the ordinary Fourier-Plancherel transformation,

4

since L2(R%,¢?) = & L2(RY) it follows that the ordinary Fourier-
n=1

Plancherel transform lifts in a canonical way to a unitary

operator Fo : L2(R,3,€%) » L2(R,3.C*) such that

FoDFo* = D = 4%k + ml) and f = Fof . For f(*) e A(R% %) we have

the following explicit formula

(FOf)i(k,S) = < Vi(',k,S) ' f(') > L2(Rx3'¢4) (2.4)

Where

-3/2

Vi(x.k,s) = (270)77°" e kX uy(k,s) (2.5)




The associated Parseval’'s formula reads

Jausexutn = £u5e2 ] o | 1als)|? (2.6)
RS RS - ‘

for every t e R. Consider a solution u(t,x) such that ’fi € ,6(133) and o

construct the current J# = u yH u, where u = u*x? . It follows from

the Dirac equation (2.1) that J¥ is conserved, i.e.

d . . . . .'
\7)quJl =3t S evy=o. Intergration of this conservation equation.

~ over the region in RxR?® between a t=to hyperplane, to e R , and the -
ligth-cone © = { (t,x) : t=t'-|x| , t'<to } together with Gauss's

theorem and a decay estimate, given in [1], gives

[ &% at- x| %) (50 + o) utt'- | x| %)
RS

P LS RNOISTER NI ES (2.7)
gd K




where n = X | X | -1, equation (2.7) resemrbles a Parseval’s formula.
This indicates that there might excist a Hilbert-space ¥ of
ligth-cone data u(t-|-|, ) with the left-hand side of (2.7) as
scalar product and such that the map u(- l : l ) - u(t- I : | ) |
defines a unitary strongly continuos one-parameter group t - U(t) on
% . This will be shown to be the case in the next section.
Let u(0,x) have support in the region lx[s R and consider t =2 R.

It then follows from the finite propagation velocity that the support
of u(t-|x|.x) is in the region |x| < (R+t)/2 . This means that there
is a subspace %g C % of ligth-cone data with compact support.

[t follows again from the finite propergation velocity, that

U(t)%6g C %g . for t >0 . This need not be the case for t < 0,

which means that compact support of ligth-cone data, is in general,

only a semi-group property.



3. The light-cone evolution equation.

Consider the Dirac equation (2.1) and make the coordinate
exchange t-t' = t+|x| and X - X' = X such that a t'z constant is the =
backward light-cone with its apex at (t,0) . The new coordinates will

be called light-cone (LC) coordinates. In the LC coordinates the Dirac

equation becomes i( 1+ on') 3 = (-it'V' + my®)u’ where
w(t'x) = ult’- x| x) . o= g% andn = x'|x' |71 |, note that V' is
associated with the light-cone & = { (t.X) : t = - |x| } in the original
coordinates and G = { X' « R%} in the new coordinates, i.e. the

light-cone can be identified with R%® which will be done in the
following. We shall only use the LC coordinates from now on and can

therefore drop the primes. Hence the Dirac equation becomes

i(1+on) %ﬁ%— = ( -’V + my? u (3.1)

where n = x|x|"1 and o = 0% .




Definition 3.1. Let L2 = L%(%,¢*) where the measure on @ is the

Lebesgue measure on RY . Put

Q= 1+on and D= -tV + »'m - (3.2)

It then follows that 2-'Q is an orthogonal projection in L2 and that
the Dirac operator D defines a self-adjoint operator in L2 with
spectrum o(D) = (-c0,-m]U [m,) , m > 0.

The Dirac equation (3.1) can now be considered as an equation

in L2

, du
iQ T (t) = Du(t) (3.3)

which can be written as

D710 S (1) = u(t) (3.4)




since 0 & o(D) . From equation (3.4) it follows that if % e 2

thenu e D-1QL2 .

Definition 3.2. Let B = D-'Q and % ¢ = BL2 . Futhermore put

(f.g>%0 = (f.Og)Lz ' (3.5)' -

forf.ge % g .

It will be proved that % o is a pre-Hilbert space, but before doing that

we have to mention two lemmas, both proved in [1].

Lemma 3.3. Let Sg=-i(n'V+ V) with domain B (Sy) = CZ(IR?) |

in L2(R3) , then the following inequality holds -

” Sof " LAR®) - - S 4 J—IRS d'sx I Vf(X) |2 R e (36)

for all f e O (Sp) .
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Lemma 3.4. The range & (Sy) of Sg is dense in L(R?) .

Due to the inequality (3.6) Sy can be extended continuously to the
Sobolev space H'(RY) , let this extension be denoted S , it also follows
that S is symmetric in L2(R3) , since Sy is. Due to lemma 3.4. also S
have dense range ® (Sy) in L2(R3) , and since S is symmetric in L2(R?)

it follows that S is one-to-one, i.e. S has a densly defined inverse in

L2(R3Y) , in fact it is easy to show that

r

i
(Sg~1g)(x) >0 f palp, x|x|'1 ) dp (3.7)

for g e ® (Sq) .

Prpposition 3.5. % g is a pre-Hilbert space.
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Proof. The non-trivial pgrt is to prove that if {ff>9,=0 thenf =0
and since <f,f>4 o = <f.Qf> 2 this is to prove that Qf = 0 implies
f=0inL?.Let fe %o\0}.From the anti-commutqfion relation (2.2) -
it follows by a direct computasion that

(o<-n)(;><'v) + (d'V)(ql'n) =(nVv : vn 1 , ' (3.8)
on C°:) (R3,¢%) . In section 2 it was shown that the Dirac operator D in

L? is self-adjoint with domain & (D) = H'(RS,¢4%) . Now the above

defined operator S can be lifted in a canonical way to an operator S-1
on L (D), where 1 here denots the 4x4 unit matrix. Hence
DQ = (2-Q)D + S1 (3.9)

on O (D), since the left-hand side and the right-hand side agree on the .
dense subspace C°:)(IR3.G:") . Since 0 ¢ o(D) then D have a bound invers -

D-1 defined on ®R(D), which is dense in L2 , hence D-! can be extended




- i2-

to a continuous operator on L2 also denoted by D-' . Acting on (3.9)

with D' from both left and right gives

: QD-' = D-%(2-Q) + D-1s-1D"! (3.10
on ®R(D) . By acting with Q from both left and right equation (3.10)
gives

QB = D-'S'1B (3.11)

on {fel?2:Qf er(D)} ,since Q2 =2Q.Now f =Bge % o\{0} so it
follows from equation (3.11) that Qf = QBg = D-'S:1Bg and since D-!
is a bounded operator and the kernel for S is trivial in L2(R?®) then

D-1S-1Bg + 0 , i.e. if f « % g\{O} then Qf e L2\{0}, or in other words

ifQf =0 inlL2thenf=01in%g.

Definition 3.6. Let % be the completion of % q.

It follows from the definition that 2-1/2Q defines an isometry from %

into L2 , and that B defines a bounded self-adjoint operator on % .



Proposition 3.7. The range R(B) of B : 3% -% is dense in % .

Proof. Let y e (B% )L , i.e. ¥ is in the orthogonal complement of B%. ,

so {Y,Bf>4 =0 for all f e% . Consider f €% ¢, then f = Bg for some | )

g e L2 . Then <y,Bf> = 0 for all f e% implies that
<y.QD-'aD-'Qg> 2 = O for all g'e L2 . Since @D-'QD-'Q - (Df"S'ﬂD")"’O_‘
and ’the commutator [Q, D-1S:1D-'] = O then
{(D-'s-1D-1)2Qy , g D2 = or‘oo-’ow g )L2

= {y,ab-'QD-'Qg > 2

=y ,D-'aD-'Qg >2= 0 | (3.12)
for all geL?,i.e. (D-'S1D-1)2Qy = 0. Hence QY = 0 in L2 .. siﬁcé -1
is invertibel and the kernel for S is trivial in L2(RY%) , i.e. ¥ = 0 in %

(which is proved in proposition 3.5.)

Proposition 3.7. shows that B is one-to-one since it is self-adjoint_.'f-_‘.-;_“f__"""’ '




- 14 -

Definition 3.8. Put H = B~1 with & (H) = ® (B) in % .

Note that H is self-adjoint since B is. Equation (3.4) can then be

written as

i —%—‘%— (t) = Hu(t) (3.13)

with the solution u(t) = e-tHty(0) , u(0) e B (H) , i.e. Uy = e~tHt is the

time-evolution operator for light-cone data. From definition 3.8 it

follows that

CTHEY g = 1D (3.14)

and
CHEHf)> o = <Df.Df) |2 (3.15)

for all f e & (H),ie. & (H) C & (D) = H(RS,CY) .




- 15-

4. The light-cone Fourier transform.

The self-adjointness of H implies, due to the spectral theorem, that
there excist a spectral family { E(X) }y.g such that H = [p XdE(X) .

The following well-known formula allows E(X) to be expressed in .
terms of the resolvent R(z) = (H-2)71, for z in the resolvent set

p(H)

<t 1720(E(B)+E(B-0))-(E(od)+Elot=0NIF D
1 i)

= 1im = | dp <LIR(eie)-R(-10)ID 4 (4.1) .

ENO ol

In the following the rigth-hand side of equation (4.1) wil'l be
evaluated. . o

Let f belong to CNO(IR3,¢4) and put g = R(z)f for Im(z) + O .

It then follows that g belongs to & (H) and fulfills the equation . ...

(H-2)g = f | (4.2)
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which also can be written as (B-'-z)g = f . Now applying B to
this equation gives (1-zB)g = Bf . Consider this equation in L2, then

the fact that 49 (H)ﬁ C H(D) allows us to act with D . Which gi\)es
(D-zQ)g = Qf ' (4.3)

since B = D-1Q .

Definition 4.1. Let V, be defined in L2 by

(V,9)x) = e-iz|x]|g(x) (4.4)

on its maximal domain.

Proposition 4.2. 1f ¢ isin L2 such that V,~'¢ isin (D) then

(D-2Q)V,7 1P = V,~1(D-2)9 (4.5)

Proof. Equation (4.S) follows from a stréightforward computation.

Rewriting equation (4.3) as (D-zQ)V,~'V,g = Qf and using




proposition 4.2 gives

V,m1(D-2)V,g = f - (4.8)

for Im(z) < O, such that V, is bounded. Equation (4.6) can be solved

for g , which gives

g = V,~'(D-2)-1v,Qf (4.7)
and then
{FR(2)D> g = (V5 QT (D-2)"1V,Qf> 2 | - (4.8)

for Im(z) < 0 . The left-hand side of (4.8) is analytic for z not in
the spectra o(H) of H, which then shows that the right-hand side
has an analytic continuation to Im(z) > 0.

As described in section 2 the spectral theory for the Dirac '

operator D in L2 , is given by a unitary operator Fq on L2 , such that B
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FoDFg* = D = otk+x®m , k € R%, with eigenvalues =*wy. For f e L2

put for short f = Fof . Equation (4.8) can then be written as

(R@TY g = < Vo0 , (D-2)1 V,07 D2 (4.9)

where (D-z)-! has the following explicit representation

La

(D-2)71 = @™ Tudgoq 2 (xwy-2)"Tuylk,s)us*(k.s) (4.10)

and u(-,s) are four orthogonal eigenvectors of D normalized such

that u,*(k,s)us(k,s) = w, also described in section 2.

Definition 4.3. 1f f €C_ (R3,€") then f(s) is defined by

f4(k,5) = Uy (k.8 V. QNIK) (4.11)

fors=1,2,




With proper interpretation formula (4.11) also can be written as

F1(k,8) = Cug(-kos) 10D o (4.12)
where
us(x,k,s) = (210)-9/2 eﬂ‘*’k|¥|*ik'x u.(k,s) (4.13)

Now the rigth-hand side of equation (4.1) can be evéluated. Let

feCy,(R%CY and put

N B
9+(k.s,2) = (usa*(k,s)VzQf)(K) )*( us*(k,s)(V,Qf)(k) ) (4.14)

then formula (4.9) becomes

ddk iy |
(f.R(z)f)%:ZtZsﬂ'zfmsTk (20, -2)"1g.(k,5.2)  (4.15)



- 20-
Duing to the fact that g, is analytic in z and continuous in Kk
Fubinis theorem can be used on equation (4.15) which gives

8
1

eNO S

8
, d3k 1

= TiTear 2 lim J o 5 W [ duhilkspe)  (4.18)
eNO ot

where

he(k.S.J,€) = (2@, -(p+ie))~T gulk,s, p+ie)
-(xw, -(p-i€))~1 gulk,s,p-ie) (4.17)

Since g, is analytic in z Taylor's formula can be used and together

with Lebesgue’'s dominated convergence theorem equation (4.16)

becomes
B
. ] . .
lim e f du f[R(p+ie)-R(p-1€)1f) 4
eNO ol
d3k ’ €

= ZiZSﬂ.ZIRJ —a)—— 1-[_1 Iim J‘dp \yi(k.s,u.E) -

k eN0 o (Hzw,)2+€2

(4.18)
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where

Vo(k,s.0.E) = gulk,s, 1) - g4'(k,s, ) Hz0y)

.- 5(1/2[R§(gt"(£i))+Im(gi“(nt))‘](rwk-(p-ive))
- 1/2IRe(g, (€ )+ Im(g, (M . DNy -(p-ie)))
o | (4.19)
here g,' denote the parti:all derivative of  g. , g." the lsecond partial
derivative of g in the z-variable and 0 S&t.&g"ﬂi-ﬂi' <e.
Finaly since fg(y) = Tt-le(y2+e2)"1 is 2 delta fahilg (as €\0)

equation (4.18) gives

E
dp <fIR(p+ie)-R(j-1e)IfD 4

1
ma
eNO0 o

o<W, < B K ’ ' R .
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i.e.

B
l ) _
lim e 7 dg <f.[R(}l+I€)-R(J;1-I€?]f>3
eENO o 7
dsk ~
25212 f ® | 1.(ks) |2, m<a<B
o<W, <P K
3 ~
2.521,2 f -g)—'i | 1_(k,s) |2, et<B<-m
-5<Q)k<_°( K
" d3k
R B IR NCONE
(x)k<3 k
ddk ~
+2.521.2 f o | f_(k,s) |2 , ol<-m, B>m
(L)k<—°( k
0 , otherwise
" (4.21)

duing to the fact that W .(k,s,wy.0) = gu(k.s.2wp) = | f.(k,s)|2.
From equation (4.1) and (4.17) it then follows that



<f.[E(B)‘E(0‘)]f> o

»

dsk
25:1.2 f 0o l
O(<(.|.)k<ﬂ k
dsk
Tsa2 oy |
"B<Cl.)k<-°(
= < 4
dSk
25212 I
(l)k<B k
: d3k
+ZS=1.2 I (‘)k
' ‘®k<-°‘ .
0
\

a(k,s) |2, m<ot<B
f(ks) |2, o<B<-m
I ,(k.s) |2

| r(k.s) |2 .'o(<-m. g>m

, otherwise

Letting o —» -0 and B -» o formular (4.23) gives

"f"; = 22s:1.2 .rms

ddk
Wy

| T4(k.5)|2

(422)

. (4.24)




for f e C:(IR"‘.(I“) . Now the map defined in definition 4.3 can be

extended by continuity to an isometry.

”~

Definition4.4. Let % = % ., ®% _ ,% . = L2(M+.C?) where M, are

d3k

the mass-hyperboloids and the measure is  ——— . Define
k

F:9% - 9% by Ff=(f,, ).

It follows from formula (2.7) that themap F: % - % in fact is

onto, i.e. F is unitary.
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Theorem 4.5. The unitary map F : % - % , called the “light-cone

Fourier transform®, diagonalizes H , i.e.

”~

FHT = (@ fy -0y £ < (4.25)

L)

for f € H(H) .

Proof. Let feC7 (R3CY then

ATL(.5) = Cus(-k.s) L HIC) Dy

{ Du(-k,s), () D2

+w € u(*k,s) , Qf() 2

”~

- 20, 14(k,5) (4.26)

where Du, is understood in weak sence. Since H is closed and F is

continuous, formula (4.25) holds for all f € H(H) .
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The light-cone Fourier transform defines a kind of "duality”

between the light-cone and the mass-hyperdoloids.

o~

R:ecaﬁ thét formula (2.3) gives rise to é unitary -map from %
onto L2(R3,€%) of t = constant data, i.e. there is a one-to-one
correspondance between weak solutions u(t,x) of the Dirac
equation (2.1) with u(t,”) e L2(R3,€%) and the solution e-ihtf

f e% , of equation (3.13) .



5. Conclusion.

We have shown that the characteristic Cauchy problem for the Dirac

equation

a .
(ig® 5 + iV - mDU(tx) = 0

o= x| ) = fx) . xeR? (5.1)

has a unique weak solution with u(t,)) e L2(R3,€%) for all f e %
and that all “L2-solutions” are obtained in this way.
The Dirac equation was written as an evolution equation for |

light-cone data

. du | |
el H.u (_5.2).
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and the spectral theory for H was developed including a "light-cone

Fourier transform” which diagonalized H .
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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: Jgrgen Larsen.

12/79

13/79

14/79

15/79

16/79

17/79

"LINEERE DIFFERENTIALLIGNINGER OG DIFFEREN-
TIALLIGNINGSSYSTEMER".

Af: Mogens Brun Heefelt.

Nr. 12 er udgdet.

"CAVENDISH'S FORS@G I GYMNASIET".
Projektrapport ‘af: Gert Kreinge.
Vejleder: Albert Chr. Paulsen.

History,

"BOOKS ABOUT MATHEMATICS: Philosophy,

Education, Models, System Theory, and Works of".

Af: Else Hgyrup.

‘Nr. 14 er p.t. udgdet.

"STRUKTUREL STABILITET OG KATASTROFER i systemer

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

"STATISTIK I KREFTPORSKNINGEN".

Projektrapport af: Michael Olsen og J¢rn Jensen.

Vejleder: Jg¢rgen Larsen,

"AT SP@RGE OG AT SVARE i fysikundervisningen"
Af: Albert Christian Paulsen.

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". e
Projektrapport df: Tom J. Andersen, Tommy s
R. Andersen og Per H.H. Larsen. . R

Yejleder: Mogens Niss.

"STATISTISKE MOLELLER TIL BESTEMMELSE AF SIKRE - .
DOSER FOR CARCINOGENE STOFFER". -Hﬁ‘j:
Projektrapport af: Michael Olsen og J¢rn JEnsen ‘.
Vejleder: J¢rgen Larsen et

"KONTROL I GYMNASIET-FORMAL OG KONSEKVENSER". e
Projéktrapport af: Crilles Bacher, Per S. Jensen, o
Preben Jensen og Torben Nysteen. Tt

"SEMIOTIK OG SYSTEMEGENSKABER (1)".
l-port line®rt response og stgj i fysikken
Af: Peder Voetmann Chrlstunmwn

“ON THE HISTORY AF EARLY WAVE MBCHPNICS - with
special emphasis on the role af realitivity" .
Af: Helge Kragh. . SRt

24/80
ath

25/80
26/80

27/80

28/80

29/80

30/80

31/80

32/80

33/80

34/80

. Vejleder: Niels Boye Olsen.

"MATEMATIKOPFATTELSER HOS 2.G'ERE".

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

Vejleder: Mogens Niss.

, Dybdemodulet/fysik 1974-79.
"M MATEMATISKE MODELLER".

En projektrapport og to artikler.
Af: Jens Hpjgaard Jensen m.fl,

"EKSAMENSOPGAS

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

"DIEIEITRISK PELAXATION -.et-forslag til en ny
model bygget pd veskernes viscoelastiske egen— -
skaber". "

Projektrapport af: Gert Kreinge.

"ODIN - undervisningsmateriale til et kursus i
differentialligningsmodeller".

Projektrapport af: Tommy R.Pmdenyﬂh PerliH.
Larsen og Peter H. Lassen.

Vejleder: Mogens Brun Heefelt.

"FUSIONSENERGIEN - - = mnx&yuaﬂmuxns ENDESTATI*:‘ ‘
mll

Af: Oluf Danielsen.
Nr. 30 er udgdet.

"WIDENSKABSTEORETISKE PROBLEMER VED UNDERVISNINGS—-‘
SYSTEMER BASERET PA MENGDELERE" . .
Projektrapport af: Troels Lange og J¢rgen Kar-

rebak.

Vejleder: Stig Andur Pedersen.

Nr. 31 er p.t. udgdet.

"POLYMERE STOFFERS VISOOELASTISKE EGENSKABER -
BELYST VED HJELP AF MEKANISKE IMPEDN%%MHJN -
GER M)SSBAUEREFFEKTMALINGER".
Projektrapport af: Crilles Bacher og Preben .
Jensen.
Vejledere: Niels Boye Olsen og Peder Voet-

mann Christiansen.

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

ENVIRJ@END&:IMW%H‘AF“UND!QEEGY[HHIIZA—‘
TIm“ R
ENERGY SERIES NO. I.

Af: Bent S¢rensen

Nr. 34 er udgdet.



35/80

36/80

37/80

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

"HVAD ER MENINGEN MED MATEMATIKUNDERVISNINGEN?".

Fire artikler.

Af: Mogens Niss.

"RENEWABLE ENERCY AND ENERGY STORA(

38/81

39/81

40/81

41/81

42/81

43/81

44/81

"TIL, EN HISTORIETEORI (M NATURERKENDELSE, TEKNOLOGI
OG SAMFUND" .

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

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

Nr. 38 er p.t. udgdet.

"TIL, KRITIKKEN AF VEKSTUKONOMIEN".
Af: Jens Hpjgaard Jensen. -

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

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

Vejleder: Per Ngrgaard.

"PLANNING AND POLICY CONSIDERATIONS REIATED TO THE

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

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

h1/82

Er aldrig udkommet.

"EKSEMPLARISK UNDERVISNING OG FYSISK ERKENDESE~
ILLUSTRERET VED TO EKSEMPLER".

Projektrapport af: Torben O0.Olsen, Lasse Rasmussen og
Niels Dreyer Sgrensen,

Vejleder: Bent C. Jg¢rgensen.

YBARSEBACK OG DET VERST OFFICIELT-TENKELIGE UHELD".

"EN UNDERSZGELSE AF MATEMATIKUNDERVISNINGEN PA ADGANGS-
KURSUS TIL K@ZBENHAVNS TEKNIKUM".

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

Vejleder: Mogens Niss.

"ANALYSE AF MULTISPEKTRALE SATELLITBILIEDER".
Projektrapport af: Preben Ngrregaard.
Vejledere: Jgrgen Larsen og Rasmus Ole Rasmussen.

"HERSIEV - MIULICHEDER FOR VEDVARENIE ENERGI I EN
1ANDSEY".

ENERGY SERIES NO. 6.

Rapport af: Bent Christensen, Bent Hove Jensen, Dennis
B. Mpller, Bjame Laursen, Bjarme Lillethorup og Jacoh
Mgpreh Pedersen.,

Vejleder: Bent Sgrensen.

"IIVAD KAN DR GPRS TOR NT AFHJELPE PICERS BLOKERING
OVERFOR MATEMATIK 2"

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

52/82 "EE'SIBPENSIQI CF SI’LI'ITING EI..LIP'I'IC SYMBOLS"
: Bernhelm Booss og Krzysztof Wojciechowski.

53/82 "THE CONSTITUTION OF SUBRJECTS IN ENGINEERING
EDUCATTION".
Af: Arne Jacobsen og Stig Andur Pedersen.

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

55/82 "MATEMATISKE MODELLER" - Litteratur pA Roskilde

Universitetsbibliotek.
En biografi.
Af: Else Hgyrup.
Vedr. tekst nr. 55/82 se ogsd tekst nr. 62/83.
56/82 "EN--.TO - MANGE" -
En undersggelse af matematisk g¢kologi.
Projektrapport af: Troels Lange. _ -
Vejleder: Anders Madsen.
57/83 "ASPECT EKSPERIMENTET"-
Skjulte variable i kvantemekanikken?
Projektrapport af: Tom Juul Andersen.
Vejleder: Peder Voetmann Christiansen.
Nr. 57 er udgdet.
58/83 “"MATEMATISKE VANDRIN - Modelbetragtnin-

ger over spredning af dyr mellem sméhiotoper
i agerlandet.

Projektrapport af: Per Hammershpj Jensen og
Lene Vagn Rasmussen.

Vejleder: Jgrgen Larsen.

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

60/83 "MATEMATISK MODEKSPERTISE"- et eksempel.
Projektrapport af: Erik O. Gade, Jgrgen Kar—
rebak og Preben Ngrregaard.

Vejleder: Anders Madsen.

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

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

"GRFATING ENERGY FUTURES:A SHORT GUIDE TO ENER~-
GY PLANNING”.

ENERGY SERIES No. 8.

Af: David Crossley og Bent Sgrensen.

63/83

64/83 "VON MATEMATIK UND KRIEG".
Af: Berhelm Booss og Jens Hgyrup.

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

Vejledere: Bernhelm Booss og Klaus Grinbaum.

65/83

66/83 "MATEMATISKE MODELLER FOR PERIODISK SELEKTION
I ESCHERICHTA COLI".

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

Vejledere: Jgrgen larsen og Anders Hede Madsen.

"ELEPSOIDE METODEN - EN NY METODE TIL LINEAR
PROGRAMMERING?"

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

67/83

68/83 "STOKASTISKE MODELLER I POPULATIONSGENETIK"
- til kritikken af teoriladede modeller.
Projektrapport af: Lise Odgdrd Gade, Susanne
Hansen, Michael Hviid og Frank Mplgdrd Olsen.
Vejleder: Jgrgen Larsen.



69/83 "ELEVFORUDSETNINGER I FYSIK" 83/84 "ON T QUANTLIFICAITON OF SEOURPIY"

- en test 1 l.q med kammentarer, DEACE RESEARCHH SERIES NO. X
Af: Albe: . . Af: Bent Sgrensen
rt C. Paulsen : nr. 83 er p.t. udgidet
70/83 "INDLERINGS - OG FORMIDLINGSPROBLEMER I MATEMATIK .
. PA VOKSENUNDERVISNINCSNIVEAU". . 84/84 “"NOGLE ARTI]SLER oM MATEMATIK, FYSIK OG AIMENDANNE[SB .
Projektrapport af: Hanne Lisbet Andersen, Tor— Af: Jens Hpjgaard Jensen, Mogens Niss m. fl.
ben J. Andreasen, Svend Age Houmann, Helle Gle— N i "
rup Jensen, Keld Fl. Nielsen, Lene Vagn Ras- 85/84"CENTRIFUGALRECULATORER OG MATEMATIK". .
mussen. . Specialerapport af: Per Hedegird Andersen, Carsten Holst-
Uejleder: Klaus Grimbaum og Anders Hede Madsen. . Jensen, Else Marie Pedersen og Erling Mpller Pedersen. .- o
. . . Vejleder: Stig Andur Pedersen. . .. A
71/83 "PIGER OG FYSIK" - . L
- et problem og en udfordring for skolen? 86/84 "SECURTTY IMPLICATIONS OF ALTERNATIVE DEFENSE OPTIONS -
Af: Karin Beyer, Sussanng Blegaa, Birthe Olsen, FOR WESTERN EURCPE".
Jette Reich og Mette Vedelsby. . PEACE RESFARCH SERIES NO. 2

Af: Bent Sgrensen.

72/83 "VERDEN IFYLGE PEIRCE" - to metafysiske ess
- om og af C.S Peirce. frs s, 87/84 "A SIMPLE MOLEL COF AC HOPPING QONDUCTIVITY IN DISORDERED

Af: Peder Voetmann Christiansen. SQLIDS". , , A
73/83 “"EN ENERGIANALYSE AF LANDBRUG" o e

- gkologisk contra traditionelt. 88/84 "RISE, FALL AND RESURRECTION OF M‘IMTESIMS“
ENERGY SERIES No. 9 _ Af: Detlef Laugwitz.

Specialecpgave 1 fysik af: Bent Hove Jensen, " "

Vejleder: Bent Sgrensen. 89/84 "FIERNVARMBOPTIMERING" .

Af: Bjarne L:Lllethorup og Jacob Mgrch Pedersen. )

. ' 90/84 "ENERGI I 1.G - EN TEORI FOR TILREYI'I‘E:L&XI;E:ISE
74/84 "MINIATURISERING AF MIKROELEKTRONIK" - om vi- Af: Albert Chr. Paulsen

denskabeliggjort teknologi og nytten af at lare

fysik.

Projektrapport af: Bodil Harder og Linda Szko- : "
tak Jensen. - 91/85 "KVANTETEORI FOR GYMNASIET".

Vejledere: Jens Hpjgaard Jensen Bent C. Jgrgensen. 1. Larervejledning .
’ 2 o ? Projektrapport af: Biger Lundgren, Henning Sten Hansen

75/84 "MATEMATIKUNCERVISNINGEN I an'inms GYMNASTUM" og John Johansson.
- Case: Linezr programmering. Vejleder: Torsten Meyer.
Projektrapport af: Morten Blomm)j, Klavs Frisdahl N "
og Frank Mglgaard Olsen. 92/85 "KVANTETEORI FOR GYMNASIET".
Vejledere: Mogens Brun Heefelt og Jens Bjgrneboe. 2. Materiale
Projektrapport af: Biger Lundgren, Henning Sten Hansen
76/84 "KERNEKRAFT I DANMARK?" - Et hgringssvar indkaldt og John Johansson. .
af miljpministeriet, med kritik af miljgstyrelsens . Vejleder: Torsten Meyer.
rapporter af 15, marts 1984, Y
ENERGY SERIES No. lo 93/85 "THE SEMIOTICS OF QUANTUM - NON - ID:‘ALI'I'Y
Af: Niels Boye Olsen og Bent Sgrensen. Af: Peder Voetmann Christiansen.
77/84 "POLITISKE INDEKS - FUP ELLER FAKTA?" 94/85 “TR;?\IIGIEDEN BOURBAKI - generalen, matematikeren
inionsundersggelser belyst ved statistiske og s
ggdellei, pge ve Projektrapport af: Morten Blomhgj, Klavs Frisdahl
Projektrapport af: Svend Houmann, Keld Nielsen - og Frank M. Olsen.
og gusanne Stender. Aoe ! ’ Vejleder: Mogens Niss.

. Vejledere: Jgrgen Larsen og Jens Bigrneboe.

95/85 "AN ALTERNATIV DEFENSE PLAN FOR MES'IEIN EUROPE" .-

78/84 "JEVNSTRAMSLEININGSEVNE OG GITTERSTRUKTUT I PEACE RESEARCH SERIES NO. 3
AMORFT GERMANIUM". Af: Bent Sgrensen
Special. rt af: Hans Hedal, Frank C. Ludvigsen
og Finn C.. physant. ) 96/85"ASPEKTER VED KRAFTVARMEFORSYNING".
Vejleder: Niels Boye Olsen. Af: Bjarne Lilletorup.

Vejleder: Bent Sgrensen.

79784 "MATEMATIK OG ALMENDANNELISE".
" .C. OONDUCTIVITY" .
Projektrapport af: Henrik Coster, Mikael Wenner— 97/85 "ON THE PHYSICS OF A.C. HOPPING

berg Johansen, Povl Kattler, Birgitte Lydholm - Af: Jeppe C. Dyre.
og Morten Overgaard Nielsen. . "
Vejleder: Bernhelm Booss. B 98/85 "VALGMULIGHEDER I INFORMATIONSALIEREN".

‘ Af: Bent Sgrensen.
80/84 "KURSUSMATERIALE TIL MATEMATIK B".

: Mogens 99/85 "Der er langt fra Q til R".
A Brun Heefelt. Projektrapport af: Niels Jgrgensen og Mikael Kl:Lntorp.
81/84 "FREKVENSAFHANGIG LEININGSEWNE I AMORFT GERVANIUM". Vejleder: Stig Andur Pedersen.
. f:pﬁﬁleﬁ’;@_ re af: Jo Wind Pete °g Jan 100/85 "TALSYSTEMETS CPBYQNING".
Vejleder: Niels Boye Olsen. Af: Mogens Niss.

82/84 "MATEMATIK - OG FYSTKUNDERVISNINGEN I DET AUTO - 101/85 "EXTENCED MOMENTUM THEORY FOR WINIMILLS IN
MATTSERETE SAMFUND". PERUREATIVE F FORM" .
Rapport fra et seminar afholdt i Hvidovre : Ganesh gupta.

25-27 april 1983. 102/85 OPSTILLING OG ANALYSE AF MATEMATISKE MODELIER, BELYST

:;d. : Jenleilg!jsqaard Jensen, Bent C. J@rgensen VED MO KZERS 0G - S e
gens : ProYektrapport af: Lis Eilertzen, Kirsten Habekost, 141l an
og Susanne Stender. .
Vejleder: Klaus Griinbaum.



120/86 "ET ANTAL STATISTISKE STANDARDMODELLER".

" ICEER".
103/85 "@DSLE KOLDKRIGERE OG VIDENSKABENS LYSE Af: Jgrgen Larsen

Projektrapport af: Niels Ole Dam og Kurt Jensen.

Vejleder: Bent Sgrensen. 121/86"SIMULATION I KONTINUERT TID".

104/85 "ANALOGREGNEMASKINEN OG LORENZLIGNINGER". Af: Peder Voetmann Christiansen.
Af: Je J: .
ens Jager 122/86 "ON THE MBCHANISM OF GLASS IONIC CONDUCTIVITY".

105/85"THE FREQUENCY DEPENDENCE OF THF. SPRTIFIC HEAT AF THE Af: Jeppe C. Dyre.
(WASS REANSITICH".
Af: Tage Christensen. 123/86 "GYMNASIEFYSIKKEN OG [EN STORE VERDEN".

Fysiklarerforeningen, IMFUFA, RUC.
"A SIMPLE MODEL AF AC HOPPING CONDUCTIVITY".

Af: Jeppe C. Dyre. 124/86 “OPGAVESAMLING I MATEMATIK".
Contributions to the Third Intermational Conference Samtlige opgaver stillet i tiden 1974-jan. 1986.
on the Structure of Non - Crystalline Materials held
in Grencble July 1985. 125/86 "UVBY - gystemet - en effektiv fotametrisk spektral-
. 1kation af B-,A- og F-stjemer".
106/85 "QUANTUM THEORY OF EXTENDED PARTICIES". - - Pm;ektrapport af: Birger Lundgren.

Af: Bent Sgrensen.
126/86 "OM UDVIKLINGEN AF DEN SPECIELLE RELATIVITETSTEORI".

107/85 “EN MYG OGPR INGEN EPICFMI" 7 Projektrapport af: Lise Odgaard & Linda Szkotak Jensen
- flodblindhed som eksempel p& matematisk modelle- Vejledere: Karin Beyer & Stig Andur Pedersen.

ring af et epidemiologisk problem.
Projektrapport af: Per Hedegdrd Andersen, lars Boye, 127/86 "GALOIS' BIDRAG TTL UDVIKLINGEN AF DIN ABSTRAKTE

CarstenHolst Jensen, Else Marie Pedersen og Erling ALGEBRA" .
Mpller Pedersen. Projektrapport af: Pernille Sand, lleine Larsen &
Vejleder: Jesper Larsen. Lars Frandsen.
Vejleder: Mogens Niss.
108/85 "APPLICATIONS AND MODELLING IN THE MATEMATICS GJR - .
RICULUM" - state and trends - 128/86 "SMAKRYB" - am ikke-standard analyse.
Af: Mogens Niss. Projektrapport af: Niels Jorgensen & Mikael Klintorp.
. Vejleder: Jeppe Dyre.
109/85 "COX I STUDIETIDEN" - Cox's regressionsmodel anvendt pé "
studenteroplysninger fra RIC. 129/86 "PHYSICS IN SOCIETY"
Projektrapport af: Mikael Wennerberg Johansen, Poul Kat- Lect N 198 86
ler og Torben J. Andreasen. ecture Notes 1983 (1986)
Vejleder: J¢rgen Larsen. Af: Bent S¢grensen

130/86 "Studies in Wind Power"

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

Af: Bent Sgrensen

111/85 JSORDEN RUNDT PA FLADE KORT". 131/86 "FYSIK OG SAMFUND" - Et integreret fysik/historie-
Projektrapport af: Birgit Andresen, Beatriz Quincnes projekt om naturanskuelsens historiske udvikling
og Jimmy Staal. og dens samfundsmzssige betingethed.

Projektrapport af: Jakob Heckscher, Seren Brend,

Vejleder: Mogens Niss.
J Andy Wieresd.

112/85 "VIDENSKABELIGGPRELSE AF DANSK TEKNOLOGISK INNOVATION Vejledere: Jens Heyrup, Jorgen Vogelius,
FREM TIL 1950 - BELYST VED EKSEMPLER". Jens Hejgaard Jensen.
Projektrapnort af: Erik Odgaard Gade, Hans Hedal,
Frank C. Ludvigsen, Annette Post Nielsen og Finn 132/86 "FYSIK OG DANNELSE"
Physant. Projektrapport af: Seren Brond, Andy Wierod.
Vejleder: Claus Bryld og Bent C. Jgrgensen. Vejledere: Karin Beyer, Jorgen Vogelius.
113/85 "DESUSPENSION OF SPLITTING ELLIPTIC SYMBCES 11". 133/86 "CHERNOBYL ACCIDENT: ASSESSING THE DATA.

ENERGY SERIES NO. 15.

Af: Bernhelm Booss Krzysztof Wojciechowski.
©9 } AF: Bent Sorensen.

114/85 "ANVF.NMSE AF GRAFISKE METODER TIL ANALYSE

KONTIGENSTARELLER" .
ijektrapoort af: Ione Biilmann, Ole R. Jensen
oglAr!ne—Lise von Moos. 134/87 "THE D.C. AND THE A.C. ELECTRICAL TRANSPORT IN AsSeTe SYSTEM"
Veileder: Jo Larsen.
J rgen Authors: M.B.El-Den, N.B.0Olsen, Ib Host Pedersen,
115/85 "MATEMATIKKENS UDVIKLING OP TIL RENESSANCEN". Petr Viscor
Af: Mogens Niss.
116/85 "A PHENCMENOLOGICAL MODEL FOR THE MEYER- 135/87 "INTUITIONISTISK MATEMATIKS METODER OG ERKENDELSES~
NELDEL RULE". . TEORETISKE FORUDSATNINGER"
Af: Jeppe C. Dyre. MASTEMATIKSPECIALE: Claus Larsen
117/85 “KRAFT & FIERNVARMEOPTIMERINC® Vejledere: Anton Jensen og Stig Andur Pedersen
Af : Jacoh Mprch Pedersen.
Vejleder: Bent Sgrensen 136/87 "Mystisk og naturlig filosofi: En skitse af kristendommens
” . 3 1
118/85 TILEEIDI oG I forste og andet mpde med grask filosofi
PEIRCE OG FYSTKKEN", Projektrapport af Frank Colding Ludvigsen
Af: Peder Voetmann Christiansen Vejledere: Historie: Ib Thiersen
Fysik: Jens Hejgaard Jensen
119/86 "DET ER GANSKE VIST - - EUKLIDS FEMIE POSTULAT BT T SrorrER" - Resumo af licentiatafhandling
KUMNE NOK SKABE RZRE I ANDEDAMMEN".
Af: Iben Maj Christiansen Af: Jeppe Dyre
Vejleder: Mogens Niss. 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’

13987 "Machbarkeit nichtbeherrschbarer Technik
durch Fortschritte in der Erkennbarkeit
der Natur"

Af: Bernhelm Booss-Bavnbek
Martin Bohle-Carbonell

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

By: Jens Gravesen

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

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

by: Bernhelm Booss-Bavnbek og
Krzysztof P. Wojciechowski

143/87 “"Kursusmateriale til Matematik p& 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 Camo Lecture.
Joensuu, Finland, 6 - 8 august 1987.
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