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2. R E S E A R C H P R O J E C T S

Summaries of current research projects are given. References (000)

refer to our internal publication list, see § 7, publications.

2.1 MAGNETIC PROPERTIES OF DISORDERED SYSTEMS

2.1.1 Relaxation effects in spin glass systems

10. Beckman. L. Lundgren. P. Nordblad and P. Svedlindh)

Time dependent properties of the zero field cooled (ZFC) as well as u*

the field cooled (FC) magnetization of an Au(B at;', fe) spin glass have

been investigated in the SQUIO magnetometer (385). The time dependence

of the FC magnetization, after a step decrease in temperature of 0.1

K, is illustrated in Fig. 1 for some temperatures in the vicinity of

the spin glass freezing temperature, T The irreversibility boundary

in the H-T plane at an observation time of 100 sec was traced out by

locating the onset of a decrease of the magnetization. For the ZFC

magnetization, the disappearance of an increase of the magnetization

at the same observation time was located. The 100 sec FC and 100 sec

ZFC curves are depicted in Fig. 2. Also included in the figure is the

field dependence of T (defined as the position of the cusp in the

susceptibility vs temperature curve). These measurements are

interpreted to reveal the existence of spin cluster recombinations at

temperatures below T . A wide distribution of relaxation times for the
9

spin clusters is still preserved, however.

A nonexpected result was obtained when ac susceptibility measurements

were performed on a CuU at/. Mn) spin glass (369). It was then

observed that after a step change (increase or decrease) in

temperature, and after a corresponding step change of the

susceptibility both the real (x ) and the imaginary (x ) parts of the

complex susceptibility slowly decreased in magnitude with time at

constant temperature. This effect was particularly noticeable at low

frequencies and is visualized in Fig. 3 for x at 1.7 Hz. This

experimental result was analyzed within the phenomenological model

prescribing a wide distribution of relaxation times. As previously

shown x relates to the density of relaxation times, g (T) according

to:
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fig. 1.
Relative change of magnetisation with time, at constant temperature,

after a step decrease in temperature of 80 mK. Constant field equal

to 0.1 mT. T (dc) -_ 28.38 K.
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Fig. 2.
100 sec ZFC, 100 sec FC and T plotted in a H-T diagram. The 100 sec
ZFC line represents the disappearance of time effects of the zero
field cooled magnetization at an observation time of 100 sec. The
100 sec FC line corresponds to the onset of a decrease of the field
cooled magnetization at an observation time of 100 sec.



m !T )
v o m

9<\

1)

; T * 1 /u)
m
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with relaxation time t .
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ID - angular frequency of the applied field h = h siniut.

The found time dependence of the susceptibility was interpreted to

arise from a sudden increase of g d ) at short relaxation times

followed by a slow recovery of the spectrum towards long relaxation

times. The possibility to probe the relaxation time spectrum through

Eq. (1) was in these ac susceptibility itii>asui events limited to

T <. 10 sec. In order to further investigate dynamics within the

spectrum, a set of ZFC magnetization curves was recorded (396) each of

which obtained after various waiting periods, t , at constant

temperature before the external field was applied (Fig. 4). Within

the same phenomenological spin glass model as mentioned above, it is

possible to relate the relaxation rate of the magnetization to the

spectrum according to:

3m/3lnt = m (T ) g(t ) ; T
s o m 3 m m

(2)

where t - 0 defines the time when the external magnetic field is

applied. Using Eq. (2) to analyze the curves in Fig. 4. it is possible

to obtain information of the spectrum at long relaxation times. By

combining the results from the ac susceptibility and the ZFC

magnetization measurements we have obtained the time dependence of the

relaxation time spectrum. The evolution of the relaxation time

spectrum (g (t) vs T) with the time (t = t • t ) the sample hastot w "s1

been kept at constant temperature is shown in Fig. 5. As can be seen

in the figure, the spectrum moves towards longer relaxation times like

a wave. This time dependence of the spectrum is at variance with the

common picture of a static spectrum, having a flat distribution of

relaxation times (i.e. g(i) constant). In the experimental situation

such an "equilibrium" spectrum is only observed when the time scale of

the experimental probe is some orders of magnitude smaller than the

total time, t the sample has been kept at constant temperature.

This implies t >> 1/ui in ac susceptibility and t >> t in ZFC

experiments respectively. However, thermodynamic equilibrium is not

obtained until the time the sample has been kept at constant
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Fig. 3.
Time dependence of x at an applied frequency of 1.7 Hz. The sample
temperature is increased in discrete steps of 1 K every 200 sec. The
dotted lines mark equilibrium values of x at respective temperature.
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Fig. 4,

Zero field cooled (ZFC) magnetization curves of Cu-* at.Z Mn i*.
constant temperature T : 23 K. The various curves refer to differer-t
waiting times, t , at 23 K before the external field of 0.1 mT is
applied (at t -. oY.
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temperature exceeds the maximum value of the relaxation times (T

of the equilibrium spectrum. Since t attains
max

max

onomic values

already some kelvin below T the spin glass state is 3 nonequilibrium

one. in the thermodynamic sense.

Fig. 5. K ..ution of the
relaxation *ime spectrum
(g!i , v=, . with «ttot) the
sample nas been kept at
constant iLRvéXature T =
23 i

T (sec)

2 1.2 Crystallization and magnetic behaviour of fe^, w B
y J * x 5 x

amorphous ferromagnets

(L. Lundgren and S. Ramasamy)

A systematic study of the amorphous ferromagnetic alloys Fe w B (x
•J J" " j K

= 15,20,25) as regards effects of annealing on the magnetic behaviour

has been made (406). The main results may be summarized as follows:

(l) By studying the variation of the Curie temperature ,. '.'r. annealing

of the alloys below the crystallization temperature we observe a two

step relaxation process. The first stage seems to be ai;e to short

range order between Fe atoms by rearrangements of metalloid atoms

between energetically non-equivalent interstitial sites Tne nature of

the second relaxation stage is yet to be investigated.

(ii) X-ray analysis of a crystallized F e
7 t )W 5B 2 5 alley shows the

formation of the following phases: a-Fe, Fe B, WFeB and (fe W „) B.

We observe a stable ferromagnetic phase arouni E° K after

crystallization which tentatively arises due to tf.e presence of

(ill) Low temperature measurements show that buth '. Vt exchange

interaction and the correlation length are increased with sn increase

in boron content. This behaviour is further underlined by a continuous
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increase of Curie temperature with boron content. Measurements of

stiffness constants for alloys annealed below the crystallization

temperature are supposed to give more information regarding the role

of boron in increasing the Curie temperature.

(IV) A scaling law analysis of the ferro/paramagnetic phase transition

shows that the critical exponents do not change with annealing below

crystallization temperature in spite of a significant change in Curie

temperature. For all three alloys we find the critical exponent P =

0.43 significantly higher than that expected for Heisenberg systems

but generally observed for amorphous materials. The specific heat

exponent a (* -0.5) differs markedly from that of a Heisenberg system.

Similar results of the critical exponents are found in the amorphous

( F e x N l 1 - K l 7 5 P 1 B B B A 1 3 < ° - 2 i * l ' > .

2.2 MAGNETIC STRUCTURES AND PHASE TRANSITIONS. MAGNETIC DOMAINS.

2.2.1 Neutron diffraction measurements on hexagonal FeGe (B35)

(0. Beckman. 3. Bernhard, B. Lebech)

Hexagona1 FeGe is a uniaxial antiferromagnet with the spins

predominately parallel to the c-axis (Neel temperature T = 411 K).

Earlier susceptibility, spin flop and neutron diffraction measurements

indicate that the spins tilt away from the c-axis below about 30 K and

form an antiferromagnetic cone structure. At 4.2 K the spin flop

occurs at 1.4 T for B x C and at 7.1 T for B||c.

In cooperation with Rise National Laboratory, Roskilde, Denmark,

neutron diffraction measurements have been carried out (394). The

intensities of the (0. 0.1/2+.q), (0.0.3/2*.q) and (1.0.1/2±.q) magnetic

satellites have been measured between 4.2 and 60 K in zero magnetic

field. Examples of some scans are shown in fig. 6. The intensity of

the (1.0.1/2) antiferromagnetic peak has also been measured as

function of temperature. In our neutron diffraction measurement* the

(0.0. i/2+.q) , (0.0.3/2*.q) and (1.0.1/2*.q) satellites do not vanish

above 30 K, as would have been expected from earlier measurements.

Instead the satellites exist to a temperature of approximately 57 K.

If the neutron data are interpreted as an antiferromagnetic cone

structure, the cone half-angle a can be calculated as shown in fig. 7.

In this figure the results from older spin flop measurement* (Beckman

et al., Physica Scripta i, 151 (1972))
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ana from older neutron diffraction measurements (Forsyth et al.. J.

Phys. F 9. 2195 (1978)) are also shown.

Some neutron diffraction measurements have also been made with

magnetic field perpendicular to the c-axis. The intensities of the

(O.O.I/2+.q) satellites as function of magnetic field are shown at 4.4

K in fig. 8. At this temperature the spin flop occurs at 1.4 T. The

measurements show that the spins do not flop to the c-axis above 1.4 T

for B perpendicular to the c-axis.

More neutron diffraction measurements in magnetic field are in

progress. Magnetisation measurements are planned in the new 13 T

superconducting magnet.

— Beckman et al (1972)
v Forsyth et al (1976)
o* This work
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Fig. 7. Cone half angle in
FeGe (B35) calculated from
experimental data assuming a
double ccne antiferromagnetic
structure. Also shown are the
cone half angles determined by
Forsyth et al (1978) and that
calculated by Eeckman et al
11972).

60

w
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2.2.2 Specific heat of the ferromagnet US near T_

(0. Beckman. L. Lundgren and P. Nordblad)

A joint project with Or. R. Trot (Polish Academy of Sciences,

Institute for Low Temperature and Structure Research. Wroclaw, Poland)

on the cjitical behaviour of some actinide compounds has been

initiated. The critical behaviour will be studied by means of magnetic

susceptibility and heat capacity measurements, preferably performed on

single crystal materials. The Polish group has long experience in

producing actinide compounds and in growing single crystals of these

compounds. The cooperation has started with a one month stay in

Uppsala by R. Troc, during which the specific heat of a single crystal

of uranium monosulfide US near its Curie temperature (T *. 178.5 K)

was measured. The compound US is cubic with NaCl structure. Below T

it continuously developes a rhombohedral distortion amounting to (c-

a)/a ~ 0.01 at 4.2 K. The spins align along [111] directions with a

high magnetocrystalline anisotropy energy. It is of interest to

examine the specific heat of a ferromagnet with cubic symmetry which

develops a high anisotropy in the critical region (there also remains

appreciable anisotropy in the paramagnetic region) The specific heat

of US has previously been measured in the temperature range 1.5-300 K

by Westrum et al. (J. Chem. Phys. i£, 155 (196B)), but the critical

behaviour wac not thoroughly investigated. We measured the specific

heat of us using the heat pulse technique (heat pulses giving

temperature increments of -10 mK were used). The magnetic specific

heat of US is plotted in Fig. 9. There are three noticeable features

-1of the specific heat in the critical region |t| <. 10 (t <T-Tc)/Tc):

(i) There is a difference in magnitude of the specific heat at

temperatures below T depending on the thermal history of the sample.

The lower lying data points were taken after the sample had been

cooled to a temperature -"0.5 K below T . The other set of data with a

higher magnitude were taken after the sample had been cooled to a

temperature 20 K below T&. This strange hysteresis can possibly be

explained by thermal hysteresis of the lattice distortion and of the

magnetic domain structure due to large magnetoelastjc interactions.

(lil There is a small bump in the specific heat -0.4 K below T , This

bump may originate from some part of the crystal having a different T

than the main part due to a small difference in stoichiometry.
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Of US as a function or reduced

(in) The transition is rounded off at |t| ^ 3 x 10 . This rounding

together with the anomalies described under (i) and (ii) makes it

impossible to determine the critical parameters accurately. It is not

unusual that ferromagnetic crystals give rounded specific heat peaks

at ItI ^ 3 x 10'3.

2.2.3 Linear Magnetic Birefringence of Bb-CoF

(P. Nordblad)

The critical behaviour of the 2d Ising like antiferromagnet Rb coF

has been measured using lineir birefringence (386). (Post Ooctor

fellowship at UCSB Calif., USA). The temperature derivative of the

linear birefringence d(An)/dT is used to measure the magnetic specific

n e a t c_. The analysis of the behaviour of C from measurements of the
"i m

total specific heat C is hampered by a relatively large phonon

contribution. By way of contrast, d(An)/dT is almost entirely magnetic

in origin. A direct comparison between Onsager's exact solution of the

2d Ising model and the experimental data is shown in Fig. 10.

Excellent agreement is found throughout the critical region and to the

lowest temperatures. The departure of experiments from theory well
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above T 1 S attributed to short range-order contributions arising from

partly Heisenberg character of the exchange interaction in Rb CoF

(386) .

250
T(K)

Fi9- 10- d (An ",/dT vs T in Rb coF;. The solid line is the exact
Onsager solution with amplitude adjusted to fit the data.

2.2.4 Stress dependence of the magnetization in non-oriented SiFe

IC. Bengtsson)

This project has been initiated jointly by the Division of Solid State

Physics and by ASEA AB in ' 'der to find methods of calculating the

effect of mechanical stress in magnetoelastic transducers. The aim is

to theoretically describe the magnetization curve of non-oriented SiFe

and how this curve is influenced by mechanical stress. A model based

on minimization of the free energy of the material has been developed

(358,359) and have proved to well reproduce the features of the

magnetization curve as well as its response to stress. In this model,

the interaction between different grains is taken into account by

considering the magnetic stray fields arising at the boundaries.

Mathematically, the problem consists of minimizing a non-linear

function of many variables (12 to 16) under non-linear constraints.

This is numerically a difficult problem, and much effort has been made

to find efficient numerical routines for this purpose. In connection

with this, a certain cooperation with the Numerical Algorithms Group

in Oxford, U.K., has been established.
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2.2.5 Magnetic properties of Goss oriented SiFe (Hi-B)

(C. Bengtsson, guest researcher at Technische universitat Mien, and

H. Pfutzner. T.U. Uien)

Along with the project described in 2.2.*. some new projects has been

initiated this year in cooperation with the Institute fur Grundlagen

und Theorie der Elektrotechnik. Tti Mien, and these are listed below:

- Stray fields and flux closure domains at grain boundaries in Goss

oriented Hi-B sheets. This project is closely related to the one

described in section 2.2.4. To be able to account for the magnetic

anc magnetoelastic properties of SiFe, good knowledge of the

physical conditions at the grain boundaries is essential. However,

little has been reported on the subject in literature. There is thus

strong need for further investigation in this field. The aim with

this work is to establish to what extent flux closure don.ains exist

at the grain boundaries and to correlate this to measurements of the

corresponding local stray fields. This will help to give a better

understanding of the energies built up at the boundaries, and will

provide necessary knowledge for further improvements of the model

described in section 2.2.4.

- Shear and pressure induced domain modifications in SiFe sheets with

stress coating. The aim with this project is to study how more

complex stress distributions, likely to appear in transformer cores,

will affect the domain configurations and thus the local technical

characteristics of the sheets. The different stress distributions

under study are related to specific areas in a transformer core, and

by doing this, the hope is to obtain results of practical value in

the construction of transformers. In connection with this project,

regular contacts are being held with ASEA's transformer division in

Ludvika.
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2.3 ITINERANT ELECTRON MAGNETISM

(L. Nordborg, P. Gustafsson and H. Ohlsen)

2.3.1 Measurements of the cyclotron orbit q factor in platinum and

palladium.

The basic investigations of the Fermi surfaces of platinum and

palladium by means of the dHvA-technique some ten years ago revealed a

pronounced anisotropy of the cyclotron orbit g-factor in these metals.

The development of techniques to carry out spin polarized band

calculations, which are capable of predicting g-factors in transition

metals has resulted in a renewed interest in cyclotron orbit g-

factors. At the same time the availability of high magnetic fields (8-

15 T) has made it possible to perform measurements on harmonics of the

oscillatory part of the magnetization (dHvA-effeet) in transition

metals.

A detailed study of the anisotropy of the cyclotron orbit g-factor

<9 ) of the f-centered sheet in platinum and palladium has been

performed. (32S. 360). see figs 11. 12, 13. We have discovered a

substantial anisotropy of g over large portions of the f-sheet in

both platinum and palladium. Our detailed study has also revealed new

features of the spin splitting zero (SSZ) contours. Whenever the ratio

between the Landau level spacing and the Zeeman splitting (both linear

in 6) are equal to (n * 1/2). where n is an integer, the dHvA

amplitude will vanish. This constitutes the condition for a SSZ in a

specific direction and for all magnetic field strengths. This makes it

possible to measure g . Compared with earlier reported measurements

in the vicinity of [110] the SSZ contours are more complex than

previously reported for both metals. By studying the harmonic content

of the dHvA-oscillations it has also been possible to establish SSZ-

contours for the second harmonic over substantial parts of the f-

sheet, which have not been reported before, see fig 11.
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110

Fjq. 11. Stereographic plot, in the basic 1/*B:th of the Brillouin
zone, of the SSZ contours on the P-sheet in platinum. The coarse solid
lines indicate SSZ's of the fundamental and the dots and crosses
indicate SSZ's of the second harmonic. The weak solid lines are
contours of constant effective cyclotron masses. Earlier reported SSZ
contours are indicated in the SHMII triangle in the upper left corner
of the figure.

Fig. 12. Stereographic plot of the SSZ contours on the C-»heet in
palladium. Measurements of the SSZ's performed in this work are
indicated by dots and those from previous measurements are indicated
by squares. The weak solid lines are contours of constant effective
masses from WKH. The SSZ contours as presented earlier are indicated
in the small triangle in the upper left corner of the figure.
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13- 9C versus 8 extracted from R(B). Since n_ is not known, we
present a set of g -curves with different np.

The a-orbit in both metals has also been studied mainly in agreement

with earlier reported measurements. However. more detailed

descriptions of its properties have been achieved.

We will further investigate these metals with the new magnet system

(12-13 Tesla) now being installed. The increased magnetic field will

drastically improve the possibilities to detect higher harmonics of

the dHvA signals, thus giving much better accuracy in the

determination of the anisotropy of gc_ Indium will also be included

in our measurements.

We think that these measurements will constitute a good basis for

comparison with band structure calculations, aiming at a possible

understanding of coupling between g-factors and the variation of the

character of the wave functions used in band calculations.

2.3.2 Theoretical aspects of the cyclotron orbit a-factor

There have been several calculations of the conduction electron g-

factor in Pt and Pd, both average values and point g-factors, showing

a notable deviation from the free electron value and a high anisotropy

due to spin orbit interaction. A recent high field calculation of the

point g-factor for Hd includes an exchange-correlation potential which

should give g-factors comparable with the Stoner enhanced g-factors
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reported by us. These calculations reveal a clear amsotropy and an

average of the g-factors for the P-sheet well above 5.

We have started to calculate the band structure of Pd by using the

LMTO-method. All parameters for Pd. Pt and Ir to be used in a LMTO

calculation are known and since these metals are all fee structures,

the band structures also for Pt and Ir are easily obtained. With these

band structures it is possible to calculate to what extent the

anisotropy of the g-factor can be explained by spin-orbit interaction

(in first order perturbation theory). Previous calculations show that

the effect of this perturbation is large only at specific points on

the Fermi surface of Pd and this will play an essential role in the

evaluation of g-factors. These theoretical studies will then be

compared with our measurements on the anisotropy of the conduction

electron g-factor in Pd. Pt and Ir.

2.3.3 Dilute magnetic alloys

A few years back extensive studies were performed within the group on

the dilute alloy systems Pt(Fe) and Pt (Ni) and some preliminary

studies of Pd(Ni). These magnetic alloys all exhibit ferromagnetic

exchange interaction and can be studied by means of the de Haas-van

Alphen effect where the phenomena connected with spin splitting zeros

reveal information about the Zeeman splitting of conduction electrons.

The effect of iron impurities in platinum was drastic. The iron

impurities constitute giant moments in the host matrix and these

moments stand for the large part of the susceptibility increase when

iron is added to platinum. But also a significant increase of the

Zeeman splitting of conduction electrons was found, indicating a

further enhancement of *he Stoner itinerant magnetization with iron

content.

The effect of nickel in platinum was found small in the dilute limit.

No change of the itinerant magnetization was detected although a

change could be expected to be comparable to the experimental

resolution.

Nickel in palladium showed a strong effect on the conduction

electrons. We have performed further experiments on Pd(Ni) at a lower

concentration of Ni. Pd (Ni) is a candidate for an essentially



itinerant description of its magnetic properties. The preliminary

analysis of our measurements indicate that this is the case (408).

The new high field magnetic system, now being installed will serve to

improve the possibilities to detect weak dHvA signals in dilute

alloys. This will make it possible to further investigate Pt(Ni) and

Pd(Ni) with greatly improved experimental resolution.

2 3 K Absolute amplitudes in the dHvA-effect

A method to determine the absolute amplitudes of the dHvA-oscillations

wnen two frequencies are simultanously present has been developed. It

is based on an effect of the modulation detection technique. The

amplitude of a detected dHvA-signal will follow a Bessel function

where the Bessel argument contains both the modulation and the static

magnetic field strength. By utilizing a zero of the Bessel function it

is possible to find how the low frequency oscillation affects the

internal fields and thus the Bessel argument of the higher frequency.

By a careful study of the amplitude variation of the higher frequency

close to the zero it is possible to achieve a determination of the

absolute amplitude expressed as a magnetization of the lower frequency

(fig. U ) .

fig. U . From the values of the magnetic field at the three Bessel
zero crossings (the arrows) the absolute amplitude of the low
frequency signal can be determined.



By observing the recorded signal of the low frequency at a known

Bessel argument, a calibration of the sensitivity of the detection

system can be determined. This calibration may then serve to find also

the absolute amplitude of the higher frequency. This can be done as

the ratio between the frequencies is known and consequently the Bessel

argument for the higher frequency is k'.own.

The method has been adopted to the dHvA-frequencies of the a* and the

T-orbit at [100] in platinum (409). The a- and T-orbits in palladium

have also been investigated. Due to strong interactions between these

orbits and the X-pockets it was not possible, however, to make

accurate determinations of the absolute amplitudes by this method.

Further experiments are planned for the noble metals where convenient

couples of frequencies exist.

2.* ELECTRON SPIN RESONANCE

2.4.1 ESR in minerals.

(S. Haraldson, P. Paulin)

A study of Red Corundum (Ruby) has been performed. Corundum, Al o

owes its colour to small amounts of impurity oxides. The red variety

is coloured by different amounts of C r
2 0 _ , typically from 0.04 to

about 2 Z by weight.

Some 30 specimens have been measured. Of these half was natural and

half synthetics. All natural pieces contain F e n in addition to Cr 0

whereas no iron has been found in the synthetics.

The main object of the study is to note and possibly explain the

reason for the varying line widths, from 14 to 120 Gauss, of one

selected chromium line and also to establish any difference between

natural and synthetic crystals The linewidth seems, on the average,

to be larger in the natural than in the synthetic specimens. This

might be due to a spin-spin interaction between the Co3*- and Fe3*-

centres in the natural specimens. If this is the only cause to the

difference needs further investigation.

A small vacuum chamber has been constructed with an outside heating

facility from room temperature to about 500°c.



The device will be used as a,thermoluminescence complement to ESR

studies of minerals, in particular together with the fluorite study

mentioned in the 1982 report.

2 . <>. 2 Oxygen free radicals

(S. Haraldson)

The free radicals 0 and OH' are intermediates in one of the pathways

of oxygen reduction in the respiratory process. It is of great

biological and medical interest, at it may be toxic to biological

tissues. Hence it is important to have a good knowledge of the

appearance and disappearance of this radical. ESR spin-trapping

provides a very good technique for a study of free radicals.

The 0 and OH' radicals are highly reactive and might be very

dangerous to biological cells. To take care of these intermediates

nature has evolved a defense mechanism, in which several enzymes take

part. 0 is, e.g. transformed to H O and 0 by superoxide dismutase

(SOD). H o . is transformed to H O by catalase and peroxidase etc.

Normally, this enzymatic defence balances the formation of the

reactive radicals, but disturbances rright appear. Some authors claim,

that upon a reoxygenation after an oxygen cut off oxygen free radicals

are created in a dangerous concentration.

Since ESR provides a very good means of investigation of free radicals

we were approached by the department of biological physics with a

suggestion of cooperation.

Since the radicals 0^ and OH' are very reactive, they are also rather

short lived in solution and hence it is difficult to obtain the^r ESR

spectra. They can. however, be trapped by the spintrap DMPO (5.5-

dimethyl-1-pyrroline-1-oxide), forming respectively DMP0-00H and DMPO-

OH. It is easy to differentiate between these spectra, see fig. 15a)

0MP0-00H and b) DMP0-0H.
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Fig. 1 o . ESR-speclrum Of a) DMPO-OOH
b) OMPO-OH

With the spin probe CTPO (3-carbamoyl-2.2,3.5-tetramethyl-3-pyrroline-

1-yloxy) it is possible to measure the oxygen concentration and hence

to follow the oxygen consumption m a system.

So far we have mainly studied the Xanthine-Xanthine oxidase system,

which is known to produce cr . raCjicals. If DMPO is added to this

system, a DMPO-OOH spectrum is obtained, intensity first increasing

and later decreasing while a DMPO-OH spectrum comes up. If SOD, which

quenches formation of 0_ s a i s 0 added from the beginning no ESR

spectrum at all is obtained This tells us that the radical OH' is not

created during this process, the OMPO-Oh recorded is just the decay

product of DMPO-OOH.

For living cell studies we have used Chinese hamster ovary cells and

homogenated intestinal cells from r a U . In both cases the cells Showed

good oxygen consumption sf'tr an anaerobic period but no free radicals



were detected. Since rat cells homogenate also quenched the free

radical formation in the Xanthine-Xanthine oxidase system we concluded

that the cells, as in fact all animal cells, contained SOD.

We now have to find suitable inhibitors of SOD for the investigation

of free radical formation in biological cells.

2.5 SOLAR OPTICS

2.5.1 Studies of pyrolvtic films

(W. Estrada. T. Karlsson. A. Roos and C-G. Ribbing)

Thin films of cadmium sulphide (CdS) and tin dioxide (SnO ) have been

produced by pyrolytic spraying. Different spray nozzles and

configurations have been tested. In particular the effects of

different flow patterns have been studied, some differences in

structure, composition and optical propeities resulting from such

variation have been pointed out.

CdS-films were produced by using cadmium chloride (CdCl ) and thiourea

(SCN H ) dissolved in destilled water. At temperature T <_ 350°C the

following chemical reaction takes place:

CdCl2 • SC(NH2>2 • 2H2O •• CdSl + 2NHtClt • CO T

SnO films were produced by spraying an alcohol solution of stannic

chloride, on a glass substrate at temperatures between 200-700°c. The

following chemical reaction takes place:

SnClt • 2H2O •» SnO2l • tHClt

The physical properties of SnO films can be influenced by appropriate

doping. The two most commonly used elements for this purpose are

antimony, which substitutes for tin, and fluorine substituting oxygen.

They both provide an extra electron to the crystal so that SnO

becomes n-doped. The reason why undoped SnO can be IR-reflecting,

i.e. conducting, is that doping occurs from the chlorine in the spray

solution and also intrinsically from oxygen vacancies. The reflectance

and transmittance curves for undoped, antimony doped and fluorine

doped SnO2-fiims of approximately the same thickness and prepared at

the same substrate temperature are shown in fig. 16. The infrared

reflectance increases with doping as can be expected.
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Fig. 16. Transtnittance - (T) and reflectance - (R) spectra for SnOÄ_
films. Dotted line is transmittance of the uncoated

substrate.

a) undoped SnO -films
b) SbCl3-doped SnO -films
c) Sb2o3-doped SnO.-films
d) NH^F-doped SnO -films.

The dopant concentration affects the density of charge carriers, which

in turn affects the plasma frequency. The abrupt changes in the

reflectance and transmittance curves, which occur around A - 2 pm, are

described by the Drude formalism when applied to the gas of conduction

electrons. It is interesting to note that all films have an absorption

peak in this wavelength region, experimentally obtained as 1-R-T. The

absorption curves versus wavelength for different undoped and doped

SnO^-fiims are shown in fig. 17. It is seen that the peak shifts,

depending on the dopant concentration of the film.
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Fig. 17.
Spectral dependence of
absorptance A=1-R-T, as
determined from spectra
for our SnO2-fiims

dopants as indicated.

In a separate project the temperature dependence of the fundamental

absorption edge of the pyrolytic CdS-films was studied in the region

20-300 K. The transmission was measured over the absorption edge 450-

650 ntn at reduced temperatures in the Oxford CF-100 flow cryostat. In

fig. 18 the transmittance spectra for three temperatures are shown as

examples.

100

k

FIQ. 16
The transmittance of a 0.31 urn
thick CdS-film on glass at the
temperatures indicated.

500 ¥Q
WAVEIENOTH (nm)

(b )
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The absorption function ot(hv.T) was calculated from the transmittance-

values corrected for reflectance-losses. From plots of (ahv)* w s nv

the direct energy gap was obtained by extrapolation as a function of

temperature. The result is shown in fig. 19.

Fig. 19.
The energy dependence of the
fundamental energy gap in
pyrolytic CdS film?.

100 200 300

The room-temperature value: 2.42 eV agrees with published values for

hexagonal single crystals CdS and the slope of the points above 100 K

in fig. 19: -4.8 x ID"1 ev/K is close to a corresponding study of

evaporated CdS. This agreement i somewhat surprising considering the

impurity content in our pyrolytic films.

2.5.2 Selective transmission of thin TiN films

(t. Valkonen, B. Karlsson, T. Karlsson and C-G. Ribbing)

The solar selective properties of thin titanium nitride films 5-120 nm

thick have been studied. High quality TiN films were made on fused

silica and glass substrates by reactive sputtering of titanium in a

nitrogen atmosphere at IFM, Linköping. Two deposition techniques were

used: rf sputtering and dc planar magnetion sputtering. Auger Electron

Spectroscopy analysis showed that the films were stochiometric and

very pure with only minor traces of oxygen and/or carbon

contamination.

The specular reflectance and transmittance at near-normal incidence,

and and
o — o'
polarized light,

transmittance at 45

TP

and 60 incidence using p-

£, and Tg., of the samples were measured over a

wavelength range extending from 0.2 to 3.6 urn with the Beckman UV 5240

spectrophotometer. In the infrared region, 2.5 to 15 urn, the specular



I
reflectance was obtained by the Perkin Elmer 157 spectrophotometer. In

fig. 20 the R J R U S Tsol-diagram. relevant for energy conserving

windows, are given for the TiN films produced both by rf and dc planar

magnetron sputtering. We have also included the curves for thermally

evaporated

Fig. ZD. Integrated reflectance
radiation from a blackbody at
K versus the integrated

solar radiation for
(• magnetron; A rf; —

for
293
transmitted
TiN-films.
calculated from optical constants
for opaque **ilms ), a-.̂

experimental values for gold
and nickel (-•- ).

(...)

gold and nickel films and a calculated curve obtained by using bulk

optical constants for opaque titanium nitride films. It should be

observed that the calculated Revalues are based on Kramers-Kronig

inversion values and are therefore somewhat uncertain. The good

agreement between the calculated RJR and the present, thickest films

adds some reliability to the calculated curve.

The discrepancy between the calculated curve and the thinner

experimental TiN films is due to the reduction of the R -values
1 K

presumably caused by defects in the film. Sputtered titanium nitride

are still competitive, especially when high transmission is wanted.

The optical constants, n and k, and the thickness of the sputtered

films, d, were determined by an iteration method, developed by Nestell

and Christy.

In the computer-routine two or thn- measured values are used as input

values and in an iterative (Newton-Raphson) procedure the complex

optical constant and the thickness of the film are calculated. The

program can be run in two modes:

1J "o1 To a n d T60 1T45 f o r s m a 1 1 sample») are used as input

values and n, k and d are the resulting values.

2) The film thickness, d, obtained in mode 1) is fixed and R and

TQ are input values and n and k will be calculated.
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In practice, the thickness of the sputtered TiN films were determined

for a number of wavelengths in the 550 800 nm range (mode 1). The

estimated error in d was _•. 1 nm -for most of the samples. In fig- 21

the optical constants, n and k. versus film thickness are given at X =

600 um for the rf and magnetron sputtered titanium nitride films. The

n- and k values for opaque TiN films are also included.

20 £0
THICKNESS (nm)

60

fIQ. 21. Optical constants versus thickness at A = 600 nm for semi-
transparent reactively sputters titanium nitride films. The optical
constants for opaque films on Ti1- are included in the diagram,
n-value: A rf-sputtered. • magm'ron-sputtered;
k-value: A rf-sputtered . o rnagn» :ion-sputtered.

2.5.3 Transmission of window-coatings \'•- oblique incidence

(A Roos, E. Valkonen and C-G. Pjbbmg)

In a practical situation the incidence for solar light on windows is

seldom normal - a typical angle is around t5°. For this reason we have

measured the variation of visible and solar transmission with angle of

incidence 0 -60°, for several different coatings on glass.

The measurements must be performed separately for s- and p-polanzed

light. The averaged value T = 1/2(TS • T P ) IS the relevant measure for

transmission of unpolanzed light. The light-beam in a

spectrophotometer is partly polarized and the state of polarization

changes with wavelength. For an accurate determination of transmission

at oblique incidence it is furthermore necessary to compensate for

parallax from the glass-substrate. In our measurements such

compensation was made with an identical substrate m the sample-beam,

rotated the same angle but in the opposite direction.
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In fig. 22 some spectral results are shown for a sample of 4 mm

floatglass coated with doped SnO
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Fig. 22 Transmittance of a coated (• averbell) floatglass for three
different angles of incidence. T; ; 60° incidence the s- and p-
components are shown separately.

The spectral results were integrated in the usual way to give the

total weighted transmission of visible light and solar energy as a

function of angle of incidence. As expected from elementary theory the

effects are neglible for 9 < 40°, hut it is interesting to observe

that different types of coatings cause different angular dependence to

occur. In fig. 23 transmission values vs angle of incidence are shown

for four different coatings.

Fig. 23
The variation of T and T

sol eve
with angle of incidence for
Sample 1: Quadruple layer with

Cu on ; mm floatglass
(Pilkington)

Sample 3: As figure 22

Sample 6: 13 nm evaporated gold-
film on 1 mm glass

Sample 9: 11 nm of TiN sputtered
onto 1 mm glass

30 60 90
ANGLE OF INCIDENCE (*)
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The angular dependence is larger for semiconductor type films than for

thin metallic or sandwiched metallic films.

Simple model calculations for a free' dielectric film bring out most of

the qualitative features in the experimental results, e.g. the damping

of interference structure for p-polanzed light with increasing B

shown in fig. 22. In contrast, the interference-structure is amplified

for s-polarized light. The simple calculations also show a shift of

the interference structure for increasing angle. as observed

experimentally.

2.5.4 Oxidation methods for stainless steel absorbers

(T. Karlsson, E. Valkonen. B. Karlsson)

Selectively absorbing surfaces have been prepared on ferritic

stainless steel (ELI-T from Nyby Uddeholm Corp.) by thermal oxidation

and four wet. chemical oxidations. The chemical methods include

oxidation in. a dichromate melt, a commercial chemical solution

(Ebonol SS-48), a sulphuric-acid/chromic acid solution (chemical

colouring), and finally the former bath followed by a cathodic

hardening in chromic acid.

The optical properties of the samples were determined by spectral

reflectance measurements, and in Fig. 24 the relevant parameters for

selective absorption, a^^ v s e ^ for the surfaces are depicted.

100
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D •
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• Thermally

• Sodium dichromot»

• Ebonol SS-48

• Coloured

o Coloured »hardened

20 30 m 40
•373 rw

Fig. 24
The integrated solar absorp-
tance versus thermal emittance
at 373 K for all samples,
oxidized as indicated.



Inwestigations of the structure and chemical composition of the

surface oxide were performed by X-ray diffraction, ESCA and AES. These

analyses showed that all methods, except the Ebonol treatment, mainly

produced Cr_0 in the surface. The Ebonol surface consisted of fe-|0,

and a comparison with theoretical optical calculations indicates that

this tandem, in contrast to others can be considered as an energy-gap

controlled absorber.

Heat treatment of the surfaces confirmed a rule of thumb that the

higher oxidation temperature used in the process, the better

temperature stability. The surfaces have been exposed to accelerated

and natural ageing, and no degradation was detected by optical and

surface analysis.

It can be summarized, that the thermally oxidized stainless steel is

excellent for high working temperature, solar collectors, while the

chemically coloured stainless steel preferably should be used for

lower working temperatures.

2.5.5 Thermal oxidation of steel films

(T. Jarstad. T. Karlsson and C-G. Ribbing)

This project is a further step in the investigations made earlier of

some separate oxides and a steel base, for the understanding of a

tandem absorber prepared from oxidized stainless steel. A homogenous

thin film close to the natural oxide on stainless steel was produced

on fused silica by RF sputtering of a ferritic steel, followed by

thermal oxidation at about 700°c.

The reflectance and transmittance for oxidized as well as unoxidized

films of different thicknesses were measured between 0.35 and 15 urn.

The unoxidized films were found to have a weight ratio between Cr and

Fe close to that of the original 'el. This characterization was done

by Auger spectroscopy and by X-ray emission spectroscopy.

The oxide was found to be crystalline, but not a simple one like

Fe3°4> Cr2°3' o r n c t e v e n a m i K t u r e o f these, but probably a

omplicated mixed

done by X-ray diffraction.

rather complicated mixed oxide Fe Cr O . The structure examination was
x y z
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Fig. 25
Reflectance for steel oxide
films on fused silica, with
sputtering time as parameter.
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2.5.6 Copper oxide on stainless steel

(A. Roos, T. Karlsson and C-G. Ribbing)

The calculated reflectance curv^- for Cu n and CuO on copper show that

this tandem is not suitable as an interference controlled absorber

tandem. This is basically due to the high reflectivity of copper. If

copper is replaced by stainless steel, the resulting calculated curves

have deeper interference minima and the solar absorption becomes

considerably higher. This, together with the fact that the copper

oxide/stainless steel tandem u n be expected to have high thermal

stability, make this tandem interesting to investigate.

The tandems were produced by sputtering copper onto a sputtered

stainless steel film and glass or by electrochemical deposition of

copper onto a stainless steel plate. This was followed by oxidation of

the copper film in an oven which produced the desired copper oxide

film. The reflectance versus wavelength curves for the sputtered films

are shown in fig. 26. where all four curves are for the same sample at

different stages. In fig. 27 experimental reflectance curves are

compared with calculated ones and it can be seen that the agreement is

excellent.

It has been verified both experimentally and theoretically that the

solar absorption has a maximum for an oxide thickness around 50 nm.

Electroplated films tend to give higher absorption values which

probably is due to the surface roughness. The chemical composition of

the films has been verified by X-ray diffraction and Auger Electron

Spectroscopy. It is readily shown that

CuO at ~ 350°c oxidation temperature.

is produced at - 170°C and
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Fig. 26

Reflectance vs wavelength
for sputtered films of
stainless steel on glass,
copper on stainless steel
and this copper film
oxidized to Cu n and CuO.
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Fig. 27
Comparison between experi-
mental and calculated
values of the reflectance
for copper oxide on stain-
less steel.
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The thermal stability of the CuO/ss and Cu^/ss tandems was tested by

annealing at 170°c for two days. As expected the optical properties

did not change for the CuO/SS surface but the Cu o film was further

oxidized to CuO.

In fig. 26 it is demonstrated how the absorption can be increased by

an antireflective coating of MgF2 On top of the copper oxide. Again

the agreement between the calculated curves and the experimental ones

is excellent.
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Fig. 28. The experimental
reflectance spectrum for
CuO/SS compared with that
of the antireflected
tandem. Points are
calculated values for the
two cases.

2.5.7 Interface between copper oxides jnd metal

(A. Boos. S-E. Hörnström and A. Kamf)

The study of oxidized copper has been carried out in cooperation with

Linköping University and Granges Metallverken in Västerås. Thermally

and chemically oxidized copper have been compared and different copper

qualities, pre- and post-treatments have been tried. It has been found

that mechanical brushing prior to oxidation improves the absorption

and post-treatment in ammonium dichromate improves the stability of

the surface.

Thermal oxidation of the copper surface yields a tandem for which the

reflectance versus wavelength curve agrees with that of a calculated

curve for the same tandem. This is not the case for a chemically

oxidized surface, for which the absorption in the near infrared is

much higher. This is illustrated in fig. 29.

We have explained this as due to the morphology of the interface

between the oxide layer arid the base metal. Auger electron-

spectroscopy and SEM micrographs together with optical reflectance

measurements show that there exists a layer with a mixture of oxide

and metal between the base metal and pure oxide. This layer is clearly

responsible for the increased absorption of the chemically oxidized

surface while for the thermally oxidized surface the layer is too thin

to be of any significance.
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Fig. 29.
Reflectance vs wavelength
for copper oxide on copper
I) calculated curve for

for 175 nm Cu o on Cu
II) thermally oxidized

surface
III) chemically oxidized

surface
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When a chemically oxidized copper surface is annealed at a temperature

around the stagnation temperature of a flat plate solar absorber

(•» 130-150°C) a further oxidation takes place and the optical

properties of the surface changes. This is illustrated in fig. 30

where the reflectance vs wavelength curves are shown for different

copper surfaces. It is seen that the reflectance increases in the near

infrared after annealing. Our conclusion is that the rough interface

between oxide and metal is destroyed at elevated temperatures. This is

depicted in fig. 31. where the reflectance vs wavelength is shown for

the three surfaces in fig. 30 but with the oxide layer removed. It is

interesting to note that if the oxidized copper surface is annealed in

vacuum, the optical properties change in the same way as when it is

annealed in air. This shows that the changes within the interface

layer are due to a redistribution of copper and oxygen within this

layer, and not dependent on oxygen from the atmosphere.

Fig. 30
Reflectance vs wavelength for
copper oxide surfaces.
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Fig. 31
Reflectance vs wavelength for
the same surfaces as in fig.
30. with the oxide layers
removed.

2.5.8 Concentrating solar collector for district heating

(Arne Roos)

In an external project supported by the Swedish Council for Building

Research, the performance of a Suntec concentrating solar collector is

studied. The unit has been acquired by the municipal company UKAB. and

is connected to the city district heating system. The ratio of

direct/diffuse sunlight will be determined as well ai the efficiency

of the collector during long periods of insolation.
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3. I N S T R U M E N T A T I O N

Important experimental facilities are listed. Improvements are

commented upon.

3.1 SUSCEPTIBILITY AND TORSION MEASUREMENTS

SQUID (Superconducting Quantum Interference Device) magnetometer.

Sensitivity 2 x 10~12 Am2 in magnetic moment. Applied field by

superconducting magnet, max 0.15 T. Temperature range (.2-300 K.

Vibrating sample magnetometer (VSM). Sensitivity 5 x 10~ Am in

magnetic moment. Applied field by electromagnet, max 1 T. Temperature

range 2-300-1100 K.

Torque maaentometer for magnetic anisotropy measurements. Sensitivity

10 Nm. Applied field by electromagnet, max 1 T. Temperature range

3-400 K.

3.2 RESISTIVITY AND THERMAL EXPANSION

Resistance Bridge. AC bridge for resistance measurements with four

probe technique in the temperature range 4.2-300 K.

Dilatometer. Electromagnetic detection of position with a sensitivity

of 0.4 X. Temperature range 4.2-300 K.

3.3 MAGNETIC RESONANCE

Varian V 4502 ESR X-band spectrometer with two variable temperature

accessories 100-370 K and 300-800 K respectively and a liquid helium

cryostat. High accuracy magnetic field measurements with an AEG proton

resonance fluxmeter.

Microwave generators in the range 3-6 GHz with stxipline resonators.



3.t DEHAA5-VAN ALPHEN EFFECT

The dHvA effect is studied by the field modulation technique in fields,

of max 8.5 T supplied by a superconducting magnet. Field homogeneity

0.01 1 over 12 mm. bore 25 mm. The magnet can be tilted O.5 decree;,.

thus allowing for in sity correction of sample orientation.

Temperatures down to 0.5 K obtained by a 3He s y E t e m T n e instrument is

connected to the data acquisition system for direct on-line data

analysis.

3.5 THIN FILM ANO OPTICAL EQUIPMENT

UHV-evaporator is run jointly with the Electronics department. It is

equipped with high current thermal evaporation electrodes, a Vanan 2

kW electron gun and quartz-crystal film thickness monitor.

Evaporation unit. Conventional, oil-diffusion pumped

Edwards 306 with quartz crystal 'ilm thickness monitor.

evaporator

Spectrophotometer. A Beckman 52;0 UV-, VIS- and IR-spectrophotometer

for the wavelength rtgion 0.2 3.0 urn. It is equipped with an

integrating sphere, so the total, diffuse reflectance and

transmittance for 0.35-2.5 urn can be measured.

Nicol polarizers and a variable angle attachment have been aquired so

that specular reflectance-measurements with polarized light up to an

angle of incidence of 60° can be performed.

Perkin-Elmer 157 IR spectrophotometer for 3-15 um has been borrowed

from the Department of Organic Chemistry.

Calorimetric Emittance Meter. The emittance meter which determines the

total hemispherical emittance of a sample has been equipped with an

automatic control system. A digital Pi-regulator makes it possible to

reach thermal equilibrium at the desired temperature much faster than

with manual operation (368).

3.6 LOW TEMPERATURE CRYOSTAT

Dilution crvostat for specific heat and magnetization measurements

Min. temp - 20 mK.



3.7 HIGH FIELD HÄGNETS

Superconducting magnet ST. Field homogeneity 0.01 I over 12 mm. bore

25 mm. Equipped with a 3He system for min 500 mK for DHVA-effect.

Superconducting magnet 13 T. With financial support from Knut and

Alice Wallenberg Foundation a new m.ignet has been delivered in July

1983.

3.8 DATA ACQUISITION SYSTEM

The data acquisition system is based on Zilog Z-80 microprocessors and

connected to a Nord-100 minicomputer. The microprocessors are

interfaced to various experimental setups such as the dHvA and torsion

magnetometers. Oata from the experiments are read into the

microcomputer and then transferred to a minicomputer where they are

analyzed or stored on a disc file. An A/D-O/A converter is also

included in the system allowing analog signals to be analyzed and

results from the experiments to be directly presented on a XY-

recorder. The acquisition system is presented in fig. 34.

A new HP-plotter (model 7220C) together with a graphical terminal is

connected to the system. The plotter is operated under Fortran

software control and a subroutine packet is available which allows the

user to plot coordinate axes and write text together with the

experimental results. Different plot characters and line types can be

used, and figures of acceptable quality for publication can thus be

obtained.
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4 . E D U C A T I O N A L A C T I V I T Y

4 . 1 UNDERGRADUATE COURSES

The department has the main responsibility for the undergraduate

training of engineering students in Solid State Physics. Courses:

4.3 Solid State Physics, basic course

14.1 Solid State Physics, advanced course (materials science)

14.2 Solid State Physics, advanced course (electrical science)

Proiect work in thermodynamics (Part of course 4.16)

Eight projects were presented in the annual report 1980: Kinetic

theory, Blackbody radiation. Fuel cell, Negative absolute temperature.

Helium. Superconductivity, Adiabatic demagnetization. Thermoelectric

effects. Two additional projects were presented in the last report:

Solar receiver tube. The Joule Kelvin effect.

4.2 DIPLOMA WORK, SCHOOL OF ENGINEERING

Thomas Eriksson: "En studie av fasgång och dämpning hos en

sekundarbelagd optisk fiber".

iUPTEC 82 24 E, March 1982)

Allan Hedin: "High resolution x-ray diffraction studies of a

retinol binding protein".

(UPTEC 63 06 E, Jan 1983)

Stefan Johansson: "A model of tranformation kinetics".

(UPTEC 62 115 E. Oct 1982)

Johan Åavist: "An X-ray diffraction study of a retinol binding

protein".

(UPTEC 83 02 E, Jan 1983)

Johan Östbero: "Emissionsfaktormätning med värmekamera".

(UPTEC 62 69 E, July 1982)

Erik Österlund: "Elektriska och magnetiska egenskaper hos

magnetglaset Fe p g »

(UPTEC 62 130 E, Dec 1982)
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4.3 GRADUATE COURSES

"Optical properties - solar optics". 5 credits

(C-G. Ribbing). 6 participants.

"Low temperature technique", 3-5 credits

(L. Lundgren). 6 participants.

4.4 AWARDED DEGREES

Doctoral dissertation

Hay 20. 1983. Arne Roos:

"Optical selectivity of some metal oxides for

solar energy applications" (400)

Faculty examiner: Dr. Ronald Howson. Loughborough University, England

Exam, committee: Prof. Olof Beckman
Doc. Sören Berg
Doc. Sture Hogmark
Dr. Lars Mattsson
Doc. C-G. Ribbing

4.5 GUEST SCIENTIST

Robert True. Dr. (Polish Academy of Sciences, Wroclaw, Poland)

May 15 - June 20.

Specific heat of ferromagnetic actinide compounds.

See section 2.2.2.

Members of the International Seminar in Physics:

Walter Estrada. MSc. Universidad Nacional de Ingenieria,

Lima, Peru.

Optical and structural studies of pyrolytic CdS

and SnO2. see section 2.5.1.

Sinna Nadar Ramasamv. PhD. University of Madras.

General magnetic measurements. Properties of

amorphous ferromagnets. See section 2.1.2.



4.6 SEMINARS

1982, Sept 9. Civ.ing. Larz Iqnberg. ASCA: "Metoder för
ref lektansdämpnmg på glas" .

Sept 16. TeknD Per Nordblad: "Antiferromagnetic phase-
transitions studied by linear birefringence".

Sept 23. Civ.ing. Jonte Bernhard: "Kan supraledning och
ferromagnetism kompromissa''"

Sept 30, Doc. Leif Lundgren and civ.mg. Peter Gustafsson
"Report from Magnetism Conference in Kyoto, ICM 82".

Oct 7, TeknP Per Nordblad: "Antiferromagnetic phase-
transitions studied by linear birefringence, II."

Oct 14. Doc. Stig HaralcKon: "Syre - ett livsnödvändigt
gift?"

Oct 28. Prof. A.J. van Duvneveldt. Leiden: "AC suscepti-
bility of classical spin glasses".

Nov 4. Or. S. Ramasamv: "Solid State Physics at the
Department of Nuclear Physics. University of Madras'

Nov 11, FM Jan-Erik Berg. Biometeoroloqiska fältstatio-
nen. Svardsio: "Atmospheric electromagnetic
fields and biological reactions".

Nov 18, Civ.ing. Marianne Sward. RIFA: "Why gallium-

arsenide in electronic devices?"

Nov 25, Dr. David Betts, Univ. of Sussex: "Is 3He

superfluid?"

Dec 8, poc. C-G. Ribbing: "Optical selectivity of
transition metal nitrides and carbides".

Dec 9. Teknoloq Erik Österlund: "Magnetization and
Crystallization in Amorphous Metals".

Dec 16, Doc. Carl Nohre. ESCA. Fvsikum: "An introduction
to silicon inversion layers".

1983, Jan 20, Prof. Hermann Grimmeiss. Rifa: "Vad kan fasta
tillstindsfysikern göra i industrin?"

Jan 27, Civ.ing. Jonte Bernhard: "Neutron diffraction
(part I) - a general introduction".

Feb 10, Prof. A.R. Mackintosh. Oersted Inst. Köpenhamn:
"Neutron Scattering and Magnetism".

Feb 17, Civ.inq. Jonte Bernhard: "Neutron diffraction
(part II) - magnetic scattering".

Feb 24, Prof. Olof Beckman: "The Quantum Hall Effect".
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Haren 3. Dr. Olle Källbäck. Fasta tillst. fysik. KTH:
"Resistance Measurements on critical phenomena
in Ni, Fi and Oy.*

March 10. Civ.ing. Jonte Bernhard: "Hexagonal FeGe:

Neutron, diffraction studies of low temperature
magnetic ordering".

March 17. Civ.ing. Arne Roos: "Optical Selectivity of
copper oxide on copper".

April 25. Or. P.P. Belanger. Brookhaven National Lab.:
"Critical behaviour of Diluted Antiferromagnets*.

April 28. TeknD Per Nordblad: "Fasomvandlingar i magnetiska
system". (Doc-förelasning).

May 5. TeknD Biörn Karlsson. Statens vattenfallsverk.
Älvkarleby: "Bandst:uktur och selektiv trans-
mission, en studie av fria elektroner".
(Ooc-föreläsning) .

May 19, Prof. Ron Howson. Luughborough. Technical
University. England: "Energy-conserving
windows - a case for large volume sputtering".

May 20. Civ.ing. Arne Roos (Disputation): "Optical
selectivity of some metal oxides for solar
energy applications".

May 26, Dr. Bente Lebech. Forségsanläq Rise. Danmark:
"The magnetic structure of Nd-metal, a single "q*
multi "q" modulated structure?"
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5. E X T E R N A L A C T I V I T Y

5.1 CONFERENCES

Claes Bengtsson participated in the 3rd Joint MMM-Intermag.

Conf.. Montreal. Canada. 20-23 July 1982. Study visits at

Magnet Lab. MIT. Cambridge and NBS. Washington. USA.

24-28 July 1982.

Poster papers:
'Field and stress dependence of the magnetization in a ferro-
magnetic polycrystalline material of cubic structure" (359)

Leif Lundgren and Reter Gustafsson participated in the

International Conference on Magnetism, ICM 82, in Kyoto.

Japan. Sept 6-10. 1982.

Oral presentation:

'Measurements of the conduction electron g-factor in

platinum' (370)

Poster papers:
"Anomalous time dependence of the susceptibility in a CulMn)
spin glass" (369)
"Critical behaviour of induced linear berefringence in
isotropic antiferromagnets" (371)

Per Nordblad. Lars Nordbora. Hikan onlsen and Peter Svedlindft

participated in the General Conference of EPS Condensed Matter

Division, Lausanne, Switzerland, March 28-30, 1983.

Potter papers-,
"Itinerant electron magnetism in palladium and platinum" |U1)
"Critical behaviour of the specific heat of magnetic
crystals" (412)
"Relaxation effects in RKKY spin glasses" (413)

Arne Roos and C-G. Ribbing particpated in the SPIE 1983 Technical

Conference, Geneva, April IB 22, 1983.

Oral papers:
"Selective absorption of copper oxide on stainless steel" (390)
"Selective transmission of thin TiN-films" (391)



5.2 INTERNATIONAL SCHOOLS

Per Nordblad and Peter Svedlindh participated in the NATO

Advanced Study Institute on Multicritical Phenomena. Geilo.

Norway. April 10-21. 1983.

"Time effects of the field cooled magnetization of a Au(Fe)
spin glass" (385)

C-G. Ribbing lectured during the International School on Materials

Science and Solar Energy, Kairo and Alexandria, Harch 19-31.

1983:

"Introduction to Solar Selective Coatings" (393)

Jonte Bernhard participated in EPS International School on

Magnetic Phase Transitions. Erice. Italy, July 1-15, 1983.

5.3 OTHER

Thommv Karlsson participated in a study tour to Almeria, Spain,

April 22-24. 1983 to visit the IEA plants for small scale solar

energy studies.

Tomas Jarstad. Thommv Karlsson. Arne Roos and C-G. Ribbing

visited KYG, ASEA. Västerås on June 20th. 1983. Arne Roos

gave a seminar: 'Optical selectivity of oxidized copper".

Jonte Bernhard visited Rise National Laboratory, Roskilde,

Denmark, Oct 19 - Nov 10, 1982, for neutron diffraction

studies on FeGe. (See section 2.2.1)

Stia Haraldson visited Medical College of Wisconsin, Milwaukee,

USA, June 28 - July 28 1982, tu study the use of spin traps and

spin labels for investigation of oxygen free radicals in

biochemical and biological samples.

Claes Bengtsson visits, since April 1983: Institut fur

Grundlagen und Theorie der Electrotechnik, Techn. Univ., Mien

for studies of Magnetoelastic properties of iron-silicon alloys.



6. E C O N O M I C S U P P O R T

Source Year Principal Amount

Investigator SEK

Uppsala University

Research (DKA)

Grad. stud.

82/83

82/83

0. Beckman 76.000

8.800

NFR (Swedish Natural Science Research Council)

F-FU 2102-107 (Salaries, mtrl) 82/83 0. Beckman 395.100

Wallenberg Foundation

13 T magnet 81/83 0. Beckman 900.000

BFR (Swedish Council for Building Research)

79077S (Salaries, mtrl)

821669 (Salaries, mtrl)

830098 (Salaries)

80/82 C-G Ribbing 334.000

83/86 C-G Ribbing 963.000

83/84 C-G Ribbing 66.200

STU (Swedish Board for Technical Development)

80-5604 (Salaries, mtrl)

82-4379 (Salaries, mtrl)

81/83

82/84

C-G Ribbing

C-G Ribbing

184.000

150.450
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P U B L I C A T I O N S

7.1 PUBLISHED PAPERS

262 P. Wennerström. A. Törn». T. Lindqvist
Heat capacity of submonolayers of He adsorbed on thick films
if neon.
Physica Scripta 25. 939 (19B2)

341 B. Karlsson, c.C. Ribbing
Optical constants and spectral selectivity of stainless steel
and its oxides.
J. Appl. Pnys 53:9. 6340 (1962)

355 L. Lundgren, P. Svedlindh. 0. Beckman
Low field susceptibility measurements on a Au(Fe) spin glass.
Journal of Physics F 12. 2663-73 (1982)

359 C. Bengtsson. S. Hörnfeldt
Field and stress dependence of the magnetization in a
ferromagnetic polycrystalline material of cubic structure.
Journal of Applied Physics 53. 8311-13 (1982)

360 P. Gustafsson. H. Ohlsen. S. Hörnfeldt. L. Nordborg
Measurements of the conduction electron Zeeman splitting in
platinum.
Solid State Comm. 45. 395-96 (1983)

367 B. Karlsson. R.p. Shimshock, B.O. Seraphin. J.C. Haygarth
Optical properties of CVD-coated UN. ZrN and HfN.
Solar Energy Materials 7. 401-11 (1983)

369 L. Lundgren, p. Svedlindh, 0. Beckman
Anomalous time dependence of the susceptibility en a Cu(Hn) spin
glass
J. Magn. Magn. Mater. 31-34, 1349-50 (1983)

370 P. Gustafsson, H. Ohlsen. S. Hörnfeldt, L. Nordborg
Measurements of the conduction electron g-factor in platinum.
J. Magn. Magn. Mater. 31-3* 537-8 (1983)

371 P. Nordblad. D.P. Belanger. A.R. King. V. Jaccarino.
H.J. Guggenheim
Critical behaviour of induced linear birefringence in isotropic
antiferromagnets.
J. Magn. Magn. Mater. 31-34. 1093-4 (1982)

372 O.P. Belanger. P. Nordblad, A.R. King, V. Jaccarino. L. Lundgren,
0. Beckman
Critical behaviour in anisotropic antiferromagnets
J. Magn. Magn. Mater. 31-34. 1095-6 (1962)
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302 K.V. Rao, H. Fihnle. E. Figueroa. 0. Beckman. L. Hedman
Deviations from Curie-Weiss behavior in spin-glasses.
Phys. Rev. B 27. 3104-0? (1983)

383 P. Wennerström. A. Törne. T. Lindqvist
Heat capacity of submonola>ers of He adsorbed on thick films
of neon.
»hysica Scripta 25. 939-94. (1982)

386 P. Nordblad. O.P. Belanger. A.R. King, V. Jaccarino, H. Ikeda
Critical behavior of two-dimensional Rb coF. as observed by
linear birefringence.
Phys. Rev. B 28. 278-280 (1983)

396 L. Lundgren. P. Nordblad, P. Svedlindh. 0. Beckman
Dynamics of the relaxation time spectrum in a Cu(Mn) spin glass.
Phys. Rev. Letters. 51. 911-9U (1983)

397 A. Roos. T. Chibuye. B. Karlsson
Properties of oxidized copper surfaces for solar applications I.
(UPT. No 350)
Solar energy materials 7. 453-85 (1983)

398 A. Roos. B. Karlsson
Properties of oxidized copper surfaces for solar applications II.
(UPT, No 354)
Solar energy materials 7. 467-80 (1983)

400 A. Roos
Optical selectivity of some metal oxides for solar energy
applications.
Thesis Acta Univ. Ups. 67B (1963)

7.2 CONFERENCE PAPERS

385 P. Nordblad, P. Svedlindh. L. Lundgren, 0. Beckman
Time effects of the field cooled magnetization of a Au(Fe) spin
glass.
Nato Adv. Study Inst.. Geilo, Norway, April 10-21. (1983)

390 A. Roos, T. Karlsson, C-6. Ribbing
Selective absorption of copper oxide on stainless steel.
Ace. Proc. SPIE. &M 'New optical materials" (1982)

391 E. Valkonen, T. Karlsson, 8. Karlsson, 8.0. Johansson
Selective transmission of thin TiN-films.
Ace. Proc. SPIE, ILL (1982)
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393 C-6. Ribbing
Introduction to solar selective coating». Lecture note». Int.
School on Material Science and Solar Energy Cairo i Alexandria
March 27 - April 1. 1983
UPTEC S3 17 K (1983)

394 B. Lebech. J. Bernhard. O. Beckman
The low temperature Magnetic structure of hexagonal FeGe.
Danish Phys. Soc. Spring Meeting. Nyborg Strand (1983)

411 1. Nordborg. H. Ohl»en. P. Gustafsson
Itinerant electron magnetism in palladium and platinum
General Conf EPS CMD. Lausanne. Switzerland. March 28-30. 1983

412 P. Nordblad. L. Lundgren. O. Beckman
Critical behaviour of the specific heat of magnetic crystals
General Conf EPS CHD. Lausanne. Switzerland. March 28-30. 1983

413 L. Lundgren. P. Svedlindh. 0. Beckman
Relaxation effects in RKKY spin glasses
General Conf EPS CHD. Lausanne. Switzerland. March 28-30. 1983

7.3 INTERNAL REPORTS AND MANUSCRIPTS

381 C. Bengtsson
Domänstrukturer i SiFe plit.
UPTEC (1982)

387 P. Nordblad. L. Lundgren, 0. Beckman
Magnetic cluster effectrs in F«Si. Ge .
In manuscript.

388 P. Nordblad. L. Lundgren
High temperature oven for vibrating sample magnetometers.
In manuscript.

389 L. Lundgren, P. Nordblad, 0. Beckman
The correlation between transition temperature and lattice
parameters in Fe p.
In manuscript.

392 T. Karlsson, A. Roos, E. Valkonen
Selektivitet och aldringsbestindighet hos mSlade aluminiumplåtar.
UPTEC 82 126 R (1982)

395 L. Nordborg, H. Ohlsen, p. Gustafsson
Itinerant electron magnetism in palladium and platinum
UPTEC 83 (1983)



399 A. Root
Determination of total heaisperical eaittance of absorber
aurfaces.
UPTEC 83 2? R (19*3)

401 A. Roos. B. Westerstrandh. S.E. Hörnström. S-E. Karlsson. A. Kampf
Optical properties and surface composition of oxidized copper for
solar absorbers.
UPTEC 63 26 R 11913)

402 A. Roos. S.E. Hörnstro»
Influence of annealing on the optical properties of oxidized
copper for solar absorbers.
UPTEC 83 29 R (1983)

403 T. Karlsson. A. Roos
Optical properties and spectral selectivity of copper oxide on
stainless steel.
UPTEC 63 30 R (1983)

404 A. Roos, E. Valkonen, C-6. Ribbing
Heasurements of transmittance at oblique incidence for tone heat
mirror systems.
UPTEC 83 31 R (1963)

405 T. Karlsson, A. Roos, C-6. Ribbing
Influence of spray conditions and dopants on highly conducting tin
dioxide films.
UPTEC 63 32 R (1963)

406 S. Ramasamy, 1. Lundgren
Crystallization and magnetic behaviour of Fe u %

amorphous ferromagnets.
UPTEC 83 42 R (1963)

406 H. Ohlsen. P. Gustafsson, L. Nordborg, S.P. Homfeldt
Heasurements of the conduction electron g-factor in palladium
UPTEC 63 62 R (1963)

409 1. Nordborg, P. Gustafsson, H. Ohlsen, S.P. Hornfeldt
Absolute amplitudes in the de Haas-van Alphen effect
In manuscript.


