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PART l

A REVIEW OF THE SCIENTIFIC ACTIVITIES IN 1989
at the International Centre for Theoretical Physics,

Trieste, Italy

GENERAL

The main fields of research and training-for-research at the Centre in 1989 were:
(a) Fundamental physics (high energy and particle physics, cosmology and

astrophysics);
(b) Condensed matter, atomic and molecular physics (condensed matter and related,

atomic and molecular physics, materials science);
(c) Mathematics (applicable mathematics, analysis, differential geometry, ergodic

theory, theoretical fluid mechanics);
(d) Physics and energy (nuclear physics, plasma physics, non-conventional energy);
(e) Physics and environment (soil physics, environmental radioactivity, physics of

the atmosphere);
(f) Physics of the space (microgravity);
(g) Applied physics and high technology (microprocessors, communications, lasers,

computational physics, telematics, remote sensing, instrumentation) and
(h) Science, high technology and development.

The ICTP celebrated its 25th anniversary on 31 October 1989 with an academic ceremony
with the Prime Minister of Italy, Mr. Giulio Andreotti, as the guest of honour, followed by a
Symposium on "Frontiers in physics, high technology and mathematics", attended by 138
participants.

Some 4100 scientists took part in the activities of the Centre and in the Programme for
training at Italian laboratories, staying for a total of almost 4800 person/months. Sixty-two
percent of them were from developing countries, accounting for 84% of the total person/months.
Associate Members from developing countries numbered 170, and 644 of them were researchers
from federated institutes in developing countries.

As in previous years, the implementation of the programme has been made possible
through the generous financial contribution from the Government of Italy which amounts to about
US$ 15,000,000 (US$ 6,670,000 as the ordinary contribution and US$ 8,420,000 from the
Direzione Generate per la Cooperazione allo Sviluppo, these in support of some activities at the
ICTP itself, of the Training Programme in Italian Laboratories and of the External Activities).
The contributions of the International Atomic Energy Agency and of UNESCO amounted to
US$1,261,000 and US$ 329,600, respectively.

The Centre also acknowledges with gratitude contributions from the United Nations
University, UNU (US$ 315,000), Swedish Agency for Research Cooperation with Developing
Countries, SAREC (US$ 203,000), the Kuwait Arab Fund (US$ 150,000), Kuwait Foundation for
the Advancement of Science (US$ 41,000), the Government of Japan (US$ 39,000), the Italian
Istituto Nazionale di Fisica Nucleare (US$ 36,000), the Royal Society, UK (US$ 30,000), Kuwait
(US$ 22,000) as well as others from Instituto de Matemâtica Pura e Aplicada, Brazil
(US$16,000), the American Physical Society, USA (US$ 10,000), Comision Interministerial
Ciencia y Tecnologfa, Spain (US$ 10,000), the Islamic Republic of Iran (US$ 6,700) and the
University of Qatar (US$ 3,000).

FUNDAMENTAL PHYSICS

Research in high-energy physics was carried out throughout the year with the
participation of 103 physicists from developing countries out of a total of 181. A two-week
school and workshop on superstrings held in April was attended by 61 physicists from developing
countries, out of a total of 198. One hundred and fifty-five physicists from developing
countries, out of a total of 246, took part in the Summer School in High-Energy Physics and
Cosmology (June-August). Two one-week conferences — one on recent developments in



conformai field theories and one on supermembranes and physics in 2+1 dimensions — were held
in July and October respectively with, in all, 100 participants (26 from developing countries).

CONDENSED MATTER, ATOMIC AND MOLECULAR PHYSICS

Research was conducted throughout the year with 62 physicists from developing countries
out of a total of 85. The year started with the four-day Fourth International Workshop on
Computational Condensed Matter Physics on "Total Energy and Force Methods" with the
participation of 20 scientists from developing countries out of a total of 118. A college on
atomic and molecular physics (Photon Assisted Collisions in Atoms and Molecules) followed in
February, lasted three weeks and was attended by 62 physicists from developing countries out
of a total of 86. A two-week experimental workshop on high temperature superconductors took
place in April with the participation of 77 scientists from developing countries out of a total of
96. This workshop was followed by a conference on oxygen disorder effects in high T0

superconductors attended by 47 scientists from developing countries out of a total of 75. In
May, there were two two-week working parties — one on modelling thermomechanical behaviour
of materials and one on fracture physics — in which 52 scientists from developing countries out
of 69 took part. The theme of the six-week Spring College on Materials Science, held in April-
May, was "Ceramics and Composite Materials". It was attended by 110 physicists from
developing countries out of a total of 138. The Research Workshop in Condensed Matter, Atomic
and Molecular Physics (mid June-September) also included a workshop on strongly correlated
electron systems, a symposium on highlights on condensed matter physics and a working party
on condensed matter properties of neutron stars. In total, 438 scientists took part in this
programme out of which 303 were from developing countries.

MATHEMATICS

Research in mathematics was carried out throughout the year with the participation of 73
scientists from developing countries out of a total of 85. A three-week workshop on theoretical
fluid mechanics was held in January with the participation of 62 scientists from developing
countries out of a total of 85. Two topical meetings — one on hyperbolic geometry and ergodic
theory and one on variational problems in analysis which took place in April and September
respectively— were attended by 100 mathematicians from developing countries out of a total of
177. A college on differential geometry held in November and attended by 110 scientists from
developing countries out of a total of 180 was the last high-level course on mathematics in 1989.

PHYSICS AND ENERGY

A five-day workshop, the fourth in this series, on perspectives in nuclear physics at
intermediate energies, was held in May and was attended by 33 participants from developing
countries out of a total of 124. A four-week college on plasma physics followed, with the
participation of 106 physicists from developing countries out of a total of 172. In September,
two workshops — one on materials science and physics of non-conventional energy sources and
one on the interaction between physics and architecture in environment conscious design — of a
total duration of three weeks, attracted 192 participants from developing countries out of a total
of 251. Some research was also carried out in plasma physics by 11 physicists from developing
countries.

PHYSICS AND ENVIRONMENT

A two-week workshop on radon monitoring in radioprotection, environmental radioactivity
and earth sciences was held in April. Sixty-three scientists from developing countries out of a
total of 97 took part in it.

In October and December respectively, the Centre held a three-week college on soil



physics and a three-week workshop on atmospheric radiation and cloud physics which altogether
welcomed 126 scientists from developing countries out of a total of 179.

APPLIED PHYSICS AND HIGH TECHNOLOGY

The High-Temperature Superconductivity Laboratory started its activity in Spring with 12
scientists from developing countries out of a total of 16. Fifteen physicists from developing
countries out of a total of 16 have worked in the Microprocessors Laboratory. A three-week
college on microprocessors — the fifth of its kind — was held in October and was attended by 100
participants from developing countries out of a total of 114. It was followed by a four-week
course on telematics in November with 85 scientists from developing countries out of a total of
92 and the four-week ICTP-INFN course in basic VLSI design techniques which took place in
December with an audience of 36 participants from developing countries out of a total of 47.

Two closely-related courses — one on basic telecommunications science and one on
theoretical and experimental radiopropagation physics — of a total duration of six weeks — were
held in January-February with a total participation of 143 physicists from developing countries
out of a total of 173. They were followed by a course on remote sensing techniques with
applications to agriculture, water and weather resources. Out of a total of 101, 76 scientists
from developing countries took part in it. The two-week ICFA School on Instrumentation in
Elementary Particle Physics held in June was attended by 40 experimentalists from developing
countries out of a total of 102.

PHYSICS OF THE SPACE

One activity was held in this field — the Workshop on "Materials in Microgravity", which
was attended by 73 scientists (32 from developing countries).

ANNIVERSARY ADRIATICO RESEARCH CONFERENCES

In 1989, the series of the Anniversary Adriatico Research Conferences included short
meetings on: interface between quantum field theory and condensed matter physics;
quasicrystals; strongly correlated electron systems; and computations in physics and physics in
computation. One hundred and thirty-eight scientists from developing countries, out of a total of
305, took part.

SCIENCE, HIGH TECHNOLOGY AND DEVELOPMENT

As in the past, a number of the experts and leading scientists taking part in the activities
at the Centre lectured on physics and its relevance to development. In all, 43 lectures were
given in 1989.

TRAINING AT ITALIAN LABORATORIES

One hundred and seventy scientists from developing countries carried out research at
Italian academic and industrial laboratories under a programme which started in 1982 with the
financial support of the Italian Direzione Generale per la Cooperazione allo Sviluppo (Ministry for
Foreign Affairs, Rome, Italy).

EXTERNAL ACTIVITIES

In the field of training for physics and mathematics teachers, the Centre sponsored 133
courses, workshops and symposia in 38 countries. Ten fellowships for visiting scholars to 8



countries were granted. These programmes were financed by the Italian Direzione Generale per
la Cooperazione allo Sviluppo (Ministry for Foreign Affairs, Rome, Italy).

MEETINGS HOSTED BY THE CENTRE

The Centre hosted 19 meetings. Nine of them were organized by the Third World Academy
of Sciences. Other organizing institutions were the Italian National Institute of Nuclear Physics,
the International Centre for Genetic Engineering and Biotechnology, the International School for
Advanced Studies and the Trieste Research Area.

BOOKS AND EQUIPMENT DONATION PROGRAMME

During 1989, the Centre was able to distribute 13184 journals, 4062 proceedings, 6119
books and 8289 publications to more than 700 institutions in 100 developing countries. Besides
the donations directly distributed by the Centre, about 100 donations of complete sets of back-
issues of journals have been shipped directly by the donors to about 60 institutions in 40
developing countries.

Hundreds of pieces of equipment from CERN were sent to institutions in the following
countries: Colombia, P.R. China, Iran, Jordan and Pakistan. The Centre received a generous
offer of approximately 43 items of surplus equipment from Dr. Iftikhar Ahmad in London. They
were sent to 13 universities in the following countries: Bangladesh, Colombia, Egypt, Iraq,
Jamaica, Nigeria, Pakistan, Peru, Tanzania and Uganda.

AWARDS

Michael B. Green from Queen Mary College, London, UK, and John H. Schwarz from the
California Institute of Technology, Pasadena, USA, were the recipients of the 1989 Dirac Medals
of the International Centre for Theoretical Physics, "for their basic contributions to the
development of superstring theory. Most significant was their discovery that chiral gauge
anomalies are absent for a class of ten dimensional superstring theories".

The 1989 ICTP Prize in honour of Hideki Yukawa was awarded to Dr. Ashoke Sen from the
Tata Institute of Fundamental Research, Bombay, India, "for his contributions to string theory,
and in particular for the application of the sigma model approach to the heterotic string theory".

PREPRINTS AND INTERNAL REPORTS

In 1989, 432 preprints and internal reports were issued.



STATISTICAL DIGEST

Summary of participation
in the research and training-for-research activities

at the ICTP in 1989
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The following tables deal with all activities combined, therefore they show the actual
number of visitors, i.e. those scientists who participated in more than one activity are counted
only once.

Summary of participation
1989 vs. 1988

Visitors

Dev. Ind.

1989 2532 1568

1988 2220 1894

Increase/
Decrease +14.05% -20.79%

Person/months

Dev. Ind.

4057.84 761.57

3729.47 867.18

+8.80% -13.87%

Total

Visitors M/M

4100 4819.41

4114 4596.65

Percentage
(Dev. vs. total)
Visitors M/M

61.76%

53.96%

84.20%

81.13%

-0.34% +4.85%

The above figures for 1989 include:

Training in Italian laboratories
170 - 1116.66 170 1116.66 100.00% 100.00%

The above figures for 1988 include:

Training in Italian laboratories
170 - 1093.76 170 1093.76 100.00% 100.00%

Participation by geographical areas
in the research and training-for-research activities

of the ICTP in 1989

Geographical Areas Visi tors
Dev. Ind.

Person/months

Person/months
Dev. Ind.

Total for Area
Visitors

Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations

489
1137
446

1 1
102
347

-

-
45

1166
9

282
-

66

790.96
2068.45

436.84
9.85

201.26
550.48

-

-
54.55

544.42
4.24

135.36
-

23.00

489
1182
1612

20
384
347

66

790.96
2123.00

981.26
14.09

336.62
550.48

23.00

TOTAL 2532 1568 4057.84 761.57

% Developing vs. Total

4 1 0 0 4 8 1 9 . 4 1

6 1 . 7 6 % 84 .20%



Breakdown of the number of scientists
who worked at the ICTP in 1989

and of person/months by scientific fields

Other tables show that the total number of scientists who came to the ICTP is 4100 while
the total number of person/months is 4819.41. In the tables which follow the number of
scientists will be higher since several of them took part in more than one activity.

Table I shows a summary of the breakdown while Table III shows the details. Percentages
refer to the total participation in the field vs. the grand total.

Table I
Summarized breakdown by fields of activity

A c t i v i t y Number of Visitors
Dev. Ind. Total %

Number of Person/months
Dev. Ind. Total %

1.
2.
3.
4.
5.
7.
9.

10.
11.

Fundamental Physics
Condensed Matter
Mathematics
Physics & Energy
Physics & Envir.
Applied Physics
Physics of the Space
Adriatico Conferences
Other research

385
733
345
342
189
507

32
138
300

478
372
182
217
87

154
41

167
62

863
1105
527
559
276
661

73
305
362

17.61
22.55

10.75
11.41
5.63

13.49
1.49
6.22

7.39

503.
809.
459.
216.
110,
538,

21.
31.

250,

.08

.64

.00

.34
,66
,73
,47
,31
.95

327.09
127.42

94.98
53.10
28.37
77.09
10.39
28.69
14.44

830.17
937.06
553,
269,
139.
615.

31.
60

265,

.98

.44

.03

.82

.86

.00

.39

17.23

19.44

11.49

5.59

2.88

12.78

0.66

1.24

5.51

TOTAL 2971 1760 4731 96.54 2941.18 761.57 3702.75 76.82

Outside activities

Italian laboratories 170 170 3.47 1116.66 1116.66 23.17

GRAND TOTAL 3 1 4 1 1760 4 9 0 1 4 0 5 7 . 8 4 7 6 1 . 5 7 4 8 1 9 . 4 1

Hosted activities

1. Scientific Council E.U.G VI.
2. Meeting of ISCSS.
3. Third World Network of Scientific Organizations.
4. INFN School on advanced Studies in Nuclear and Subnuclear Physics.
5. Womens' Study Group.
6. Workshop/Symposium on "Molecular Genetics of Lower Eukaryotes"
7. Bouchet Council Meeting.
8. Trieste Encounters on Congnitive Science.
9. Meeting on Marketing Strategies.

1 0. SARF (Arab Friends Society) General Meeting.
11. Meeting on "Fundamentals of Quantum Mechanics".
1 2. International School of Philosophy of Science.
1 3. I Meeting of the International Commission on Food for Peace.



14. TWAS Council Meeting.
1 5. Meeting of TWOWS (Third World Organization for Women in Science) Committee.
16. TWNSO (Third World Network of Scientific Organizations) Executive Board Meeting.
1 7. Workshop for Policy Makers on Environment and Development.
18. International Conference on Desert Environment.
19. INFN School on VLSI Design.

In addition, the Centre supported 133 regional courses, workshops and conferences in all
regions of the world.

Table II shows a statistical summary of the activities at the ICTP itself and outside its
premises.

Table II
Statistical summary of all activities

held at and outside the ICTP

Figures on research include long- and short-term scientists as well as Associate Members,
some scientists from Federated Institutes and seminar lecturers.

A c t i v i t y Number of Visitors
Dev. Ind. Total

Number of Person/months
Dev. Ind. Total

1 . At the ICTP:
(a) Research:

Fundamental Physics
Condensed Matter
Mathematics
Plasma Physics
Microprocessors Lab
High Tc Superc. Lab
Other

Total

% Total vs. Grand Total

(b) Training for research
Total

% Total vs. Grand Total

2 . Outside activities
Italian laboratories

% Total vs. Grand Total

103
62
73
1 1
15
12

219

495

10.01%

(courses,
2476

50.52%

,

170

78
23
12

1
1
4

53

172

3.51%

workshops
1588

32.40%

-

181
85
85
12
16
16

272

667 1

13.61%

and conferences)
4064 1

82.92%

170 1

3.47%

276.02
163.10
242.15

15.26
100.76

31.37
239.62

068.28

22.17%

872.90

38.86%

116.66

177.18
5.50
8.61
0.26
0.10

14.14
13.63

219.42

4.55%

542.15

11.25%

-

453.20
168.60
250.76

15.52
100.86

45.51
253.25

1287.70

26.72%

2415.04

50.11%

1116.66

23.17%

GRAND TOTAL 3 1 4 1 1 7 6 0 4 9 0 1 4 0 5 7 . 8 4 7 6 1 . 5 7 4 8 1 9 . 4 1

8



Table III

Participation in the research and training-for-research activities
at the ICTP In 1989

A c t i v i t y Dates Number of Visitors
Dev. Ind. Total

Number of Person/months
Dev. Ind. Total

Fundamental Physics
Research in fundamental physics and astrophysics
Spring school and workshop on superstrings
Summer school in high energy physics and cosmology
Trieste Conference on supermembranes and physics

in 2+1 dimensions
Trieste Conference on Recent developments

in conformai field theories
25th Anniversary Conference on "Frontiers in physics,

high technology and mathematics

TOTAL
% vs. Grand Total

Condensed Matter, Atomic and Molecular Physics
Research in condensed matter physics
Fourth international workshop on computational

condensed matter physics: "Total energy and force methods"
College on atomic and molecular physics: Photon assisted collisions

in atoms and molecules
Experimental workshop on high temperature superconductors
Spring college in materials science on "Ceramics and

composite materials"
Conference on oxygen disorder effects in high Tc superconductors
Working party on modelling thermomechanical behaviour

of materials
Working party on fracture physics

Subtotal

all year
3-14 Apr
26 Jun - 18 Aug

17 - 21 Jul

2 - 4 Oct

31 Oct - 3 Nov

all year

4 - 6 Jan

30 Jan - 24 Feb
30 Mar - 14 Apr

17 Apr - 26 May
18 - 21 Apr

29 May - 16 Jun
29 May - 16 Jun

103
61

155

9

17

40

385

62

20

62
77

110
47

26
26

4 3 0

78
137
91

43

31

98

4 7 8

23

98

24
19

28
28

4
13

237

181
198
246

52

48

138

8 6 3
17.61

85

118

86
96

138
75

30
39

6 6 7

276.02
24.94

186.90

2.23

2.32

10.67

503.08

163.10

3.34

53.08
63.74

152.82
8.80

17.10
14.65

476 .63

177.18
51.90
62.42

11.32

4.96

19.31

327.09

5.50

12.90

7.45
8.80

13.93
4.69

1.71
4.51

59.49

453.20
76.84

249.32

13.55

7.28

29.98

830.17
17.23

168.60

16.24

60.53
72.54

166.75
13.49

18.81
19.16

536.12



contd.
Ac t i v i t y Dates Number of visitors

Dev. Ind. Total
Number of Person/months

Dev. Ind. Total

molecular physics
International symposium on highlights in condensed matter physics
Adriatico working party on condensed matter properties

of neutron stars

TOTAL
% vs. Grand Total

Mathematics
Research in mathematics
Workshop on theoretical fluid mechanics and applications
Topical meeting on hyperbolic geometry and ergodic theory
Topical meeting on variational problems in analysis
College on differential geometry

TOTAL
% vs. Grand Total

Physics and Energy
Research in Plasma Physics
Fourth workshop on perspectives in nuclear physics

at intermediate energies
Spring college on plasma physics
Workshop on materials science and physics

of non-conventional energy sources
Workshop on interaction between physics and architecture

in environment conscious design

TOTAL
% vs. Grand Total

1 9 Jun - 29 Sept
1 - 3 Aug

1 1 - 29 Sept

all year
9 - 27 Jan
17 - 28 Apr
28 Aug - 8 Sept
30 Oct - 1 Dec

all year

8 - 12 May
15 May - 9 Jun

1 1 - 29 Sept

25 - 29 Sept

257
7

16

733

73
62
50
50

110

3 4 5

11

33
106

163

29

3 4 2

53
21

15

372

12
23
37
40
70

1 82

1

91
66

42

17

217

310
28

31

1 105
22.55

85
85
87
90

180

527
10.75

12

124
172

205

46

5 5 9
11.41

308.22
1.02

9.42

809.64

242.15
42.93
23.27
32.31

118.34

459.00

15.26

9.75
87.08

99.76

4.49

216.34

37.68
2.50

7.12

127.42

8.61
7.13

13.31
12.37
53.56

94.98

0.26

18.85
20.59

10.71

2.69

53.10

345.90
3.52

16.54

937.06
19.44

250.76
50.06
36.58
44.68

171.90

553.98
11.49

15.52

28.60
107.67

110.47

7.18

269 .44
5.59



contd.
A c t i v i t y

Physics and Environment
Workshop on radon monitoring in radioprotection,

Dates Number of visitors
Dev. Ind. Total

Number of Person/months
Dev. Ind. Total

environmental radioactivity and earth sciences
College on soil physics
Third Autumn workshop on atmospheric radiation and cloud physics

TOTAL
% vs. Grand Total

Applied Physics and High Technology
Microprocessors laboratory
High Temperature Superconductivity Experimental laboratory
Course on basic telecommunications science
College on theoretical and experimental radiopropagation physics
Workshop on remote sensing techniques with applications

to agriculture, water and weather resources
Second ICFA school on instrumentation

in elementary particle physics
Fifth college on microprocessors: Technology

and applications in physics
Second workshop on telematics
ICTP-INFN Course in basic VLSI design techniques

TOTAL
% vs. Grand Total

Physics of the Space
Workshop on space physics: Materials in microgravity

TOTAL
% vs. Grand Total

3 - 14 Apr
9 - 27 Oct
27 Nov - 15 Dec

all year
Apr - Dec
9 Jan - 3 Feb
6 - 24 Feb

27 Feb - 21 Mar

12 - 23 Jun

2 - 27 Oct
6 - 24 Nov
6 Nov - 1 Dec

27 Feb - 17 Mar

63
70
56

189

15
12
74
69

76

40

100
85
36

507

32

3 2

34
29
24

87

1
4

11
19

25

62

14
7

1 1

1 54

41

4 1

97
99
80

2 7 6
5.63

16
16
85
88

101

102

114
92
47

661
13.49

73

73
1.49

28.33
48.33
34.00

110.66

100.76
31.37
74.96
56.73

61.65

19.02

99.01
62.21
33.02

538.73

21.47

21.47

8.78
11.41
8.18

28.37

0.10
14.14
2.83
4.82

12.00

25.25

8.63
1.26
8.06

77.09

10.39

10.39

37.11
59.74
42.18

139.03
2.88

100.86
45.51
77.79
61.55

73.65

44.27

107.64
63.47
41.08

615.82
12.78

31.86

31.86
0.66



l\5 contd.
Ac t i v i t y

Anniversary Adriatico Research Conferences
Interface between quantum field theory

and condensed matter physics
Quasicrystals
Strongly correlated electron systems
Computations in physics and physics in computation

TOTAL
% vs. Grand Total

Miscellaneous
Miscellaneous research
Science, high technology and development

(Another 26 scientists participating in other ICTP programmes
Meeting on training and research at Italian laboratories

TOTAL
% vs. Grand Total

Outside activities
Training and research at Italian laboratories

TOTAL
% vs. Grand Total

Dates

20
4 -
18
5 -

all
all

-23 Jun
7 Jul
- 21 Jul
9 Sept

year
year

Number of
Dev. Ind.

27
24
34
53

1 38

215
4

40
39
51
37

1 67

47
6

visitors
Total

67
63
85
90

305
6.22

262
10

Number of Person/months
Dev. Ind. Total

4
5
6

14

31

238
1

.82

.33

.25

.91

.31

.14

.48

6
6
7
7

28

12
1

.86

.69

.67

.47

.69

.12

.51

11
12
13
22

60
1

250
2

.68

.02

.92

.38

.00

.24

.26

.99
gave also lectures)

3 -

all

4 Mar

year

81

300

170

1 70

9

6 2

-

.

90

3 6 2
7.39

170

170
3.47

11

250

1116

1116

.33

.95

.66

.66

0

14

-

«

.81

.44

12

265
5

1116

1116
23.

.14

.39

.51

.66

.66
17

GRAND TOTAL 3141 1760 4901 4057.84 761.57 4819.41
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PART II

FUNDAMENTAL PHYSICS

Title: RESEARCH IN HIGH ENERGY PHYSICS, FUNDAMENTAL THEORY AND ASTROPHYSICS

Dates: Throughout the year.

Organizers: This research programme was organized by the Director of the Centre,
Professor Abdus Salam, and the resident physicists Drs. K.S. Narain, S. Randjbar-Daemi, E.
Sezgin and J. Strathdee.

Purpose: To contribute to the advancement of physics at an international standard
through individual and team research, stimulate interaction between physicists from developing
and industrialized nations, and create genuine research conditions that will encourage Associate
Members and visitors from Federated Institutes in their work after their return home.

Seminars: Celestial images: the history of astronomical charts. Sigma models with
purely Wess-Zumino-Witten actions. On the zero mass of the graviton - A Dirac-Hamiltonian
analysis. N=4 supersymmetric Yang-Mills theory off shell. Geometry of supergravity versus
geometry of superstrings. Yukawa couplings for three-generation Gepner model. Analytic
description of matter effects in solar neutrino oscillations (M.S.W. effect). The effects of new
gauge bosons from Eg grand unified theories at e+e~, pp-colliders. Topological susceptibility and
cooling on a lattice. Renormalization of topological quantum field theory. Effective actions for
gauge theories with Chern-Simons term. Area-preserving diffeomorphisms, membranes and
higher-spin algebras. Topological charge on a lattice. Non-renormalization theorems for non-
perturbative effects in SUSY gauge theories. New infinite-dimensional superalgebras with central
extension. Renormalization of string partition function. String amplitudes on effectively closed
surfaces. On the ultraviolet behaviour of the Wess-Zumino model and supersymmetric quantum
electrodynamics. On the spin structure of the pomeron. The Kamiokande solar neutrino
experiment. Mapping conformai field theories into 3-dimensional gauge theories. Topological field
theories. Higher-spin fields in 2+1 dimensional conformai gravity. Quantization of non-critical
strings. The irreducible superfield road to off-shell 10-D supergravity. Away from criticality:
S-matrix approach. On strong renormalization scheme dependence of perturbative predictions in
QCD and standard model. Multiloop calculations in P-adic string theory and Bruhat-Tits trees.
Cosmic superstrings. Neutron stars. Application of extended N=4 supersymmetry to the grand
unification problems. Continuous Sugawara-like realization of C=1 conformai models. The
importance of being super-canonical, -gauged, and -chiral to be relativistic, discrete and
stringy. Grand unification in four complex dimensions. Knot theory and quantum gravity.
Geometry and quantization of topological gauge theories.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
8

54
24

-
3

14
-

1 03

Industrialized
-

1 1
51

1
9
-
6

7 8

TOTAL
8

65
75

1
12
14

6
1 81
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Title: SPRING SCHOOL AND WORKSHOP ON SUPERSTRINGS

Dates: 3 -14 April 1989.

Organizers: Professors M. Green (Queen Mary College, London, UK), R. lengo
(International School for Advanced Studies ISAS-SISSA, Trieste, Italy), A.M. Polyakov (Landau
Institute of Theoretical Physics, Moscow, USSR), S. Randjbar-Daemi (Iran/ICTP), A. Strominger
(University of California, Santa Barbara, USA) and E. Sezgin (Turkey/ICTP).

Purpose: To cover several aspects of superstring theories including the more recent
developments so that the participants can acquire crucial concepts and associated techniques.

Programme: Topics: Conformai field theories.
Higher loop computations.
String compactifications.
Baby universe.
Beyond string perturbation theory.

Lectures: School: Strings and conformai field theories. Baby universes. BRST coordinate
invariant path integral measure and conformai properties in two dimensions. Conformai field
theories. Spacetime supersymmetry in string theories. Covariant quantization of Green-Schwarz
superstring. Chiral rings and N=2 superconformai theories. Two loop computations in superstring
and quantum gravity. Supergravity/superstring. Sigma-models and renormalization of string
loops. Superstrings, super-Grassmannians and superconformai manifolds. Topics in superstring
theory. Introduction to rational conformai field theory. N=2 string theory. Duality and canonical
transformations in conformai field theory. Physics and mathematics at the frontier. String
theory at high energies.

Workshop: Classical and quantum gravity from strings. An approach to constructing
rational conformai field theories. 2-dimensional approach to string field theory. Yukawa couplings
in scalar field theories. 2-dimensional conformai gravity & supergravity SL(2,R) algebra and
extension. A general action for topological quantum field theories. Construction of massless
closed string states in open string field theory. Wess-Zumino-Witten-Novikov model as a theory
of free fields. Extended algebras and modular invariant partition functions. Superstrings with
spontaneously broken supersymmetry and their effective theories. Perturbing induced gravity in
1+1 dimensions. BRST quantization and renormalization of topological quantum field theories.
Minimal conformai field theories at and away from criticality and Toda field theories. Correlation
functions for minimal models on the torus. Strings in an expanding universe. Geometry and
topology of the moduli space of Calabi-Yau manifolds. Covariant quantization of Green-Schwarz
Superstrings. Conformai field theory of twisted vertex operators. Tachyons, topology changing
of defining polynomials and renormalization group flows in N=2 superconformai models.
Background field equations for the heterotic string at non-zero temperature. Extensions of
conformai symmetry: unitary representations and the BRST construction. Review of KN bases
and applications. 4-dimensional heterotic superstrings from 13 dimensions. Operator formalism
on higher genus Riemann surfaces. B-function as a gradient in coupling constant space:
consequences, limitations, applications to string effective actions. A c theorem in 4-dimensions.
Null spinning strings. Continuum Lie algebras and associated non-linear dynamical systems. An
attempt of p-adic one-loop computation in open strings. World-sheet versus space-time
symmetries in 4-dimensional superstrings. On the quantization of the Abelian Chern-Simons
theory. Higher spin symmetries and higher spin gauge theories. Effective actions via string field
theory. Geometry of quantum loops and knot theory. Simple approach to BRST.
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Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developinq
5

17
29

-
3
7
-

6 1

Industrialized
-

1 1
94

1
24

-
7

137

TOTAL
5

28
123

1
27

7
7

1 98

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

28
170
40

1
260

Title: SUMMER SCHOOL IN HIGH ENERGY PHYSICS AND COSMOLOGY

including Workshop on superstrings (12 - 14 July 1989) and
Workshop on phenomenology in high energy physics and cosmology (16-18 August
1989).

Dates: 26 June - 18 August 1989.

Organizers: Professors G. Ellis (International School for Advanced Studies, ISAS-SISSA,
Trieste, Italy), J.C. Pati (University of Maryland, College Park, USA), S. Randjbar-Daemi
(Iran/ICTP, Trieste, Italy), E. Sezgin (Turkey/ICTP, Trieste, Italy) and Q. Shafi (University of
Delaware, Newark, USA), in collaboration with the International School for Advanced Studies
(ISAS-SISSA, Trieste, Italy) and the Italian Institute for Nuclear Physics (INFN, Rome, Italy).

Purpose: To provide an informal environment for presenting topics of current interest in
particle physics including superstrings, unified theories and cosmology.

Programme: Topics: Conformai field theories.
Compactification.
Vertex operators and string amplitudes.
Other new developments in string theories.
The standard model and beyond.
Low energy supersymmetry.
Key issues in flavour physics - fermion masses, mixing and
CP.
Non-perturbative aspects of SUSY QCD.
Superstring phenomenology.
Issues in cosmology - hot big bang model, inflation,
baryogenesis, dark matter.

Lectures: Part I: Introduction to strings and conformai field theory. Multi-loop
amplitudes in superstring theory. Coulomb gas approach to rational conformai field theories.
String theory and 2-dim. quantum gravity. Landau-Ginzburg approach to N=2 superconformai
field theory. Conformai field theory. N=2 string theory.

Part It: Physics of the early universe. Perturbative QCD. Probing the standard electroweak
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model. Inflation. Lattice QCD. Superphysics. QCD with dynamical quarks. To grand unification and
beyond. Flavour physics. Scalar particle searches. Towards a unification of mass scales. Gauge
theories and integrable models. Triviality and Higgs mass bound: a status report. Inflation and
quantum cosmology. Interacting higher-spin actions from strings. Cosmological constant.
Highlights of GR12. The surface tension in hadron nucleation and other first order phase
transitions. Stellar structure, evolution and the solar neutrino problem (SNP). Microwave
background radiation and large scale structure of the universe. WIMPs and the SNP. Current
status of the strong CP problem. Three generation superstring models. Conformai field theory in
the upper half plane. WIMPs and the solar pulsation problem (SPP). WIMPs in other stars:
predictions and observations. 4-dim. superstring models. Application of conformai field theory to
string field theory.

Workshop on superstrings: Fundamental length scale in string theory. The quartic effective
action of the heterotic string and supersymmetry. Heterotic superstrings vacua based on non-
compact current algebras. Topology of singularities and phase diagram on N=2 superconformai
field theories. Contour integral representation of characters and supercharacters in rational
conformai field theories. Real weight B-C systems and conformai field theory in higher genus.
Massless and massive spinning superparticles. Duality and quantum groups. Minimal model in
higher genus. Fusion and braiding in W-algebra extended and coset conformai theories. Deforming
the Veneziano model ("q-strings"). The role of 2-dim. quantum gravity in string theory. General
SU(2) coset models and products of Virasoro models. BRS - invariance in unusual settings.
Anomalies of the heterotic sigma models in a curved (1,0) superspace. Topological aspects of
Calabi-Yau compactifications. Landau-Ginzburg Hamiltonians, expansions and N=2 superconformai
models. Hidden symmetries in string theories. Non-perturbative aspects and exact results for
N=2 Landau-Ginzburg theories. Integrating out Kaluza-Klein modes in string compactifications.
Quantization of dynamical systems in curved phase space. Quantization of general gauge theories
in curved phase space. Uq[sl(2)] invariant operators and minimal theories fusion matrices.

Workshop on phenomenology in high energy physics and cosmology: Experimental status of
heavy flavour physics. Proton spin. The status on CP violation. Physics from the Mark II Detector
and the SLC. Overview of three generation Calabi-Yau models. Strings at high temperature. The
cosmological constant with or without wormholes. A natural connection between the origin of
inflation and the hierarchy in mass-scales. Physics at LEP. 4-dim. superstring models. Physics at
the Fermilab Tevatron collider.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
16
75
46

1
5

12
.

1 55

Industrialized
-
4

49
1

27
.

10
9 1

TOTAL
16
79
95

2
32
12
1 0

2 4 6

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

46
200

47
2

367
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Title: TRIESTE CONFERENCE ON SUPERMEMBRANES AND PHYSICS IN 2+1 DIMENSIONS

Dates: 17 - 21 July 1989.

Organizers: Professors M. Duff (Texas A&M University, USA), C. Pope (Texas A&M
University, USA) and E. Sezgin (Turkey/ICTP, Trieste, Italy).

Purpose: To cover various aspects of physics in 2+1 dimensions, especially (super)
membrane theories, and to provide a platform for a discussion of the up-to-date status of the
field.

Programme: Topics: Physics in 2+1 dimensions.
Eleven dimensional supermembranes.
Quantization and spectrum.
Volume-preserving diffeomorphisms and infinite-
dimensional algebras.
Singletons.
Higher extended objects.

Lectures: Membranes, extended objects and infinite-component wave equations.
Supermembranes: a review. Towards a conformai field theory for higher spins. Infinite
dimensional membrane symmetries that generalize the conformai symmetry of the string.
Evolution equation of strings and membranes. Singleton and doubleton supermultiplets of
spacetime supergroups and infinite spin superalgebras. Worldvolume supersymmetry from
spacetime supersymmetry. Braiding matrices, modular transformations and topological field
theory in 2+1 dimensions. New symmetries in 2+1 dimensions. Quantum topologically massive
gravity. Topology and 3-dimensional field theories. Area-preserving algebras and membrane
topology. Geometry and topology of 3-manifolds. Non-Abelian Chern-Simons theory, conformai
field theory and knot polynomials. Covariant canonical quantization of superparticles. The light
cone gauge. 2+1 topological terms, anyons and their possible physical application in high Tc

superconductivity. The supermembrane mass spectrum. New directions in supermembranes.
Strings from membranes: the origin of conformai invariance. New spacetime superalgebras and
their Kac-Moody extension. Consistent dynamics of higher spin gauge fields. Comments on
integrability in 2+1. The large N limit of extended conformai symmetries. Area-preserving
diffeomorphisms and supermembrane Lorentz invariance. The E9 current of d=2, N=16
supergravity. Super Yang-Mills quantum mechanics and supermembrane spectrum.
Trigonometrical structure constant for the classical Lie algebras and the vacuum states SU(<*>)
Yang-Mills theory. On the covariant quantization of gauge theories including supermembranes.
BRST quantization of the Green-Schwarz superstring. Chern-Simons supergravity. Chern-Simon
theories of symplectic super-diffeomorphisms. Structure of SDiff, the weather forecast and
solar activity. Virasoro algebra and a membrane symmetry. Gauge theory of singletons: results
and perspectives. Real tunnelling geometries and the large scale topology of the universe.
Generalized sigma models and the index theorem. Weyl-invariance of membranes. Harmonic
superspace in supersymmetry and beyond. Supermembranes on black holes. Generic curved space
supermembrane theories. Concluding remarks.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
1
7
-
1
-
9

Industrialized
3

33
6
-
1

4 3

TOTAL
5

41
3
2
1

5 2
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Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

28
24
20

1
52

Title: TRIESTE CONFERENCE ON RECENT DEVELOPMENTS IN CONFORMAL FIELD THEORIES

Dates: 2 - 4 October 1989.

Organizers: Drs. E. Gava (Istituto Nazionale di Fisica Nucleare/ICTP), K.S. Narain (CERN,
Geneva, Switzerland/ICTP), S. Randjbar-Daemi (Iran/ICTP), E. Sezgin (Turkey/ICTP) and J.B.
Zuber (Commissariat à l'Energie Atomique, Saclay, France).

Purpose: To cover recent developments in conformai field theories, connection with
string theories, Chern-Simons gauge theories in 2+1 dimensions and the mathematical aspects
such as quantum groups, knots and braids.

Lectures: Twisted conformai field theories. Extended chiral algebras, modular
invariants, and fixed points in conformai field theories. Feigin-Fuchs representation on Riemann
surfaces. Fusion algebras and differential equations approach to RCFT. A coset construction for
classical inlegrable hierarchies. S-matrix bootstrap and rational integrable models. Conformai
field theories and lattice integrable models. Unitarity of superstring theory. Quantum groups in
conformai field theories and integrable systems. Correlation function for SU(2) parafermions on
the torus. An expanding universe in string theory. Renormalization of higher spin conserved
currents. Generalized Toda field theories and S-matrices. Temperley-Lieb algebras. Rings of
invariants for finite groups. W-algebras and parafields. The quantum group structure of 2D
gravity and minimal models. Aspects of the connection between Chern-Simons-Witten
Lagrangians and conformai field theories. Aspects of topological gauge theory in 2+1 dimensions
and its relation to integrable lattice models. Affine characters and modular transformations.
BRST quantization of conformai field theory on a random surface. Chiral bosonization of
superconformai ghosts on Riemann surface and path-integral measures.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
1
9
6
-
1
-

1 7

Industrialized
-
3

26
1
-
1

3 1

TOTAL
1

12
32

1
1
1

4 8

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

17
31
23

1
48
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Title: 25TH ANNIVERSARY CONFERENCE ON "FRONTIERS IN PHYSICS, HIGH TECHNOLOGY
AND MATHEMATICS"

Dates: 31 October - 3 November 1989.

Organizers: Professors L. Bertocchi (ICTP), H. Cerdeira (Brazil/ICTP), H. Dalafi
(Iran/ICTP), Dr. A.M. Harnende (ICTP), Prof. S. Lundqvist (Chalmers University of Technology,
Göteborg, Sweden) and Ms. E. Vidiz (ICTP).

Purpose: To celebrate the 25th anniversary of the ICTP.

Lectures: Supercomputing - powerful tool for scientific discovery and industrial
competitiveness. The earth as viewed from space. A life of physics. Spin glass theory. Adhesion
and fracture. Topics of the calculus of variations. From chaos to turbulence in thermal
convection. Minimal surfaces and surfaces of constant mean curvature. First class and second
class difficulties in quantum mechanics. Quantum phases and angles. Fractional quantum numbers
in condensed matter physics. Tracing the mechanism of electroweak symmetry breaking. The
emergence of structure in the universe and the dark matter problem. The relation between
physics and mathematics. Science in high technology. Band structure engineering of novel
semiconductors: from quantum mechanics to the electronics and photonics of the 21st century.
Neutrinos: unique probe of stellar interiors. Proteins-paradigms of complex systems. What is
really going on in high temperature superconductors?

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
8

21
1
-
2
8
-

4 0

Industrialized
-
-

66
1

19
-

12
9 8

TOTAL
8

21
67

1
21

8
12

1 38

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

34
68
35

6
206
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CONDENSED MATTER PHYSICS

Title: RESEARCH IN CONDENSED MATTER PHYSICS

Dates: Throughout the year.

Organizers: Professors S. Lundqvist (Chalmers University of Technology, Göteborg,
Sweden), Yu Lu (Academia Sinica, Beijing, P.R. China, and ICTP), M. Tosi (University of Trieste
and ICTP, Italy), E. Tosatti (International School for Advanced Studies, ISAS-SISSA, and ICTP,
Trieste, Italy) and H. Cerdeira (Universidad Estadual de Campinas, UNICAMP, Campinas, Brazil).

Purpose: To carry out research at the highest possible level in condensed matter physics
and to stimulate scientific interaction between physicists from the developing world and from
industrialized countries.

Seminars: Simulation of the liquid-gas transition .with finite size effects. Electronic
properties of Cu-O bonds in high temperature superconductors. Applications of the Brillouin-
Wigner-Feenberg perturbation theory in the study of elementary excitation in 4He. The Si(110)
surface: electronic structure and electrophysical data. Superconducting fluctuations in tunnel and
Josephson junctions. Anomalous scaling in growth kinetic. Is 3He a standard Fermi liquid?
Microscopic quantum phenomena in superconductivity Josephson rings. Electronic properties of
high Tc superconductors. Deterministic basis for Bose-Einstein statistic. A molecular theory of
phase transformations. Beyond the pair distribution function in X-ray absorption spectra of
amorphous systems. Dynamics of one hole in the t-J model. Binding of holes in the Hubbard model.
Cooperative Jahn-Teller effect in transition metal compounds. The Hamiltonian way for
computing Hamiltonian dynamics. The Landau-Ginzburg theory of the fractional quantum Hall
effect. Theoretical equations of state for classical fluids. Quantum tunneling in a metal and heavy
electron problem. Debye-Waller factors and physical properties of materials. The effects of
charge fluctuations on Tc in oxide superconductors. New trends in spectroscopy for surfaces and
thin films. Scaling aspects of electron localization in quasiperiodic potentials. Statics and
dynamics of solitions in one-dimensional medium with microinhomogeneities. Polaron theory of
strong coupling superconductivity. Parity violation and superconductivity in doped Mott
insulators. Symmetry of electronic states in antiferromagnetic CuOa planes. Anisotropy of
energy gap in layered superconductors. On the restrictions on the dielectric and magnetic
susceptibilities. Far-infrared vibrational spectrum of disordered polymers and phonon density of
states. Recombination enhanced defect reaction and diffusion in semiconductors.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
16
33

5
2
6

6 2

Industrialized
-
-

20
3
-

23

TOTAL
16
33
25

5
6

8 5
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Title: FOURTH INTERNATIONAL WORKSHOP ON COMPUTATIONAL CONDENSED MATTER
PHYSICS: "TOTAL ENERGY AND FORCE METHODS"

Dates: 4 - 6 January 1989.

Organizers: Professors A. Baldereschi (University of Trieste, Italy, and Ecole
Polytechnique Fédérale, Lausanne, Switzerland), A.J. Williams (IBM, Yorktown Heights, USA),
M. Scheffler (Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, F.R. Germany) and W.
Andreoni-Kay (IBM, Zürich, Switzerland), with the co-sponsorship of the International School
for Advanced Studies (ISAS-SISSA, Trieste, Italy), the Department of Theoretical Physics of
the University of Trieste, and the Italian National Research Council (CNR, Rome, Italy).

Purpose: To review and discuss recent theoretical developments as well as interesting
and illustrative applications.

Programme: Topics: Quantum Monte Carlo.
Effective-medium theory.
Molecular dynamics.
Combined use of local-density theory and the Anderson
Hamiltonian.
Localized orbitals and first-principles tight-binding theory.
Alternatives to Hamiltonian diagonalization.

Lectures: Density functional calculation of the parameters in the Anderson impurity
model. Calculations of electronic energies and interactions in CuO materials. Variational quantum
Monte Carlo calculation of materials properties. Ab-initio correlation calculations for different
solids with the local Ansatz. Recent progress in pseudo-Hamiltonians for quantum Monte Carlo.
The metal-insulator transition in density-functional theory and quasiparticle theory. The self-
energy approach for calculations of quasiparticle energies. Methods for ab-initio simulation.
First-principles molecular dynamics of amorphous and liquid carbon. Hydrogen diffusion in
semiconductors. Energy surfaces and structure of group VI elemental and compound clusters.
Atomic and electronic structure of planar defects; semi-empirical and first-principles thight-
binding methods. Full-potential LMTO; lattice dynamics of copper halides and perovskites. New
LMTO techniques; accurate results for phase stabilities, phonon frequencies, and Grüneisen
parameters. Dipoles and Schottky barrier heights of (111) NiSi2/Si interfaces. The effective
medium theory. A new classical potential for accurate total-energy calculations of atomic
processes in Si. Linear response in real materials: why is it useful? Why is it convenient? Non-
adiabatic effects in molecular dynamics (classical and quantum). Studies of spin and orbital
magnetism in bands. Relativistic quantum mechanics in condensed matter physics. Ferro- and
antiferro-magnetism of 3d-overlayers on metals. Self-consistent antiferromagnetic ground
state for La2CuO4 via energy and theory. Drugs from ab-initio calculations. An iterative scheme
for obtaining Eigenvectors of large real-symmetric matrices. Fast diagonalization of non-local
pseudopotential Hamiltonians. A new formulation for ab-initio calculation of phonon spectra.
Surface atom energetics. Defect metastability: the EL2 defect in GaAs.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
2
5
9
1
3
-

2 0

Industrialized
-
-

84
13

-
1

9 8

TOTAL
2
5

93
14
3
1

1 1 8
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Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

38
80
25

1
138

Title: COLLEGE ON ATOMIC AND MOLECULAR PHYSICS: PHOTON ASSISTED COLLISIONS IN
ATOMS AND MOLECULES

Dates: 30 January - 24 February 1989.

Organizers: Professors B. Bederson (New York University, USA), K.L. Kompa (Max-
Planck-lnstitut, Munich, Federal Republic of Germany) and N. Rahman (University of Trieste,
Italy), with the co-sponsorship of the Italian Direzione Generale per la Cooperazione allo
Sviluppo (Ministry for Foreign Affairs, Rome, Italy).

Purpose: To offer a general and updated review of the wide variety of physical
phenomena occurring in processes of atomic and molecular collisions in the presence of laser
light.

Programme: Topics: Electron collisions in laser fields.
Non-reactive collisions.
Reactive collisions.
Collision induced coherence.
State-to-state chemistry.
Harmonic generation in gases.

Lectures: Electron-atom collisions. Interatomic potentials and collisions with molecular
beams. Molecular interactions from scattering experiments. High resolution laser spectroscopy.
Electron-atom collisions with and without fields. Photochemistry. Rydberg atoms with matter
radiation. Atomic physics with synchrotron and laser. Reaction dynamics with laser. Gas phase
reactions with lasers. Energy pooling reaction. Theory and experiments of electron collisions in
laser fields. Collision-induced coherence. Molecules in laser fields. Experimental aspects of
L.I.C.E.T. Molecular dynamics. Simulated recombination as a stochastic process.
Cathodoluminescence in biology and medicine. Bond formation at ultracold temperature. Laser-
control of chemical reactions.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
TOTAL

Developing
13
35

6
1
1
6

6 2

Industrialized
-
-

16
-
8
-

24

TOTAL
13
35
22

1
9
6

8 6
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Directors and Lecturers
Participants
Member states represented
Applications received

23
63
35

208

Title: EXPERIMENTAL WORKSHOP ON HIGH TEMPERATURE SUPERCONDUCTORS

Dates: 30 March - 14 April 1989.

Organizers: Dr. P. Ganguly (Indian Institute of Science, Bangalore, India), Dr. G. Leising
(Graz Technical University, Graz, Austria), Dr. F.C. Matacotta (Istituto per la Tecnologia dei
Material! Metallic! non Tradizionali, ITM - Consiglio Nazionale delle Ricerche, Milan, Italy) and
Prof. M. Tosi (University of Trieste, Italy), with the co-sponsorship of the Italian Direzione
Generate per la Cooperazione allo Sviluppo (Ministry of Foreign Affairs, Rome, Italy).

Purpose: To introduce interested newcomers to the latest developments in the field.

Lectures: Phenomenology and theory of superconductivity. Introduction to experimental
activity: materials preparation; materials characterization. Theoretical developments in HTC
superconductivity. Structure investigations. High temperature superconductivity. Computer aided
structural determinations. HTS chemistry. Infrared spectroscopy. Magnetic and transport
properties. Devices and thin films. Thermodynamic properties. Critical current densities of high
Tc superconductors. Neutron diffraction of YBCO-related compounds. Oxygen disordering
phenomena in YBa2Cu3O7±5. On the specific heat anomalies in the temperature range 200-240 K in
CuO and YBa2Cu3O7. Y-Ba-Cu-O high Tc superconductive thin films made by Y, BaF2, Cu co-
evaporation technique. Selective doping of iron in YBCO: a Mössbauer study. Magnetic properties
of Cu-O planes in Gd2CuO4. Synthesis of Bi-Pb-Sr-Ca-O system through glass ceramic and
ceramic routes. Transport properties of REBa2Cu3O7_x superconductors versus oxygen content
(resistivity and thermoelectric power; thermal conductivity). Research and development of high
Tc superconductors in Thailand: national project; research activity at Chiangmai University;
research activity at Prince of Songkla University. Critical current of epitaxial YBa2Cu3O7_x; thin
films under high magnetic field. A possibility for obtaining YBa2Cu3O7.x superconductors of large
range of x and distribution of the oxygen atoms on the basal plane. Hall effect and 205TI NMR
Knight shift studies in BiSrCaCu2Ox and TICa3BaCu3Ox systems. Sr and O concentration effects on
the electrical resistivity of Ba-Sr-Cu-O. Logarithmic to non-logarithmic flux creep transition in
Bi-Sr-Ca-Cu-O system. Infrared and X-ray studies on Y-Ba-Cu-O and Bi-Sr-Ca-Cu-O system.
Substitution and transport studies in 1-2-3 compounds. The effect of combining Nb and
YBa 2 Cu 3 O7_ 5 in a superconducting wire. Relaxations of the magnetization in high-Tc

superconductors. Point-contact spectroscopy: techniques and results. Optical reflectivity studies
of magnetically-oriented high Tc materials. Superconductivity at 156K in the multiphase La-Sr-
Cu-O system.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
10
35
13
4

15
7 7

Industrialized
.
.

17
2
-

1 9

TOTAL
10
35
30

6
15

9 6
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Directors and Lecturers
Participants
Member states represented
Applications received

30
66
37

319

Title: SPRING COLLEGE IN MATERIALS SCIENCE ON "CERAMICS AND COMPOSITE
MATERIALS"

Dates: 17 April - 26 May 1989.

Organizers: Professor N.H. March (University of Oxford, UK), Chairman of the Advisory
Committee on Condensed Matter Physics, and the Members of the Committee, Professors P.N.
Butcher (Warwick University, UK), G. Chiarotti (II Université di Roma, Rome, Italy), P. Fulde
(Max-Planck-lnstitut für Festkörperforschung, Stuttgart, Federal Republic of Germany), F.
Garcîa-Moliner (Instituto de Ciencia de Materiales, Madrid, Spain), F. Gautier (Université Louis
Pasteur, Strasbourg, France), I.M. Khalatnikov (Landau Institute for Theoretical Physics,
Moscow, USSR), S. Lundqvist (Chalmers University of Technology, Göteborg, Sweden), C.-W.
Lung (Institute of Metal Research, Shenyang, P.R.China), K. Singwi (Northwestern University,
Evanston, USA) and M.P. Tosi (University of Trieste, Italy).

Purpose: To study the basic physics of structure and microstructure, the analytical
techniques used for their study and the relevance to electrical, mechanical and related properties
of technological importance.

Programme: Topics: Basic theory.
Physical techniques.
Special topics and applications.

Lectures: Chemical bonding. Structure determination. Plasticity and fracture. Electron
microscopy (transmission, scanning, Auger). Defects, disorder and diffusion. Electrical and
thermal conduction. Deformation and creep. Sintering and microstructures. Applications of
advanced ceramic materials. Theoretical developments on high temperature superconductors.
Wetting. Optical properties of materials. High toughness and high temperature ceramics. Porous
media. Phase diagrams and liquid structure. Simulation of performance of non homogeneous
materials. Positron annhilation. The mechanical performance of a SiC fibres reinforced matrix
composites. Processing of ceramics and composite materials. Fast ion conductors. Strengthening
mechanisms and strong microstructures. Microstructure design. A strong-coupling mechanism in
the high-Tc copper oxides. Solid ionic ceramic conductors and their applications. Li-insertion
compounds. Structural properties of oxide superconductors. Radiation damage of ceramics.
Present applications and future trends of ceramics and composites. Fibre strengthening of
ceramics and glasses. Ceramic coating. Quasicrystals.

Working Group Seminars: Silicate-bonded ceramics of lateritic coils. Conductivity and
dielectric properties of composite materials. Field ion microscopy in the study of topography.
Demixing in doped transition metal oxides. Fast ion conducting materials - application to solid
state ionic devices. Dielectric and optical properties close to the percolation threshold in thin
films. Piezoelectric properties of polymer-ceramic composites. Sensitive nondestructive
methods for dynamic defects characterization. A numerical calculation for the enhancement
factor in X-ray fluorescence spectroscopy. NDT method for elastic modulus. Processes of glass-
ceramics formation in a model metaphosphate glass: NaPO3. Molecular and dynamic studies on the
liquid-glass transition. Experimental methods for the determination of KIC and slow crack growth
parameters. Development of material resistant to radiation damage by fast neutrons. Bio-
ceramics. Preparation of silicon nitride ceramics-mechanisms. Glass structure by Mössbauer and
IR spectroscopy. Sulphate based solid electrolytes. Electron spin resonance in high temperature
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superconductors. Mechanics of deformed solids. Preparation and properties of hot pressed high Tc

superconducting ceramics. Microstructure of high Tc superconducting ceramics. Glass forming
ability in metallic alloys. Effect of heterogeneity on the chemical and mechanical properties of
glasses. Fracture characteristics of three dimensional carbon-carbon composites. A model for
transformation toughening in ZrO2 alloys. Mechanical properties of high polymers: Time-
temperature superposition. Heat resistant polymers. On critical currents in superconductors.
Ferroelectric properties of Ba4Na2NbioO3 doped with rare earth metallic ions. Microstructure of
AI-SiO2-AI2O3 composites obtained by liquid phase reactive sintering. Pencil lead tips for
scanning tunneling microscopy - a field ion and field emission microscopic study. Development of
sulphate based and other solid electrolyte materials for solid state batteries. Thick films of high
temperature superconductors. Fabrication of thin films of high Tc superconductors.
Thermodynamic properties of point defects in solids. Finite size effects in high Tc

superconductors. The formal theory of nucleation and growth and its applications. Electrical and
optical properties of glasses. Application of fracture mechanics to brittle materials. Hertzian
fracture in ceramic single crystals. Microstructure and properties relations in ferroelectrics.
Materials technology research at IGCAR, Kalpakkam (DAE), India. Effect of fast neutron
irradiation on the phase transition of the A'A"BX4 family. Preparation of Si3N4 and related
materials. Steel surface coating by nitriding. Superionic conduction in some protonic materials.
Physical properties of LISICON ceramic sample. Transport properties of YBaCuO granular and
single crystal epitaxial films. XRD studies of the superconducting SmBa2Cu3O7.s phase. Effects of
He absorption in BiSrCaCuO superconductors. Research in high Tc materials at the Centre for
Space in Argentina. Surface segregation in alloys. Improvement of Iraq's building ceramics by
sulphur impregnation. S.G. iron production in pit furnace. Structure and properties of 'non-linear
optics' (NLO) materials. Some comments on the YBa2Cu3O7 systems. Absorption on heterogeneous
surfaces. Diffusion of gases in polymer films. Plastic instability in metallic tubes under
multiaxial stress conditions. Surface fracture toughness for ceramics.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
28
54

8
4

16
1 1 0

Industrialized
-
-

25
3
-

2 8

TOTAL
28
54
33

7
16

1 38

Directors and Lecturers
Participants
Member states represented
Applications received

28
110
45

305

Title: CONFERENCE ON OXYGEN DISORDER EFFECTS IN HIGH Tc SUPERCONDUCTORS

Dates: 18 - 21 April 1989.

Organizers: Professors J.L Moran-Lopez (Universidad Autonoma de San Luis Potosî,
Mexico) and I.K. Schuller (University of California, San Diego, USA).

Purpose: To exchange ideas and to discuss the latest achievements in the field.
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Programme: Topics: Electron diffraction microscopy.
Raman scattering.
Neutron diffraction.
Substitution and doping effects.
Electronic structure.
Phase diagrams.
Phonon spectra.
Statistical models.
Magnetic properties.

Lectures: Neutron diffraction studies of the role of oxygen in oxide high-temperature
superconductors. Oxygen ordering in YBa2Cu3O6+8: a phase diagram calculation. Neutron
diffraction studies of oxygen ordering in high Tc compounds. Ordering of oxygen vacancies in
YBaCuO. Electron microscopy and electron diffraction of short- and long-range order in
YBa2Cu3O7+8. Pseudo-binary phase equilibrium in 1-2-3 superconductors. Pulsed neutron studies
of oxygen displacements. Oxygen kinetics in high Tc ceramics. Current-voltage characteristics of
high Tc superconductors. High Tc superconducting oxide thin films. Configurational disorder and
correlation effect on the electronic structure of YBa2Cu3O6+5- Tight-binding investigation the
electronic properties of ordered and disordered defects in the YBaCuO system. Electronic
structure of cuprate and bismuthate superconductors. Cation and copper substitution studies of
high Tc cuprate superconductors. Study of superconducting and parent phases by chemical
substitutions. Oxygen disorder effects in YBa2(Cui.xMx)3O7_y. Intrinsic superconducting
properties of high Tc materials obtained through magnetization measurements. Characterization
of twins and twin domains of YBaCuO single crystals by micro-Raman scattering. The effect of Fe
substituants on the Cu superconductor oxides. Neutron diffraction evidence for oxygen-pairing in
Bi-Ca-Sr-Cu-O superconductors. Oxygen effect on Tc for the oxide superconductor
YBa2Cu3Ox(6.3<x<7). Pseudobinary phase relations of Ba2YCu3OX) Li2MgCu3Ox and La4BaCu5Ox.
Effect of oxygen vacancy concentration (8) on the magnetic ordering of rare earth (R) ions in
RBa2Cu3O7_5 hiQh Tc superconductors. Flux planning and thermally activated flux flow behaviour in
single crystalline YBa2CuO7 and Bi2Sr2CaCu2O8. Magnetic vortex-antivortex pairing mechanism in
La2CuO4+y superconductors. Dynamics of holes in Heisenberg antiferromagnets.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
North and Central America
South America
TOTAL

Developing
3

16
12
2

14
4 7

Industrialized
-
1

16
1 1

-
2 8

TOTAL
3

17
28
13
14
7 5

Directors and Lecturers
Participants
Member states represented
Applications received

22
53
30
88
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Title: WORKING PARTY ON MODELLING THERMOMECHANICAL BEHAVIOUR OF MATERIALS

Dates: 29 May - 16 June 1989.

Organizer: Professor E.J. Savino (Comisiôn Nacional de Energîa Atômica, Buenos Aires,
Argentina).

Purpose: To model thermomechanical material behaviour in technologically relevant
environments by means of numerical codes specially developed for this purpose.

Lectures: Introduction. Modelling plastic behaviour of polycrystalline metals. Description
of the facilities available. Introduction to thermoelasticity. Introduction to finite element
methods. Use of a finite element programme (SAP4). Demonstration from Convex and use of
programmes as scheduled. Continuum and lattice models for composite materials. Plastic
behaviour of anisotropic polycrystals. Informatics laboratory: Green's function; LAPP; QUEST;
G.F.; dislocation model for thermal and irradiation creep; comparison between finite elements and
finite difference methods for modelling thermomechanical properties; nuclear fuel modelling;
implicit and explicit methods for modelling creep deformation. Elastoplastic behaviour of
polycrystals. Rate theory of point defects. Deformation and failure modes for structural
mechanics analysis. Nuclear fuel modelling. Fundamentals of fracture mechanics. Summary and
conclusive remarks.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
North and Central America
South America
TOTAL

Developing
8

10
-
-
8

2 6

Industrialized
-
-
2
2
-
4

TOTAL
8

10
2
2
8

30

Directors and Lecturers
Participants
Member states represented
Applications received

6
24
17
30

Title: WORKING PARTY ON FRACTURE PHYSICS

Dates: 29 May - 16 June 1989.

Organizers: Professor C.W. Lung (Institute of Metal Research, Academia Sinica,
Shenyang, People's Republic of China) and Dr. R. Thomson (National Bureau of Standards,
Gaithersburg, MD, USA).

Purpose: To have an overview of fracture physics by a group of leading experts on a
number of current basic issues underlying the phenomena of fracture.
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Programme: Topics: Structure of the crack tip and its stability against
dislocation emission.
Relative efficiency of the shielding of the crack by
dislocations formed from the tip itself and those from
external sources.
Reaction between external chemical species and the
stretched bonds and incipient surface forming at the crack
tip.
Strength of interfaces, either intergranular or interphase.

Lectures: Introduction. Elasticity and plasticity. Dislocations. Simulated annealing. Green
functions. Statistical fracture mechanics. From dislocation dynamics to self-organized behaviour
of dislocations. Different fractal structures along different directions on the fractured surface.
Fractal dimension of H-cracking surface of metals. Tight binding approaches to defect structures.
Simulation of cracks. Dislocation shielding. Molecular dynamical study of deformation and
fracture for Cu bicrystals. Lattice models. Electron microscopy of crack. Observations of
dislocation shielding. Cracks and fracture in silicon. Interfacial segregation. Dislocation dynamics
and the brittle-ductile transition. Elastic theory of dynamic cracks. Observation of dislocation
free zones at crack tips. Transformation toughening. Environmental effects in metals. Fracture in
ceramics. Fracture and deformation in brittle and geologic materials. Cleavage crack tip
deformation in Zn single crystal. Fatigue behaviour of SiC(P)/AI(6061) composite. Theory of
chemical effects at cracks. Surface fracture of perspex as a fractal growth process.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
5

17
2
-
2

2 6

Industrialized
.
-
7
6
-

1 3

TOTAL
5

17
9
6
2

39

Directors and Lecturers
Participants
Member states represented
Applications received

17
22
20
53

Title: MINIWORKSHOP ON STRONGLY CORRELATED ELECTRON SYSTEMS IN CONDENSED
MATTER

Dates: 19 June - 21 July 1989.

Organizers: Professors G. Baskaran (Indian Institute of Mathematical Sciences, Madras,
India), A.E. Ruckenstein (University of California, La Jolla, USA), E. Tosatti (International School
for Advanced Studies, ISAS-SISSA, and ICTP, Trieste, Italy) and Yu Lu (P.R. China/ICTP), with
the co-sponsorship of the International School for Advanced Studies (ISAS-SISSA, Trieste,
Italy).

Purpose: To bring to the ICTP a small but meaningful fraction of condensed matter
theorists, actively involved in the research on strongly correlated electron systems, in order to
explore new ideas and techniques.
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Lectures: Introduction to metal-insulator transition and the strong correlation problem.
Some results in fermion mean field theories of the large U Hubbard model. Itinerant vs. localized
AF of CuO2 layers within a slave boson approach. Gauge theory of dimer phase with holes. Kondo
effect: a saga of strongly interacting fermions. Instability of the ferromagnetic state in the large
U limit of the Hubbard model. Novel local symmetries and chiral symmetry broken phases.
Variational study of the pair hopping model. Exact diagonalization studies of small correlated
systems. Two quantum liquids. Quantum spin systems and flux phases for pedestrians.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
International Organizations
TOTAL

Developing
1

1 1
10

1
-

23

Industrialized
-
2

29
14

1
4 6

TOTAL
1

13
39
15

1
69

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

4
65
22

1
77

Title: RESEARCH WORKSHOP IN CONDENSED MATTER, ATOMIC AND MOLECULAR PHYSICS

Dates: 19 June - 29 September 1989.

Organizers: Professors P.N. Butcher (University of Warwick, UK), H. Cerdeira
(Universidade Estadual de Campinas, Brazil, and ICTP, Trieste, Italy), F. Garcia-Moliner
(Institute de Ciencias Materiales, Madrid, Spain), I.M. Khalatnikov (Landau Institute for
Theoretical Physics, Moscow, USSR), S. Lundqvist (Chalmers University of Technology,
Göteborg, Sweden), Chi Wei Lung (Institute of Metal Research, Academia Sinica, Shenyang, P.R.
China), N.H. March (University of Oxford, UK), K.S. Singwi (Northwestern University, Evanston,
USA), E. Tosatti (International School for Advanced Studies, ISAS-SISSA, and ICTP, Trieste,
Italy), M.P. Tosi (University of Trieste and ICTP, Trieste, Italy) and Yu Lu (Academia Sinica,
Beijing, P.R. China, and ICTP, Trieste, Italy).

Purpose: To support condensed matter research in developing countries by inviting a
selected group of physicists from these countries for an extended summer programme, during
which they have the opportunity of interacting with a large number of leading physicists from all
over the world.

Lectures: Solution of the phase problem in diffraction by multiple Bragg scattering. Self-
generating oscillations in non linear waves with dispersion. Physics of immunology. Theoretical
concepts for fractal growth. What is chaos - a colloquium for non-chaologists. Chaotic soliton in
science and engineering. Quasicrystals. Hopping transport and localization in high electric fields.
Quantum simulations: an overview. Antiferromagnetic resonance in triangular antiferromagnets.
Self-organized behaviour of dislocations. The functional integral method in the problem of the
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lifetime of a metastable state. Nonlinear lattice statics, dynamics and statistical mechanics.
Multifractal wave functions in one-dimensional systems. Chemical aspects of high-temperature
superconductors. Damping of collective excitations in normal 3He and other fermion liquids. The
Cottrell-Stokes law and activation theory. Introduction to the interaction of bulk and surface
modes in liquids. Electronic phase transitions in semiconductors with strong electron-phonon
interaction. Electron and phonon structures and Raman effect in multiple quantum wells. Pressure
induced superconductivity in elemental solids. Phonon-drag thermopower in low-dimensional
semiconductor systems. Light induced magnetisation in semiconductors. Magnetism and high Tc

superconductivity: new perspectives. Static and dynamic properties of clouds of virtual quanta.
Frustration and correlations in Ising systems. Wetting transitions. Theory of elementary
excitations with damping in systems with strong correlations and complex spectrum. Self-
avoiding walks (SAWs) and self-avoiding trails (SATs) on fractal lattices. Relaxed structure and
structural phase transition in crystals with surfaces - a microscopic model. Developments in the
theory of multiphoton absorption by molecules (bound-bound); applications of a chiroptical nature.
High temperature superconductors: facts and fantasies. Inverse problem for obtaining phonon
density of states. Cooling, bunching, velocity effects and localization of atoms in a light field.
Dislocation theory of elastic twinning and related topics. Diabatic and adiabatic motion in
periodically driven quantum systems. Quantum distinction between regular and chaotic,
dissipative motion. Hot QED for free particles made easy. Rydberg atoms and quantum optics.
Phase transition in aperiodic quantum spin chains. Lattice defects in the simplest metals:
progress in the study of Li and Na. Algebraic analysis of dynamical models in condensed matter
physics. Quantum ballistics in two-dimensions. Solution of some problems of electron kinetics
beyond the relaxation time approximation. Atomic source field effects and the action of passive
systems in quantum optics. Recent progress in Fermi liquid approaches to high Tc. Influence of a
magnetic field on quasi-one-dimensional electron systems. Some arguments against the validity
of Boltzmann's equation in narrow gap II-IV semiconductors. Non-adiabatic effects in the electron
and phonon spectra of a Peierls insulator. The localisation length of electrons in one- and quasi-
one-dimensional systems. Physical modelling of electrochemical interfaces. An introduction to
fractal objects. Surface first order transition in a Heisenberg ferromagnet with competing
interactions. Resonatorless, dissipative optical bistability in semiconductors.
Magnetoconductance in quasi-periodic superlattices. Effect of rotational constraint on lattice
models. Electron cooling in strong electric fields. Dynamics of a driven and damped kink in a 1D
chain. The thermopower in crystalline and amorphous semiconductors: energy transport and the
role of the electron-phonon interaction. DC and ac phonon-assisted hopping conductivity calculated
from generalized master equations. Gauge theory of line defects in elastic continua and liquid
crystals. Review of doping superlattices. Diffusion and thermal equilibrium defects in Si and Ge.
Metal-enhanced crystallization and fractal formation. Mathematical structural equivalence of
TDLDA and RPAE in the calculation of atomic photoabsorption cross sections. Void lattice
formation under particle irradiation - a phenomenon of self-organization. Hopping transport on
deterministic aperiodic chains. Electronic properties of 2D quasicrystals. An experimental study
on microstructure and annealing behaviour of rapidly quenched Al-Si alloys. Three-photon
interband processes in solids. Hot electron properties in GaAs/AIGaAs heterojunction prepared
by LPE. Bimetallic interfaces. Hard-core Yukawa fluid - some new results. Dynamical effects in
electron tunneling. Development and characterization of device grade thin films of
semiconductors. Vibrational spectra of quasicrystalline superlattices. Surface and interface
electronic structure of alkali halide crystals (LCAO slab calculations). Dislocation representation
of a wall of elastic domains. Random site-bond percolation: application to high Tc

superconductors. Experimental and theoretical study of Ge/Pd/n-GaAs and Si/Pd/n-GaAs Ohmic
contacts. Simulation studies of low-dimensional classical spin systems with long-range
interactions. Computer modelling of coherence effects in the excitation transfer in photosynthetic
units. Semiconductor epitaxial layers characterization by persistent photoconductivity
measurements. Swendsen-Wang algorithm and critical behaviour of the dilute Ising model.
Diagram technique for non-orthogonal group functions. Self-interaction in Hopfield model.
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Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
56

111
63

5
22

-
257

Industrialized
-
-

44
8
-
1

53

TOTAL
56

111
107

13
22

1
31 0

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

56
254

54
1

646

Title: INTERNATIONAL SYMPOSIUM ON HIGHLIGHTS IN CONDENSED MATTER PHYSICS
(dedicated to Prof. K.S. Singwi on the occasion of his 70th birthday in recognition of his
extensive and pioneering work in the field).

Dates: 1 - 3 August 1989.

Organizers: Professors P. Yena (Virginia Commonwealth University, Richmond, USA), R.
Kalia (Argonne National Laboratory, Argonne, USA), M.P. Tosi (University of Trieste and ICTP,
Italy) and P. Vashishta (Argonne National Laboratory, Argonne, USA).

Purpose: To review and discuss recent progress and future prospects.

Programme: Topics: Strongly correlated Fermi systems.
Helium liquids.
Structure and dynamics of disordered systems.
Density functional theory.

Lectures: Local field effects in weakly to strongly interacting Fermi systems.
Applicability of the local field concept for the electron gas. Dynamic susceptibility of a free
electron gas in D dimensions and its analytic properties. Hubbard corrections in a 2-D electron
gas. A novel approach to correlation effects in electron spectroscopies. On dynamic correlations
in uniform electron liquid. The puzzling neutrinos. Dynamics of classical and quantum liquids from
neutron scattering experiments. Relaxations in supercooled Lennard-Jones systems. Dynamical
correlation function and transport coefficients of dense fluids. The structure and dynamics of
intercalated ternary systems. Interatomic potential energy. Electron correlations and dielectric
screening in a layered electron gas. Impurity problem in metals. Polaron gas in low dimensional
structures. A cold start to the Universe? Density functional theory of superconductors. Ground-
state energy of the one-and two-component Hubbard model calculated by the method of Singwi,
Tosi, Land and Sjölander. Superconducting correlations in the new high Tc superconductors from a
study of dynamic response function. Hydrogen in metals. Density wave theory of Wigner
crystallization. Electron-hole liquids and many-body theories.
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Summarized data on the participation
(Number of scientists by world regions)

World regions
Asia
Europe
Indonesia and Oceania
North and Central America
South America
TOTAL

Developing
4
2
-
-
1
7

Industrialized
-

10
1

10
-

21

TOTAL
4

12
1

10
1

2 8

Directors and Lecturers
Participants
Member states represented
Applications received

26
2

13
32

Title: ADRIATICO WORKING PARTY ON CONDENSED MATTER PROPERTIES OF NEUTRON
STARS

Dates: 1 1 - 2 9 September 1989.

Organizers: Professors H.A. Cerdeira (Universidad Estadual de Campinas, UNICAMP,
Campinas, Brazil, and ICTP, Trieste, Italy) and G. Srinivasan (Raman Research Institute,
Bangalore, India).

Purpose: To bring together a small number of astrophysicists and condensed matter
physicists to discuss the structure and properties of the interior of neutron stars.

Lectures: What are the stars? The nature of pulsars. Theory of superconductivity.
Equation of state of neutron star matter. Superfluidity and superconductivity in neutron stars.
Neutron star crust and cooling. The structure of flux tubes in neutron stars. Vortex pinning,
post-glitch relaxation and crystal heating. The role of the magnetic fields of neutron stars - an
overview. Do pulsar magnetic fields decay? The evolution of the magnetic field of pulsars. The
dynamics of vortex lines and the decay of pulsar magnetic fields. Electrical resistivity of
magnetized cores of neutron stars. Ohmic decay of the core field. Equation of state - the moral of
millisecond pulsars. High energy gamma-ray stars. Thermal growth of neutron star magnetic
field. Growth of pulsar magnetic fields: observational constraints. Thermal radiation from
neutron stars: role of the magnetic field. Electrical resistivity of neutron star crust. A
mechanism for the decay of pulsar magnetic fields. On the structure of neutron star crust.
Electrohydrodynamic instability of the surface of neutron stars. Electrodynamics of the polar cap
region: some effects of general relativity. Spin-up of a new-born neutron star.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
6
6
-
4
-

1 6

Industrialized
1
9
4
-
1

1 5

TOTAL
7

15
4
4
1

3 1
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Directors and Lecturers 16
Participants 1 5
Member states represented 1 5
International Organizations represented
Applications received 45
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MATHEMATICS

Title: MATHEMATICS RESEARCH

Dates: Throughout the year.

Organizers: Professors J. Eells (University of Warwick, UK, and ICTP, Trieste, Italy)
and A. Verjovsky (Centre de Investigaciön y de Estudios Avanzados del Instituto Politécnico
Nacional, Mexico City, Mexico, and ICTP, Trieste, Italy).

Purpose: To give continuity to the mathematics research programmes in order to provide
Associate Members and visitors from Federated Institutes with the possibility of contact with
high-level mathematicians throughout the year.

Seminars: Yang-Mills fields and holomorphic maps. Number theory. Multi-tuple Shilov
boundaries and multi-dimensional analytic manifolds in uniform algebras. Localizability in
analytical dynamics and quantum mechanics. Closed string-like solutions of Davey-Stewartson II
equations. Laplace spectrum, length spectrum and Selberg zeta functions. Solution of linear
differential equations and Lefschetz theorem of hyperplane sections. Mean function of compact
hypersurface and quasilinear elliptic equation. Homogeneous weakly isoparametric submanifolds.
Twistors and singularities of self-dual connections. Chern-Simons invariants and transversally
homogeneous foliations. From Lefschetz formula to the De Rham algebra of the classifying space
of foliations. A, D, E classification of singularities. Häfliger classifying spaces and the geometry
of Chern-Simons invariants. Analytic big-manifolds in uniform algebra spectra. What can we do
with only a rusty compass? Superminimal surfaces in Euclidean spheres. Branched superminimal
surfaces in S4. Moduli of harmonic maps from S2 into S4. A new class of infinite-dimensional Lie
algebras and associated nonlinear systems. Can we prove geometrical theorems by only some
examples? Coefficient multipliers of spaces of holomorphic functions in the unit ball of Cn.
Automorphisms of foliations defined by complex linear vector fields. Variations of Hodge
structure of maximal dimension. Exotic CR-Structures on S3xS2. Finite subgroups of mapping
class and modular groups. On some arithmetical properties of almost periods. The concept of
multi-grid methods. Generalized critical points and applications in geometry. The monad
constructions and Hermitian-Einstein metrics for holomorphic vector bundles. Iterative
construction of fixed points for set-valued operators of the monotone type in Banach spaces.
Some results in distance geometry. Temperature correlators of impenetrable bosons as a new
integrable system. Intersection R-torsion and analytic torsion for pseudomanifolds. Elementary
survey on the Goldbillon-Vey invariant. On a nonclassical boundary parabolic pseudodifferential
problem. The Stokes system on polygonal plane domains. The Bergman spaces and the
pluriharmonic conjugates in the unit ball of Cn. Mathematical education and educational
mathematics. On the self-scaling variable metric algorithms. A decomposition of C*-algebras.
Implementation of comparative probability by normal states. On real part of non-trivial zeros of
Riemann zeta function. Differential transcendence of Dirichlet series. Multiplicative diophantine
equations, orthogonal polynomials and angular momentum coupling coefficients. Recent results on
Quaternion-Kähler manifolds. A problem of L. Nirenberg. On semi-symmetric or Einsteinian 4-
submanifolds in E6. Geometric metric equations and their applications. On the zeros of solutions of
non-homogeneous third order differential equations. Approximate representation of functions of
several variables in terms of functions of one variable. Weighted norm inequalities for a certain
class of integral operators. Strong shape theory and strong homology. Methods of the stochastic
processes theory in path integration. Solution of the Stokes system by boundary integral
equations and fixed point iterative schemes. Nonoscillatory behaviour of solutions of an equation
alternately of retarded and advanced type.
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Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
16
41

5
4
7

73

Industrialized
-
-

10
2
-

1 2

TOTAL
16
41
15

6
7

85

Title: WORKSHOP ON THEORETICAL FLUID MECHANICS AND APPLICATIONS

Dates: 9 - 27 January 1989.

Organizers: Professors C. Bardos (Université de Paris IX, France), H. Beiräo da Veiga
(Université di Pisa, Italy), A.R. Bestman (University of Port Harcourt, Nigeria) and P.G. Drazin
(University of Bristol, UK).

Purpose: To review theoretical and applied aspects of the subject matter.

Lectures: Internal gravity waves. Existence results for the Euler and Navier-Stokes
equations for non-homogeneous and compressible fluids. Mathematical theory of shock waves.
Incompressible Euler equations, particle trajectories and related questions. Boundary-layer
flows. Approximate inertial manifolds for Navier-Stokes equations. Fluid statics. Introduction to
mathematical and numerical modelling in combustion. Can we predict weather? Triple-deck
theory. Other interactive flows. Supersonic propeller acoustics. Flow in porous media - the
governing equations. On thermal and rotational stability. Discrete Boltzmann equation and
lattice-gas models in 1D flows. Flow of a viscous fluid driven along a channel by suction at
porous walls. Burger's equation in the quarter plane: a formula for the weak limit. Rayleigh-
Bénard convection in a porous box. Minimal surfaces. Convection during the solidification of a
binary melt. Centrifugal instability: the Tayler-Dean problem. Homogenization of fluid flow
through porous media. An introduction to bifurcation in fluid mechanics. Numerical bifurcation
theory. Physiological flow as a branch of fluid mechanics. Convection. Hydrodynamic interaction
between particles at low Reynolds numbers. Turbulent heating of the solar corona. On the
boundary layer of a stagnation point reacting flow. Geometric optics approximation and
hyperbolic problems. Hydromagnetic-gravity waves. No slip images in Stokes' flow. MHD power
generating equations. Hydrodynamics of thin-film formation. Free Lagrangian method for @-D
compressible flows. Computation of steep unsteady surface waves. Analytic solutions of Vlasov
equation. Soil compaction model and its applications. An inverse problem for a nonlinear porous
medium equation. Stability for incompressible fluids. Shock waves: viscosity vs. capillarity. The
dynamics of the near field strong jets in cross flows. Numerical simulation of tidal wave
propagation. Convergence criteria and Navier-Stokes equations. Weak nonlinear instability of
two immiscible liquids with different viscosities in a pipe. On some characteristics of hurricane
inner core region inferred from laboratory simulations. Gaseous diffusion in leaf interiors.
Asymptotic analysis of the temperature field of a mcropolar fluid with blowing and suction.
Solitonic solutions for generalized Boltzmann equations. Viscous dissipation flow between coaxial
cylinders. The applications of fluid mechanics.
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Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
15
29

9
1
8

6 2

Industrialized
-
-

21
2
-

23

TOTAL
15
29
30

3
8

85

Directors and Lecturers
Participants
Member states represented
Applications received

26
59
33

214

Title: TOPICAL MEETING ON HYPERBOLIC GEOMETRY AND ERGODIC THEORY

Dates: 1 7 - 2 8 April 1989.

Organizers: Professors G. Gallavotti (Université "La Sapienza", Rome, Italy), M.
Misiurewicz (University of Warsaw, Poland) and C. Series (University of Warwick, UK).

Purpose: To introduce participants to the modern theory of its subject, and to survey
recent developments and current research problems.

Programme: Topics: Basic hyperbolic geometry.
Recursive structure of hyperbolic groups.
Markov partitions and geodesic flows.
Subshifts of finite type.
Ruelle transfer operator and zeta functions.
Structure of negatively curved manifolds.

Lectures: Hyperbolic geometry. Infinite groups as geometric objects. Ergodic theory and
subshifts of finite type. Geodesic and horocycle flows. Structure of hyperbolic groups. Symbolic
dynamics, concrete examples. The limit set and Patterson measure. Closed geodesies and zeta
functions. Möbius structures and the circular flow on Riemann surfaces. Continued fractions and
related transformations. Horocycle-like flows and diophantine approximations. Renewal theorems
and tesselations. Ergodic theory of billiards with hyperbolic behaviour. Superhyperbolic
geometry. Sullivan's non-wandering domains theorem - a sketch of the proof.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
3

16
16
2

13
-

50

Industrialized
-
3

29
4
-
1

37

TOTAL
3

19
45

6
13

1
87
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Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

21
66
31

1
140

Title: TOPICAL MEETING ON VARIATIONAL PROBLEMS IN ANALYSIS

Dates: 28 August - 8 September 1989.

Organizers: Professors A. Ambrosetti (Scuola Normale Superiore, Pisa, Italy) and D.G.
de Figuereido (Universidade Estadual de Campinas, Brazil).

Purpose: To deal in depth with very recent research problems in this field.

Programme: Topics: Hamiltonian systems.
Crystals and calculus of variations.
Nonlinear elasticity.
Change of phase problems.
Elliptic problems.

Lectures: New contexts and old theories. Some semilinear elliptic problems. Variational
aspects of hydrodynamic problems. Semilinear elliptic equations with nonlinearity crossing all
eigenvalues but a finite number. Approximation methods for some nonlinear problems. The
Palais-Smale condition versus coercivity. Morse theory for Harmonic maps. Relative category
and Hamiltonian systems with periodic Hamiltonian. On the exact number of solutions for an ODE
through Morse index computation. Simplicity and isolation of the first eigenvalue of the p-
Laplacian. On the singular set of the Ambrosetti-Prodi problem. Existence of solutions for
resonant elliptic problems. Bifurcation from infinity in nonlinear elliptic equations involving the
critical Sobolev exponent. Variational problems: topology and physics. Elliptic problems. Periodic
solutions for Hamiltonian systems in a nonconvex potential well. Multiple solutions for
superlinear elliptic equations. A strong resonance problem. Shape optimization for Dirichlet
problems: relaxed solutions and optimality conditions. Plateau problem of minimal surfaces in
Riemann manifolds. Periodic solutions of the first order dynamical system. Ordinary differential
equations with impulses: a control theory applications. Crystal microstructure, Young measures,
and variational problems of elasticity theory. Variational identities and elementary applications.
Periodic solutions of superquadratic Hamiltonian systems. Nontrivial solutions and eigenvalue
problems for Monge-Ampère type equations. Critical exponents and critical dimensions for
semilinear equations. Nonlinear elliptic equations at a critical exponent. The Graetz problem - a
variational treatment of a non self-adjoint equation. Asymptotic behaviour for nonlinear ordinary
differential equations. Mathematical theory of stationary miscible filtration. On the Grad-
Shafranov equation. A note of eigenvalue problems of elliptic equations of high order. On the
generalized Arnold conjecture for (CPn, FiPn) and (CPnx CPn, RPn).

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
14
19
7
2
8

50

Industrialized
-
-

35
5
-

4 0

TOTAL
14
19
42

7
8

9 0
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Directors and Lecturers
Participants
Member states represented
Applications received

13
77
39

265

Title: COLLEGE ON DIFFERENTIAL GEOMETRY

Dates: 30 October - 1 December 1989.

Organizers: Professors J.P. Bourguignon (Ecole Polytechnique, Palaiseau, France), M. do
Carmo (Instituto de Matemätica Pura e Aplicada, IMPA, Rio de Janeiro, Brazil), H.B. Lawson Jr.
(State University of New York at Stony Brook, USA) and R. Tribuzy (University of Manaus,
Brazil).

Purpose: To introduce participants to various aspects of differential geometry to survey
current related knowledge and to draw attention to research problems and applications.

Programme: Topics: Immersions of Riemannian manifolds.
Curvature and topology.
Harmonic functions.
Differential geometry and analysis.
Differential geometry and physics.

Lectures: Basic Riemannian geometry. A historic overview of the programme. Function
theory and minimal surfaces. A theory for turbulent dynamics. Spaces of Riemannian manifolds.
Linear analysis for the geometer. Toponogov theorem with applications. Differential forms and
applications. Topology and geometry of minimal surfaces. A report on the classification of
complete manifolds with non-negative curvature operators. Generic minimal surfaces.
Pseudospherical surface equations and Bäcklund transformations. Isoparametric submanifolds in
semi-Riemannian spaces. On the existence of minimal surface with free boundary. Nonlinear
analysis for the geometer. Examples of minimal surfaces. Kahler submanifolds of the Euclidean
space. Weierstrass' representations for superminimal surfaces in S4. Lower bounds for the
Morse index of a minimal surface in R3. Constant mean curvature foliations of Riemannian
manifolds. Moduli of genus zero superminimal surfaces in S4. Escaping harmonic maps: an
example. Constant mean curvature tori. Multiple solutions to Plateau and Douglas problem in
Riemannian manifolds. Minimal submanifolds and generalizations of the Cauchy-Riemann
equations. Some geometric models in the natural sciences. Some new results in surface theory.
Minimal hyperspheres in symmetric spaces. Harmonic maps heat flow in dimension two. Real
isometric immersions of Kahler manifolds. On the existence of minimal surfaces supported by
thin obstacles. Variational techniques in geometry. Isoperimetric inequalities: an introduction.
Invariant tensors and homogeneous spaces. Spherical-type hypersurfaces in a Riemannian
manifold. Inner type isometries on Lie groups. Manifolds of negative curvature. An intrinsic
multidimensional geometric generalization of the wave and sine-Gordon equations. Mean
curvature functions for codimension-one foliations. Curvature properties of twistor spaces.
Geometric invariants associated to the space of flat connections. Harmonic morphisms and three-
dimensional geometry. What is a twistor? A class of totally geodesic foliations of Lie groups.
Regularity theory on p-harmonic obstacle problems. The normal connection and isoparametric
submanifolds. De Rham's theorem for singular varieties. Convergence of metrics. Einstein
metrics. Geometric quantization of homogeneous symplectic manifolds. Construction of harmonic
maps between pseudo-Riemannian manifolds. The geometry of R-spaces. Isotropy irreducible
Riemannian manifolds. Cheeger-Gromov convergence under Ricci curvature bounds. Removable
singularities of Einstein metrics. Einstein metrics on principal torus bundles. Cohomogeneity one
Riemannian manifolds. The Futaki invariant. Hermite-Einstein metrics and stability of bundles.
Algebraic construction for Hermite-Einstein metrics and compactification of the moduli spaces.
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On the second fundamental form of an Einstein 4-submanifolds in E6. Kähler-Einstein metrics and
stability of the tangent bundle. Moduli of Einstein metrics. Inequalities for the sectional curvature
and the Ricci curvature of submanifolds. Geodesic sprays and universality. G2-stable bundles and
algebraic completely integrable systems. Calabi-Yau metrics on the Fermât surface. Isometries
and totally geodesic submanifolds.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
19
32
23

6
30

1 1 0

Industrialized
-
2

56
12

-
7 0

TOTAL
19
34
79
18
30

1 80

Directors and Lecturers
Participants
Member states represented
Applications received

29
151
41

551
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PHYSICS AND ENERGY

Title: FOURTH WORKSHOP ON PERSPECTIVES IN NUCLEAR PHYSICS AT INTERMEDIATE
ENERGIES

Dates: 8 - 12 May 1989.

Organizers: Professors S. Boffi (Université di Pavia, Italy), C. Ciofi degli Atti
(Université di Perugia and INFN, Italy) and M. Giannini (Université di Genova and INFN, Italy), in
co-operation with the Istituto Nazionale di Fisica Nucleare (INFN, Rome, Italy).

Purpose: To review recent advances and explore future trends in the investigation of
nucléon and nucléon structure.

Lectures: QCD and nuclei. Nucléon structure. Nucléon structure and chirality. Photo- and
electrodisintegration of relativistic nuclei. Electromagnetic production of mesons and nucléon
resonances from the nucléon and the deuteron. Coherent (y, n°) on nuclei. Deuteron
photodisintegration. One- and two-nucleon emission in photonuclear reactions. Exclusive
photo re actions on light nuclei. Photonuclear reactions at intermediate energies. Hard processes in
nuclei. Nucléon structure functions in nuclei. Deep inelastic lepton scattering. Many-body
treatment of deep inelastic lepton scattering. The CEBAF status report. The TRIUMF kaon factory.
Realistic nucléon-nucléon potentials in application to few-body systems. The structure of the
nuclear wave function. The role of tensor force in magnetic states of heavy nuclei. Single particle
occupation numbers and natural orbitals in the generator coordinate method. Medium effects on
the form factors of the nucléon. Intermediate energy nuclear physics with electrons and protons.
(p,n) and (n,p) reactions. Few-body problems in relativistic light cone dynamics. Projectile
fragmentation on light nuclei. Single particle energies in local density approximation. High
momentum transfer experiments on the nucléon and the deuteron. Inclusive electron scattering at
high momentum transfer. NN correlations and electron scattering. Proton polarization in quasi-
free (e,e'p) reactions. Vacuum fluctuation contribution to quasi-elastic scattering. Spectral
function and electromagnetic responses in nuclear matter. Longitudinal and transverse inclusive
response functions. Coincidence experiments in the GeV region. Inclusive electron scattering on
nucléon and few-nucleon systems. Inclusive experiments on leed at Saclay. Exclusive
experiments on 6Li. (e,e'p) coincidence experiments at Bates. Exclusive experiments on heavy
nuclei. Antiproton-proton scattering. Proton-antiproton annihilation in the quark model. Low
energy antinucleon-nucleon physics. Antinucleon-nucleus interactions. Electric polarisability of
the nucléon. Quadrupole excitation of the A resonance. Threshold n° photoproduction and chiral
symmetry. Excitation of the A resonance. Pion photoproduction in nuclei. Pion electro- and
photoproduction in nuclei.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
6

15
1 1

-
1

33

Industrialized
-
1

76
14

-
9 1

TOTAL
6

1 6
87
14

1
1 24

Directors and Lecturers
Participants
Member states represented
Applications received

49
75
28

165
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Title: SPRING COLLEGE ON PLASMA PHYSICS

Dates: 15 May - 9 June 1989.

Organizers: Professors R. Bingham (Rutherford and Appleton Laboratories, Chilton, UK),
B. Buti (Physical Research Laboratory, Ahmedabad, India), V. de Angelis (University of Naples,
Italy), M.H.A. Hassan (Third World Academy of Sciences, Trieste, Italy), Yu-Ping Huo (Institute
of Plasma Physics, Hefei, P.R. China), Sing Lee (University of Malaya, Kuala Lumpur, Malaysia),
S. Mahajan (University of Texas at Austin, USA), B. McNamara (Leabrook Computing Ltd.,
Oxford, UK), P.M. Sakanaka (Universidade Estadual de Campinas, Brazil) and N.L. Tsintsadze
(Academy of Sciences of the USSR, Tbilisi, USSR).

Purpose: To review recent advances in plasma physics research.

Programme: Topics: Space and astrophysica! plasmas.
Large amplitude waves and fields in plasmas.
Magnetically confined plasmas.
Small scale laboratory plasma physics experiments.
Third World fusion programmes and South-North
collaboration.

Lectures: MHD oscillations in the sun. Plasma turbulence and electrojet phenomena.
Alfvenic turbulence in beam-plasma systems. Auroral electron acceleration. Planetary plasma
physics. Chaotic Alfven waves. Plasma physics via solar radioastronomy. Introduction to the
physics of large amplitude plasma waves. Nonlinear effects in plasmas. Excitation of large
amplitude plasma waves. Modulational instabilities. The modulational instability of copropagating
and counterpropagating waves. Relativistic effects in plasmas. The compression of plasma by the
self-focusing of short e.m. pulses. Nonlinear dynamics of e.m. waves/beams in plasmas.
Relativistic instabilities of large amplitude waves in plasmas. Theory of phase conjugation in
plasmas. Nonlinear evolution of Raman scattering. Accelerators for the 21st century. Laser
plasma interactions. The nonlinear optics of plasmas: experimentalists' view. The beat-wave
accelerator: simulation results and thermal wavebreaking. Laser-plasma interactions: recent
experimental results. The beat-wave experiments. The wake-field experiments. A scaled beat-
wave experiment with microwaves. Acceleration of charged particles at the non-linear stage of
long-wavelengths plasma instabilities. Cold nuclear fusion - a recent review. Plasma turbulence:
introductory review. Cavition dynamics in strong Langmuir turbulence. Phase space diffusion in
turbulent plasmas. Kinetic processes for high energy particles in magnetic active laser-produced
plasma. Stimulated scattering of large amplitude waves in the ionosphere: a theoretical review
and experimental results. Simulations of ultra-strong Langmuir turbulence. Driven Alfven
vortices. Statistical acceleration of auroral electrons. Plasma lenses. Plasma wigglers.
Saturation and cross-field coupling of beat-driven 3-D plasma waves. Wave envelope simulations
of beat waves. Short laser pulses: wake-beat excitation of large amplitude plasma waves.
Parametric processes in plasmas. Fluctuations and anomalous transport. R.F. heating and current
drive. Magnetohydrodynamics. Muon catalyzed fusion. Reduced kinetic descriptions: gyrokinetics
and quiver kinetics. Computer simulation. Kinetic theory. Cold fusion. Overview of the Third
World Fusion programmes. Fusion programmes in: Argentina, Brazil, China, Egypt, India,
Malaysia and Pakistan. International collaboration in fusion research. Small Tokamak
experiments. Field reversed configuration experiments. Rotamak. Muon-catalysed fusion: a brief
history. Hydrogen in metals. D20 - Electrolysis with Pd-cathode. Experiments on the verification
of cold fusion. Electric probe measurements. Technology of REB & FEL. Plasma focus. Pulse
technology. Pinches/plasma focus. State of the art of "cold fusion". Optical diagnostics. Basic
plasma experiments. Diagnostics. A small research Tokamak-Central Research Institute for
Physics, Budapest, Hungary. Dimensionality of density fluctuations in TBR-1. Model for decay of
field reversal configurations. Observation of low-frequency instabilities in a toroidal magnetic
field. Anomalous particle diffusion through a magnetic picked fence. Study of insulator sleeve and
ceiling effect in matter-type plasma focus. Plasma focus neutrons: half life measurements of
short-lived isotopes. Magnetic field and current field distribution profiles in 3.6 KJ UNU/ICTP
PFF device. Studies of the operational modes of a low energy vacuum spark. Target techniques
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for the study of neutron production mechanism in a focus plasma. Effect of magnetic field and its
configuration on the output of duoplasmatron. A current - stepping technique to enhance pinch
compression - an experimental study. Ion acoustic Eigen modes in a collisionless bounded plasma.
Ion diagnostics. Effect of edge electric field in a toroidal plasma.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developinq
19
57
17

-
2

1 1
-

1 06

Industrialized
-
4

40
1

18
-
3

6 6

TOTAL
19
61
57

1
20
1 1
3

1 72

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

57
115
44

2
412

Title: WORKSHOP ON MATERIALS SCIENCE AND PHYSICS OF NON-CONVENTIONAL ENERGY
SOURCES

Dates: 1 1 - 2 9 September 1989.

Organizers: Professors D. Nobili (Laboratorio di chimica e tecnologia dei matériau e
componenti elettroniche, LAMEL, Bologna, Italy), A.A.M. Sayigh (Engineering Department,
University of Reading, UK) B.O. Seraphin (University of Arizona, Tucson, USA) and G. Furlan
(University of Trieste and ICTP, Italy), with the co-sponsorship of the Direzione Generale per la
Cooperazione allo Sviluppo (Italian Ministry of Foreign Affairs, Rome, Italy) and Consiglio
Nazionale delle Ricerche, CNR (Rome, Italy).

Purpose: To deal with those aspects of materials science which are particularly relevant
to solar energy conversion and storage, as well as applied aspects and concrete realizations of
the same subject matters.

Lectures: Devices and optics for P.V. conversion. Materials for energy-efficient
windows: survey. Large-area chromogenics for transmittance control. Activities at the ENEA
Laboratory. Mono/poly-crystalline Si-cells. Fundamentals of amorphous silicon semiconductors.
Transparent insulation materials and their application in solar thermal energy conversion. Basic
physics of amorphous silicon solar cells. Design and matching for P.V. systems. Present research
activities at Conphoebus (Catania, Italy). Amorphous silicon cells - production technology. The
Portici Laboratories (Naples, Italy). The Delphos Project (ENEA, Rome, Italy). An overview of
P.V. technologies. Amorphous semiconductors: silicon-based alloys. Towards a network of
centres of international scope on NRSE. Electromicroscopy of semiconductor materials. Solar cell
performance characterization. Economic aspects of P.V.: costs of production of P.V. modules.
Microanalysis of P.V. devices. Mini-hydropower. State of the art of wind energy. Thin films for
S.E. conversion. Tandem amorphous solar cells. An overview of activities in P.V. Economic
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aspects of P.V.: economics of P.V. applications. Research activities in P.V. Adaptation control
techniques for optimized management of P.V. systems. Chemistry and technology of MOVPE for
semiconductor devices. Storage. The mechanism and efficiency of photosynthesis.
Telecommunication systems and sources of energy for TLC. Standards and qualifications for P.V.
sources. P.V. stand alone systems and P.V. hybrid systems - examples. Review of the activity in
biogas and anaerobic digestion. Biomass as an energy resource. Solid liquid junction for solar
energy conversion. Electrochemical energetics. Characterization of solid electrolytes. Solar
energy activities in Arab countries. Highlights from the Tokyo conference. Materials for
nonconventional electrochemical energy sources and optical displays. Amorphous and
polycrystalline semiconducting electrodes for photoelectrochemical solar cells.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
60
59
29

7
8

1 63

Industrialized
-
-

37
5
-

4 2

TOTAL
60
59
66
12
8

205

Directors and Lecturers
Participants
Member states represented
Applications received

40
165
55

603

Title: WORKSHOP ON INTERACTION BETWEEN PHYSICS AND ARCHITECTURE IN
ENVIRONMENT CONSCIOUS DESIGN

Dates: 25 - 29 September 1989.

Organ izers : Professors F. Butera (University of Palermo, Italy), O. Corbella
(Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil) and A. De Carli (Comitato
Nazionale per la Ricerca e per lo Sviluppo delFEnergia Nucleare e délie Energie Alternative, ENEA,
Rome, Italy), with the co-sponsorship of the Direzione Generale per la Cooperazione allo Sviluppo
(Italian Ministry of Foreign Affairs, Rome, Italy) and ENEA.

Purpose: To bring together physicists, engineers, computer analysts and architects for a
multidisciplinary critical analysis of the topics mentioned here below.

Programme: Topics: The impact on the architectural design process of the tools
developed for the management of energy and environmental
issues; their structure and characteristics.
The impact of new technologies and materials.

Lectures: Principles of thermal comfort and cooling strategies. Physical principles
involved in natural cooling. Natural cooling in traditional and modern architecture.
Instrumentation and measurement methods. Monitored bioclimatic buildings. Introduction to
monitored bioclimatic buildings in Latisana (Italy). Computer aided learning in bioclimatic
architecture. TRNSYS code for bioclimatic building simulation. Computer simulations of
bioclimatic buildings visited in Latisana and comparison with measured data. Computer aided
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design and cooling issues: recent advances in simulation and in artificial intelligence applications.
Cooling for outdoor spaces. Architectural issues and design options: pilot experiment EXPO '92 in
Seville. Simulation, monitoring and evaluation of Project EXPO '92. Cooling technologies and
techniques by means of renewable energy sources. Lighting loads and new transparent materials.
Passive design concepts in Arab countries.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
North and Central America
South America
TOTAL

Developing
9
9
3
2
6

29

Industrialized
.
.

16
1
-

1 7

TOTAL
9
9

19
3
6

4 6

Directors and Lecturers
Participants
Member states represented
Applications received

12
34
23

144

46



PHYSICS AND ENVIRONMENT

Title: WORKSHOP ON RADON MONITORING IN RADIOPROTECTION, ENVIRONMENTAL
RADIOACTIVITY AND EARTH SCIENCES

Dates: 3 - 1 4 April 1989.

Organizers: Professors L Tommasino (Comitato Nazionale per la Ricerca e per lo
Sviluppo dell'Energia Nucleare e delle Energie Alternative, ENEA, Rome, Italy), H.A. Khan
(Pakistan Institute of Nuclear Science and Technology, Islamabad, Pakistan), and M. Monnin
(Laboratoire de Physique Corpuscolaire, Aubière, France), with the co-sponsorship of ENEA and
Direzione Generate per la Cooperazione allo Sviluppo (Ministry of Foreign Affairs, Rome, Italy)
and under the auspices of the International Nuclear Track Society.

Purpose: To deal extensively with radon monitoring by passive-type detectors (typically
damage track detectors) and its applications to different fields of science and technology.

Lectures: The natural environmental radioactivity and the radon gas. The evolution of
radiation; surveillance of the environment - the Italian experience. Indoor radon, health effects
and future research trends. Radon in indoor air. The dosimetry of Po-210. The sampling strategy
of national survey of radon. The radon chamber at NRPB and the intercomparison results. Active
radon monitors. Passive-type detectors. Damage track detectors for alpha particle registration -
track formation and detector processing. Radon monitoring in radioprotection (Algeria, Brazil and
Mexico). The Bare detector and survey results. Spark counter for alpha particle registration.
Radon monitoring in Peru mines. Plastic-bag radon gas monitor and survey results. The Bare
detectors for short-term measurements. Gamma spectrometry of natural radionuclides.
Laboratory experiments. Physical basis for radon emission and measurements; techniques (radon
emanation, diffusion and transport, models for precursor signals and techniques). Geological
prospection. Earthquakes: history and background; water measurements; soil measurements;
models. Radon monitoring aimed to the study of seismic processes. Radon measuring in Hungary.
Volcanoes: history and background; water measurements; soil measurements; models.
Geochemistry applied to volcanic surveillance. Results of the present international collaboration
on radon monitoring. Radon measurements in dwellings (China). Radon measurements in
Bangladesh. Radon measurements in mines and caves (Hungary). Radon measurements in North
Eastern of India. Radon survey in Saudi Arabia. Radon monitoring in earth sciences (Mexico).
Radon as a signal to locate geothermal energy fields. Exposure to radon in houses in Adana. Radon
measurements in houses in Kuwait. Radon measurements and Monte Carlo programme for
efficiency calculations. The measurement of volume activity of radon in soil gas of bedrock of
buildings. Radon monitoring in Amritsar (India). Measurements of uranium, radium and radon
emanation rates in Monica phosphate sample. Radon measurements in dwellings in Madras City.
Environmental radioactivity programmes in Egypt. Different examples of international scientific
networks.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
16
22
12

1
6
6
-

6 3

Industrialized
-
-

30
-
3
-
1

3 4

TOTAL
16
22
42

1
9
6
1

9 7
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Directors and Lecturers
Participants
Member states represented
International Organizations
Applications received

24
73
44

1
184

Title: COLLEGE ON SOIL PHYSICS

Dates: 9 - 27 October 1989.

Organizers: Dr. D. Gabriels (State University of Ghent, Belgium), Prof. I. Pla Sentis
(Universidad Central de Venezuela, Maracay, Venezuela), Dr. E. Skidmore (U.S. Department of
Agriculture, Manhattan, Kansas, USA), and Prof. G. Ghirardi (University of Trieste and ICTP,
Trieste, Italy), with the co-sponsorship of the Direzione Generate per la Cooperazione allo
Sviluppo (Italian Ministry of Foreign Affairs, Rome, Italy)

Purpose: To provide participants with a fundamental understanding of soil physical
properties and processes so that they may apply the knowledge gained to solving problems in soil
physics.

Programme: Topics: Soil and soil properties (intrinsic and variant).
Soil measurement techniques.
Soil-water (infiltration, irrigation, drainage, water
balance).
Spatial variability of soil physical properties.
Erosion processes (wind and water erosion).
Soil management.

Lectures: The soil resources: classification of the soils of the world with reference to
the soil physical aspects. Soil composition. Soil structure formation. Soil mechanical aspects.
Water erosion processes: parameters. Modelling water erosion processes. Soil conservation
techniques. Soil management principles. Rainfall, infiltration, crusting. Magnetic soils on Earth
and Mars. Examples: soil erosion, soil conservation. Measurement of soil physical properties.
Soil water potential - tensiometers. Soil imagery techniques: some results. Soil water potential -
tensiometers: practical applications. Unsaturated waterflow. Wind erosion. Water balance:
principles. Theoretical basis of neutron and gamma density gauges. Methods of calibration. Field
applications. Introduction to the infiltration process. Evaluation of field infiltration tests. Water
balance studies. Analytical solutions for flow of water in unsaturated soils: transient one-
dimensional flows and steady multi-dimensional flows. Physical aspects of growth and functioning
of plant roots. Movement of solutes. Movement of solutes: practical aspects. Spatial variability
of soil physical properties: theory and sampling; modelling; practical examples. Scaling. Water
balance studies.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
26
21

5
2
1

15
-

70

Industrialized
-
-

25
-
2
-
2

29

TOTAL
26
21
30

2
3

15
2

9 9
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Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

21
78
42

1
271

Title: THIRD AUTUMN WORKSHOP ON ATMOSPHERIC RADIATION AND CLOUD PHYSICS

Dates: 27 November - 15 December 1989.

Organizers: Professors E.E. Balogun (Obafemi Awolowo University, lle-lfe, Nigeria), J.
Latham (University of Manchester, UK), R. Rizzi (University of Bologna, Italy) and F. Stravisi
(University of Trieste, Italy), with the co-sponsorship of the Direzione Generale per la
Cooperazione allo Sviluppo (Italian Ministry of Foreign Affairs, Rome, Italy).

Purpose: To encourage research collaboration between universities and institutions in
developing countries on projects in physics, observations, modelling and climatology of
atmospheric radiation, clouds and precipitations.

Programme: Topics: Cloud physics.
Radiative transfer in a cloudy atmosphere.
Clouds' radiative effects on climate.
Remote sensing in the presence of clouds.

Lectures: Could physics and microphysical processes. Principles and general equations of
radiative transfer. Cloud radiation interaction. Cloud dynamics and models. Radiative transfer in
the visible. Cloud physics instrumentation. Interaction of radiation and clouds. Satellite
meteorology. Parameterization of cloud effects on radiation in GCM. Radiation schemes in climate
models. Radiation budget of the atmosphere. Cloud structures in space and time. Measurement of
cloud parameters from the ground. Cloud radiative forcing of climate. Trace gases and climate
problems. Measurement of cloud parameters using AVHRR. Radiative properties of cirrus clouds.
Cloud radiation interaction. Principles of remote sensing of atmospheric parameters from space
(RSA). Effects of clouds on remote sensing of atmospheric parameters. Review of cloud clearing
techniques. 3-step decoding. Cloud identification and declouding at L.M.D.

Summarized data on the participation
(Number of scientists by world regions}

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
TOTAL

Developing
22
19

8
-
1
6

5 6

Industrialized
-
-

20
1
3
-

2 4

TOTAL
22
19
28

1
4
6

80

Directors and Lecturers
Participants
Member states represented
Applications received

22
58
40

206
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APPLIED PHYSICS

Title: COURSE ON BASIC TELECOMMUNICATIONS SCIENCE

Dates: 9 January - 3 February 1989.

Organizer: Professor J. Van Bladel (International Union of Radio Science, URSI), with
the co-sponsorship of the Direzione Generate per la Cooperazione allo Sviluppo (Italian Ministry
of Foreign Affairs, Rome, Italy).

Purpose: To be a continuous training activity to update scientists and engineers engaged
in or to be introduced to research and development, particularly in Asian, African and Latin
American countries.

Programme: Topics: Introduction: generalities of the telecommunications
problem.
Refresher course on advanced mathematical analysis.
Fourier transforms, sampling processes (discrete and fast
Fourier transform).
Basic concepts of information theory.
Noise in communication systems. Spread spectrum
techniques.
Analog modulation systems.
Digital modulation systems.
Coding, multiplexing, spectrum management, data
communications systems.
Refresher course on electromagnetic theory.
Transmission lines.
Optoelectronic devices.
Antennas, antenna arrays.
Propagation in the atmosphere and ionized media.
Satellite communication systems.
Remote sensing.

Lectures: Response of linear systems. Fourier integral. Use of PC. Frequency response
of linear systems. Impulse response. Systems 1: telecommunication systems, ISDN. DFT and
FFT. Noise and probability. Baseband pulse transmission. Systems 2: Transmission media, guided
waves. Analogue modulation. Analogue modulation of carriers. Angle modulation. Systems 3:
transmission media, radio. Frequency modulation. Bandpass signals and noise. Probability
distributions. Systems 4: radio system path loss. Random numbers probability. Digital
modulation of carriers. Detection of digital modulation. Information theory and Shannon. Noise
and simulation. Error rates with digital modulation. Error rates; Mary systems. Systems 5:
broadcasting. ITU, CCIR, CCITT, EBU, ABU. Coding. Detection of coded signals. Systems 6: case
study. Radio relay design study. Detection of coded signals, equalisation. Spread spectrum
techniques, DS. Satellite system design study. Spread spectrum systems. Encryption. Maxwell
equations. Formulation of a typical integral equation - demonstration on PC. Far field. Scattering
cross-section. Elements of relativity; Doppler effect. Transmission lines. Basic equations. Smith
chart; exercise on matching; solution of problems by finite differences. Field expansion in
waveguides. Introduction to optical electronics. Transmission characteristics of optical fibres.
Variational procedures; solution of problems by finite elements methods. Optical fibres. Emitting
diodes. Experiment based on an acoustic waveguide. Detectors, special optical fibres, sensors.
Optoelectronics. Far field of a source; multiple expansion; linear antennas; the radar equation.
Green's functions an dyadics. Wave propagation in a rainy environment. Rainfall data. Rain
induced attenuation. Propagation effects in the clear atmosphere. Elements of ionospheric
propagation. Introduction to satellite communication. Satellite systems. Applications.
Communications techniques. Economic considerations. Earth observation system: technical
introduction; characterization of remote sensing physics; instruments for earth observation;
data dissemination. Future scenarios.
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Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
21
33

4
1
3

12
-

7 4

Industrialized
-
-
9
1
-
-
1

1 1

TOTAL
21
33
13

2
3

12
1

85

Directors and Lecturers
Participants
Member states represented
International organizations represented
Applications received

12
73
41

1
197

Title: COLLEGE ON THEORETICAL AND EXPERIMENTAL RADIOPROPAGATION PHYSICS

Dates: 6 - 24 February 1989.

Organizers: Professors F. Marian! (II University of Rome, Italy) and S. Radicella
(Programa Nacional de Radiopropagaciôn, PRONARP, Argentina), with the co-sponsorship of the
Italian Direzione Generale per la Cooperazione alo Sviluppo (Ministry for Foreign Affairs, Rome,
Italy).

Purpose: To gather physicists or electronic or telecommunications engineers engaged in
radiopropagation research and development, particularly in African, Asian and Latin American
countries, in order to review theoretical and experimental aspects of the subjects.

Programme: Topics: Ionospheric physics.
Theory of ionospheric radiopropagation.
Measurement techniques and analysis of ionospheric
parameters.
Physics of the tropospheric propagation.
Measurement techniques of tropospheric radiopropagation
parameters.
Radio noise theory and measurements.

Lectures: Research objectives of the Tethered satellites. Upper ionosphere and
magnetospheric-ionospheric coupling. Ionospheric vertical soundings. ICS and ICTO new
activities related to the topics of this college. The middle atmosphere. IRI and its use for
radiopropagation. Statistical analysis of ionospheric parameters including correlation studies
with other geophysical and solar data. Ionospheric physics in relation to radiopropagation. Low
latitude atmosphere phenomena. Faraday rotation measurements. The importance of the
ionosphere in modern satellite communications. Raypaths in the ionosphere. Magnetoionic theory.
Raytracing. Low latitudes problems in ionospheric communications. Ionospheric absorption
techniques and results. Oblique and backscatter sounding. Propagation and system performance
predictions at HF. Radiopropagation knowledge for design of high reliability HF links.
Atmospheric refractive index. Procedure for calculating electron density profiles from vertical
incidence sounding I ionograms. Field strength estimation of abnormal long distance VHP and
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upper HF bands propagation via sporadic-E. Precipitation and atmospheric gases. Problems of
expert system in ionospheric informatics. Measurements techniques of tropospheric
radiopropagation parameters. Some aspects of radiowave propagation in the troposphere. Radio
noise theory and measurement. Space orchestra: radio sounds from space. Spectrum
management.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
TOTAL

Developing
19
23

5
1
2

19
6 9

Industrialized
-
1

17
-
1
.

1 9

TOTAL
19
24
22

1
3

1 9
8 8

Directors and Lecturers
Participants
Member states represented
Applications received

26
62
39

177

Title: WORKSHOP ON REMOTE SENSING TECHNIQUES WITH APPLICATIONS TO
AGRICULTURE, WATER AND WEATHER RESOURCES

Dates: 27 February - 21 March 1989.

Organizers: Professors V. Cappellini (Istituto di Ricerca sulle Onde Elettromagnetiche,
IROE, Florence, Italy) and Prof. M.H.A. Hassan (Third World Academy of Sciences and ICTP,
Trieste, Italy). Dr. R. Carla (IROE) acted as Head of the laboratory. Co-sponsorship by the Italian
Direzione Generale per la Cooperazione allo Sviluppo (Ministry of Foreign Affairs, Rome, Italy).

Purpose: To provide the basic scientific background for researchers and users interested
in remote sensing and its applications. The aim of the laboratory exercises was to improve the
operator's ability in remote sensing data interpretation and digital imaging processes, in
connection with the extraction and evaluation of environmental information.

Programme: Topics: System view of remote sensing.
Physical aspects of remote sensing.
Data acquisition and distribution.
Data processing techniques.
Remote sensing of weather and climate.
Water resources assessment.
Remote sensing applications in agriculture.
Cartography and mapping by remote sensing.
Laboratory activity.

Lectures: Remote sensing of the air, land and sea. Remote sensing systems: basic
concepts. Radiometers, scanners, multi-spectral scanners. Electromagnetic radiation: Plancks,
Rayleigh-Jeans laws, radiation from sun, Maxwells equations. Concepts of remote sensing in
visible IR, thermal and microwave regions of EMR. Atmospheric absorption/transmission bands -
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model for atmospheric corrections. Introduction to digital image processing for remote sensing
applications. Operative sensors. Operational satellites. Dielectric concepts of moist soils -
Emission/scattering properties. Radiative behaviour of ground features; concept of spectral
signature. Image processing systems and design concepts. Digital image processing fundamentals.
Ground receiving stations. Data distribution services. Geometric correction techniques.
Radiometrie calibration and atmospheric correction fundamentals. Statistical based preprocessing
techniques. Colour enhancement principles and techniques. Multispectral and multi-images
processing. Principal component analysis. Fundamentals of pattern recognition and thematic
information extraction. Frequency characterization and analysis techniques. 2-D digital
transformations. Data compression techniques. Digital filtering and applications. Local operator
techniques for structure detection. Image restoration and noise removal. Future perspective and
trends on digital image analysis techniques for remote sensing applications. Cloud physics
processes relevant to radar meteorology. Recent development in radar meteorology. Satellite
investigation of clouds and clouds structure. Forecast of intense rainfall by satellites.
Geographical information systems. Soil/atmosphere processes. Atmospheric boundary layer
model. Analysis and interpretation of thunderstorm images. Rainfall estimation techniques.
Applications of remote sensing for desert lands discrimination and soil classification in arid
regions. Integrated remote sensing and aeromagnetic maps for localizing ground water mega-
aquifers in arid regions: a case study in the Sinai peninsula. Geographical information systems.
Analogical picture transmission (APT) - characteristics and ground receiving station. Flood plain
mapping and monitoring of floods. Hydrological basin models. Analysis techniques for vegetation
identification. Agricultural resource surveying and monitoring. Land surface processes:
desertification. Arid and semi-arid land monitoring. SPOT imagery applications. Graphical
demonstrations of fluxes in the atmosphere. Unconventional resorts in photographic analysis in
geology. Surface dripping study on the Argentine Puna through synoptic processes low-cost
orbital scenes analysis. Paleo-aeolian morphology and natural obstruction of superficial water
dripping at the Argentine pampean plain through orbital standard scenes observation. Microwaves
remote sensing of soil moisture: elimination of texture effect. Remote sensing applications to
hydrology in Nigeria: examples from Jos Plateau and South Central Nigeria. A temporal study of
waterlogging in canal command area using remote sensing techniques. Convective storms - the
AVHRR Channel 3 cloud top reflectivity as a consequence of internal processes. Remote sensing
test site of Jingyuetan; an ideal test site for comprehensive remote sensing studies. Chinese
polar orbit meteorological satellite FY1. Forest survey from satellite imagery. Detecting
hydrobiologica! parameters with Landsat 3: summer 1981 data. Digital image processing of
remotely sensed data and its applications in hydrology and agriculture - some case studies. Indian
remote sensing satellite (1RS-1A) - an overview.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
22
28

6
2
4

14
.

7 6

Industrialized
-
1

22
-
1
-
1

2 5

TOTAL
22
29
28

2
5

14
1

1 01

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

26
75
40

1
293
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Title: SECOND ICFA SCHOOL ON INSTRUMENTATION IN ELEMENTARY PARTICLE PHYSICS

Dates: 12 - 23 June 1989.

Organizers: Professors C.W. Fabjan (CERN, Geneva, Switzerland), J.E. Pilcher
(University of Chicago, USA) and P. Poropat (University of Trieste, Italy), with the assistance of
the ICFA Panel for Future Instrumentation, Innovation and Development. Co-organizers: ICFA and
Istituto Nazionale di Fisica Nucleare (INFN, Trieste, Italy). Co-sponsorship of the Direzione
Generale per la Cooperazione allo Sviluppo (Ministry of Foreign Affairs, Rome, Italy), the
European Organization for Nuclear Research (CERN) and the United State National Science
Foundation (NSF).

Purpose: To emphasize the didactic treatment of the principles of detectors and to
provide information on trends in instrumentation and detector requirements at the upcoming or
planned accelerator facilities.

Programme: Topics: Physics of particle detectors (gaseous and solid state
devices, calorimetry, electronics).
Applications (particle physics, biology, cosmology).

Lectures: Introduction to laboratory sessions. Gaseous detectors. Physics limitations to
particle detection. Electronics. Data acquisition and processing with small computers. Conceptual
design of collider experiments. Calorimetry. Detectors for astroparticle physics.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
2

20
5
2

1 1
-

4 0

Industrialized
-
-

42
14

-
6

6 2

TOTAL
2

20
47
16
1 1

6
102

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

31
71
28

2
171

Title: FIFTH COLLEGE ON MICROPROCESSORS: TECHNOLOGY AND APPLICATIONS IN
PHYSICS

Dates: 2 - 27 October 1989.

Organizer: Mr. C. Verkerk (CERN, Geneva, Switzerland). Dr. Dai Jialin (P.R.
China/ICTP) acted as Head of the Laboratory. Co-sponsorship of the Direzione Generate per la
Cooperazione allo Sviluppo (Ministry of Foreign Affairs, Rome, Italy) and of the United Nations
University (Tokyo, Japan).
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Purpose: To bring participants, in a period of 4 weeks, to a level which would enable
them to develop microprocessor-based systems and to use them efficiently.

Programme: Topics: General introduction to microprocessors.
Microcomputer hardware: Architecture, interfacing, etc.
Assembly language programming.
Techniques for microprocessor project development.
Applications of microprocessors in various fields.

Lectures: Introduction to Logic. Introduction to (Micro)computers. Characteristics of the
6809. Assembly language programming. ROSY + FLEX. Microprocessor interfacing. The Colombo
'84 board. Personal computers in the USSR. Software tools and techniques. A/D, D/A and V/F
conversion. The Colombo '84 Kernel software. Bus basics. Software tools and techniques.
Transputers. Introduction to projects. Array logic. Maintenance. Other microprocessors. Real
time systems. Introducing the Microprocessors Laboratory and ROSY Junior. Computer modelling
of computer elements. Floating point. DSPs. Multichannel analysis.

Laboratory Sessions: Logidules, AND, OR, majority, full adder, flip flop. Shift
register, latch, counter, ALU. Rosy, demo hands-on, commands, debugging. Hand-coding. FLEX
introduction, commands, file system, editor, assembler. Flow of control, if...then...else,
while...do..., repeat...until..., case. Subroutines principals, parameter passing. I/O logidules on
Rosy, decoding, read/write registers. PIA basics, display on ICTP board. PIA control lines,
counters. Repetition, finish previous exercises, free programming. Interrupts logidules on Rosy,
interfacing to IRQ. D to A, DAC on logidules, voltage supply, function generator. A to D simple
DVM, successive approx. V/F, V/F conversion on ICTP board. Projects.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
24
54

3
2
6

1 1
-

100

Industrialized
-
-
9
-
1
-
4

1 4

TOTAL
24
54
12

2
7

1 1
4

1 1 4

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

23
91
44

3
621

Title: SECOND WORKSHOP ON TELEMATICS

Dates: 6 - 24 November 1989,

Organizers: Professors G. Perrucca (Centro Studi e Laboratori Telecomunicazioni,
CSELT, Turin, Italy) and M. Pitke (Centre for Development of Telematics, Bombay, India), with
the sponsorship of the Italian Direzione Generale per la Cooperazione allo Sviluppo (Ministry for
Foreign Affairs, Rome, Italy).
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Purpose: To focus on the fundamental aspects of digital communications and computers
and their role in evolving information networks of the future.

Programme: Topics: Fundamentals of digital communications.
Packet switching.
Networks and protocols.
ISDN.
New transmission and distribution media.
Video services.
Communications software.
Satellite networks.

Lectures: Telecommunications and informatics. Telematics and developing countries.
Telephony basics. Wide band network. Data transmission protocols. Digital transmission.
Switching. Packet switching. Digital signal processing. Telecommunication network. Telematics
and developing countries. LANS and WANS. Packet switching: practical aspects. Automatic speech
recognition. Introduction and speech synthesis. Satellite communication. Optical transmission
systems. Communication software. Cambridge HSLANs. Real-time applications on high speed
packet networks. VLSI.

Laboratory work: Electronic telephone. Speech Codec. Digital switching. Digital signal
processing. Digital tone generation. Telephony software. Data communication. Bit
synchronisation. PABX demonstration. Optical fibre kit demonstration.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
16
49
3
4

13
.

85

Industrialized
-
-
5
1
-
1
7

TOTAL
16
49

8
5

13
1

9 2

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

26
66
32

1
345

Title: ICTP-INFN COURSE IN BASIC VLSI (Very Large Scale Integration) DESIGN
TECHNIQUES

Dates: 6 November - 1 December 1989.

Organizer: Professor A.A. Colavita (Argentina and ICTP). Dr. S. Turrini (ICTP) acted as
Head of practical exercises. Co-sponsorship of the United Nations University (Tokyo, Japan) and
the Italian Direzione Generate per la Cooperazione allo Sviluppo (Ministry of Foreign Affairs,
Rome, Italy). Co-operation of ES2 - European Silicon Structures which provided the software
used during the Course.
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Purpose: To be a continuous training activity to introduce scientists and engineers to the
design of VLSIs.

Programme: Topics: Top-down digital design.
General VLSI design techniques.
Design of optimized gate arrays.
Formal verification of hardware.

Lectures: Course overview. Digital design: Boolean algebra; realizing logic in hardware;
building blocks for digital design; sequential machines; practicing design. Introduction to the
design of optimized arrays: overview; schematic capture; model language; simulation; analogue
cells; wave and physical design; generators and synthesis; requirements for tests; WDL
language; Solo 20XX presentation. VLSI technology: introduction to VLSI technologies; MOS
physics and design; CMOS processing technology and layout; logic and circuit design; system
design and design methods; CMOS subsystem design; new approaches for VLSI. Present and future
fabrication techniques: general overview of fabrication illustrated by means of the 7 mask NMOS
process; basic fabrication steps, viz. patterning (lithography), layering, etching and doping; new
technological trends, e.g. in situ process and nanometer technology.

Laboratory: Two-four line decoder. Basics of Unix: some basic commands and edit.
Model code and symbol editing. Bus construction and four-sixteen decoder. Ignition regulator.
Window detector. RAM module. Seven-segment BCD decoder.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
5

17
2
2

10
-

3 6

Industrialized
-
-
8
2
-
1

1 1

TOTAL
5

17
10

4
10

1
4 7

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

13
34
22

1
94
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PHYSICS OF THE SPACE

Title: WORKSHOP ON SPACE PHYSICS: MATERIALS IN MICROGRAVITY

Dates: 27 February - 17 March 1989.

Organizers: Professors V. Manno and H.U. Walter (European Space Agency, Paris,
France), with the co-sponsorship of the Italian Direzione Generale per la Cooperazione allo
Sviluppo (Ministry of Foreign Affairs, Rome, Italy).

Purpose: To give an overview of the present status of microgravity research.

Programme: Topics: Fluid statics and capillarity: fluid management systems in
space.
Fluid dynamics problems related to gravity.
Heat and mass transport.
Combustion.
Lévitation techniques and processing of glasses for
advanced applications.
Crystal growth of semiconductors.
Alloys for high temperature applications.
Crystal growth from solutions.
Protein crystallization.
Crystal growth of detector materials by vapour transport.
Microgravity-adapted processing technology.

Lectures: Microgravity environment. The space environment (effects). The scientific
programme of ESA: An overview. Testing Newtonian gravity in space. Present microgravity
systems/facilities. Future microgravity systems/facilities. A case study in materials research:
a-Hg!2, a room temperature semiconductor detector for x- and a-rays (Ground based research:
development of the material properties; vapour growth mechanisms; diffusion coefficient
measurement facility for vapour phase experiments; a new vapour growth facility for large
single crystals in space. Experimental results under microgravity.). The space infrastructure of
the nineties - The International Space station and the COLUMBUS Programme. Liquid menisci and
their stability. Thermodynamics of capillarity. Interfacial instabilities in liquid layers (interfacial
and volume instabilities in liquid layers; introduction to the phenomena and model approaches;
cellular convection and other steady modes of instability; oscillatory instabilities and waves at
interfaces; linear problems; harmonic oscillator description; oscillatory instabilities and waves
at interfaces; nonlinear theories and comparison with experiments and suggested experiments.).
Wetting and stability experiments performed in parabolic flights. Capillarity and materials
processing in spaces. Competition between spontaneous transverse and longitudinal waves at
liquid interfaces. Liquid-vapour and solid-liquid interfaces. Spacelab experiments on fluid statics
and stability. Transparent model experiments on the separation of monotectic alloys.
Thermodynamics and kinematics of surface phases. Volume and surface balance equations.
Entropy production and phenomenological relations. Order of magnitude analysis, Marangoni,
natural combined convection. Elements of thermodynamics and dynamics of line phases. Typical
problems in fluid sciences. Marangoni Stokes flows. Marangoni boundary layers. Experiment
classes, facilities and available platforms. Operational aspects of FS experiments. Tolerable G-
levels. Recent results in fluid dynamics. Marangoni Navier Stokes flows. Marangoni Navier
Stokes flows with deformable interfaces. Physiological effects of microgravity (heart and
circulation; the body fluids; pulmonary gas exchange; muscles and locomotion; the working man.).
Maintaining good health and performance in space. Life support requirements. Introduction to the
role of gravity in the growth and development of plants and to the operation of the gravity
sensing system in plant organs. Exploitation of the microgravity environment for study of basic
developmental processing and sensory systems in plants. The interface of physics and biology in
space. Experimental approach/results. Mechanisms/hypotheses. Basic research/biomedicine/
biotechnology. Crystal growth from the melt. Segregation and diffusive-convective transport.
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Solidification of metals. Crystal growth techniques. Interfacial momentum, heat and mass
transport. Gravity level requirements for Bridgman crystal growth. Crystal growth: results
from experiments. Mass transport by diffusion. Theory of phase transitions. Crystal growth
from aqueous solution on the ground and in space. Combustion (general introduction; turbulent
combustion; droplet combustion; microgravity combustion.). Nucleation and crystallization in
glass processing melts. Nucleation kinetics. Industrial perspectives in advanced glasses and
possible contribution of microgravity experiments. Holographic diagnostic methods in crystal
growth from solution. Containerless processing by electromagnetic lévitation. Material science
and microgravity: a Vietnamese point of view. Metallurgy. Alloys and composites.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developinq
2

24
1
3
2
-

3 2

Industrialized
-
-

35
1
-
5

4 1

TOTAL
2

24
36

4
2
5

73

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

27
46
24

1
97
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ANNIVERSARY ADRIATICO RESEARCH CONFERENCES

All Adriatico Conferences are organized under the chairmanship of Professors S.O.
Lundqvist (Chalmers University of Technology, Göteborg, Sweden) and H.A. Cerdeira
(University of Campinas, UNICAMP, Brazil, and ICTP).

The general aim of the Adriatico Conferences is to bring together leading experts in
different fields to present their approaches and concepts and to make them interact with the
other participants.

Title: INTERFACE BETWEEN QUANTUM FIELD THEORY AND CONDENSED MATTER PHYSICS

Dates: 20 - 23 June 1989.

Organizers: Professors E. Brézin (Ecole Normale Supérieure, Paris, France), H.A.
Cerdeira (Brazil/ICTP) and Yu Lu (P.R. China/ICTP), with the co-sponsorship of the International
School for Advanced Studies (ISAS-SISSA, Trieste, Italy).

Purpose: To provide a forum for discussion of different contemporary aspects of the
subject matters, mainly in their common points.

Programme: Topics: Anderson localization.
Quantum Hall effect.
Lattice calculation in QCD.
Hubbard model and superconductivity.
Conformai field theories.
Quantum spin chains.
Random surfaces.
The Wess-Zumino models.
Topological phases.
Random fields.

Lectures: Overview of some uses of quantum field theory in condensed matter physics.
Conformai field theory and statistical mechanics: an overview. Conformai field theory.
Renormalization of statistical parameter in three-dimensional Chern-Simons electrodynamics.
Spin-Peierls ground state of low dimensional quantum antiferromagnets. Holes in a quantum
antiferromagnetic: new approach and exact results. Conformai invariance and the operator
content of general Heisenberg models. The simplest S-matrix of all. Fractional quantum
statistics: possible relevance to high Tc superconductivity. Spontaneous generation of quantum
holonomy - fractional Hall effect vs. anyon superconductivity in strongly correlated electron
systems. Statistics transmutations in three dimensions. Renormalization group studies of
anomalous diffusion in random media. Surfaces and polymers in random media. Flux phases in
tight binding models. Recent results in the theory of random surfaces. The dynamic toughness of
crystal surfaces. Compressibility and superfluidity in the fractional statistics liquid. Stochastic
equations and BRS symmetry. Quantum gravity in 2-dimensions and string theory. Statistics for
strings and gravity. Anderson transition. Universal singularities in the quantum Hall effect. The
Landau-Boltzmann approach to localization. Introduction to quantum groups and some of their
applications. Spin glasses: the order parameter and its interpretation. Slave bosons, 1/N
expansion and the Anderson lattice model of heavy fermion systems. Large N limit of the two-
Kondo impurity problem. Coulomb gas representation of conformai field theories. Fluctuations in
granular superconductors: some hints towards new perspectives. Emergence in DLA growth of
the shape of classical diffusion-controlled fronts. Path integrals with topological constraints:
entanglement of strings. The integrable XXZ chain at criticality. Quantization of topological
excitations in continuum models for high Tc superconductors. String statistical mechanics at high
energy densities. Application of thermo-field dynamics to the quantum spin glass problem.
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Summarized data on the participation
(Number of scientists by world regions}

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
1

13
6
1
6

27

Industrialized
-
-

29
1 1

-
4 0

TOTAL
1

13
35
12

6
6 7

Directors and Lecturers
Participants
Member states represented
Applications received

28
39
17
88

Title: QUASICRYSTALS

Dates: 4 - 7 July 1989.

Organizers: Professors M.V. Jaric (Texas A. & M. University, College Station, USA) and
S.O. Lundqvist (Chalmers University of Technology, Göteborg, Sweden), with the co-sponsorship
of the international School for Advanced Studies (ISAS-SISSA, Trieste, Italy).

Purpose: To provide a critical overview of the physical properties of quasicrystals
followed by a focus on current progress and open questions in theories of quasicrystals.

Programme: Topics: Physical properties.
Relationship with glasses and large-unit-cell crystals.
Symmetry classification.
Structure models (quasiperiodic, icosahedral glass, twins,
etc.).
Cohesive energy, stability and elasticity.
Freezing, growth, faceting and defects.
Vibrational, electronic and magnetic states.
Transport properties.

Lectures: Recent developments in the study of quasicrystals. Superlattice,
microquasicrystals and approximants. Quasicrystal structure determination - AI-Cu-Li. The
structure of quasicrystals: advantages and limits of a neutron diffraction approach. Icosahedral
alloys without phason disorder. Microcrystalline state of pseudo-icosahedral symmetry,
crystalline to quasicrystalline phase transformation in the AI-Cu-Li and AI-Cu-Li and AI-Cu-Fe
systems. Octagonal and dodecagonal quasicrystals. Quasiperiodic arrays in thin films of AI-Mn.
On the symmetry of tilings and quasicrystals. Characterizations of order in aperiodic structures
and arithmetical properties. Entropically stabilized quasicrystals. Tetracoordinated
quasicrystals. A new algorithm for the generation of quasicrystals. Quasicrystals,
approximations and dynamical systems. Simple quasicrystalline tilings. Quasicrystals versus
modulated crystals. Topology of atomic surfaces in icosahedral quasicrystals. Modelling
quasicrystal growth. Phason elasticity and surface roughening. Quasicrystal grain boundaries
from the entropie and density-wave viewpoints. Soft mode crystallization. Why only quadratic
irrationals are observed in quasicrystals? Kinetic roughening of quasicrystals. Defective vertex
configurations in quasicrystals. Displacive mappings form quasiperiodic to periodic patterns.
Dislocations in decagonal AI-Cu-Co alloy. Multifractal analysis of localization problem in
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quasiperiodic systems. Real space renormalization and critical properties of Fibonacci potentials.
Electronic structure of quasicrystals. On the electronic properties of a three-dimensional
quasicrystal with weak potential. Diamagnetism in quasicrystalline superconductors. Algebraic
symmetries in quasicrystal scattering data. Crossover behaviour from 'extended' to chaotic
wavefunctions in 1d quasicrystals. Quasiperiodic Hume-Rothery stable alloys in 1d: an exact
solution. Where and how large are the gaps in spectra of deterministic aperiodic systems? Novel
transition between critical and localized states in a 1d quasiperiodic system. Thermal properties
of a classical model of a 2d quasicrystal. Vibrational properties of Fibonacci chains without and
with defects.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
3
8
7
2
4

2 4

Industrialized
-
3

25
11

-
3 9

TOTAL
3

1 1
32
13

4
63

Directors and Lecturers
Participants
Member states represented
Applications received

31
32
17
82

Title: STRONGLY CORRELATED ELECTRON SYSTEMS

Dates: 18 - 21 July 1989.

Organizers: Professors A. Ruckenstein (University of California, La Jolla, USA), E.
Tosatti (International School for Advanced Studies, ISAS-SISSA, Trieste, Italy) and Yu Lu (P.R.
China/ICTP), with the co-sponsorship of the International School for Advanced Studies (ISAS-
SISSA, Trieste, Italy).

Purpose: To bring together a group of leading researchers to review the recent progress
and to discuss the new ideas and techniques which appear most promising for treating the
difficult problems in the subject matter.

Programme: Topics: Rigorous results and exact solutions.
Numerical simulations and diagonalization.
Variational wave functions and new many-body approaches.
Field-theoretical techniques and the connection with gauge
theories.
Scaling and renormalization group.

Lectures: Phenomenological constraints on theories of high Tc superconductors. Strong
correlation and novel superconducting states. Theory of metal-insulator transition. The spiral
phase and superconductivity in the doped Heisenberg model. Quasiparticles in doped planar
antiferromagnet. Self-consistent renormalized motion of holes in a quantum antiferromagnet.
Numerical studies of the t-J model: exact ground state and flux phases. Finite size calculations on
the 2D Hubbard model. Fermion quantum Monte Carlo and Hubbard model. Preliminary group
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theory analysis of a 4x4 two-dimensional Hubbard model. Properties of two-dimensional systems
with fractional statistics. Anyons on a lattice. Superfluidity of the anyon gas. Spin singlet
fractional quantized Hall states. A model for orbital antiferromagnetism. Twisted
superconductors and twisted magnets. Magnetism (+ superconductivity?) in the 2D Hubbard
model. Intersite correlation in variational wave functions. New exactly tractable limit for
correlated lattice electrons. Correlated fermions on a lattice in high dimensions. Heavy fermions:
past, present and future. Understanding of NMR in high T0 materials. Slave boson approach to the
Hubbard model. Itinerant vs. localized AF of CuO2 layers within a slave boson approach.
Instability of the ferromagnetic state in the large U limit of the Hubbard model. Strongly
correlated, quasi-one-dimensional bands: group states, optics, and phonons. Nematic and dimer
states in low dimensional magnets. Raman spectra and strong O-O fluctuations in YBa2Cu3O7.
Topological statistics transmutation and superconductivity. Treatment of strong correlations by
projection techniques. Pairing theory in two-dimensions. Importance of spin-flip processes in
quantum antiferromagnets. One loop corrections to the Gutzwiller approximation (within the
slave boson approach). Quasiparticles and photoemission spectra in correlated electron systems.
Binding of holons in the chiral spin states. The supersymmetric Hubbard model and high Tc

superconductivity. The effect of topological excitations in the two-dimensional quantum
Heisenberg antiferromagnet. 4KF correlations in 1D systems revisited. U=°° Hubbard model:
towards the exact solution in d=°°.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
1
9

19
-
-
5
-

3 4

Industrialized
-
2

31
2

15
-
1

5 1

TOTAL
1

1 1
50

2
15

5
1

85

Directors and Lecturers
Participants
Member states represented
International Orqanizations represented
Applications received

37
48
23

1
100

Title: COMPUTATIONS IN PHYSICS AND PHYSICS IN COMPUTATION

Dates: 5 - 9 September 1989.

Organizers: Professors R. Car (International School for Advanced Studies, ISAS-SISSA,
Trieste, Italy), B.A. Huberman (Xerox Palo Alto Research Center, Palo Alto, USA) and A. Sadiq
(Pakistan Institute of Nuclear Science and Technology, Islamabad, Pakistan), with the co-
sponsorship of the European Research Office of the U.S. Army, IBM-Italy and the International
School for Advanced Studies (ISAS-SISSA, Trieste, Italy).

Purpose: To provide both a forum for the exposition of recent developments in numerical
algorithms for physical problems, and an overview of advances made in the application of physics
to the understanding of parallel computation.
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Programme: Topics: Thermodynamics and microscopic behaviour from
microscopic simulations on model systems.
Phase transitions and critical phenomena.
Quantum simulations.
Truly fundamental limits to computing.
The use of nonlinear dynamics and statistical mechanics for
The understanding and design of computers.
Neural networks.

Lectures: Complex ordering phenomena in simple systems. Fundamental limits to
information. Molecular dynamics studies of structural slowing down and the glass transition in
simple systems. Decomposition of information with respect to scale and correlation length.
Entropy and complexity of cellular automata. Special purpose processors for statistical
mechanical simulations. The ecology of computation. Metastability in distributed computation. An
overview of computations in material physics. Simulation spectroscopy and vibrational
localization in amorphous glasses. First-principles molecular dynamics. A polarizable charge site
model for water using and extended Lagrangian. Recent advances in quantum mechanical reactive
scattering. Path integral treatments of static and dynamic processes in liquids. The use of neural
networks for finding structure in chemical languages. Hyphenation in natural languages by neural
networks. Doing physics on the connection machine. Quantum dynamics by numerical simulation.
Numerical simulation of many-fermion models in condensed matter physics. Computational
methods in quantum field theory. Neural nets. Quantum Monte Carlo for chemical systems: a new
pseudo-Hamiltonian technique. Ground-state fermion Monte Carlo simulations. Numerical
simulation of models for the high Tc materials. Dynamical properties of the two-dimensional
Hubbard model. Concluding remarks.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
International Organizations
TOTAL

Developing
7

19
15

3
9
-

5 3

Industrialized
-
1

23
12

-
1

37

TOTAL
7

20
38
15
9
1

9 0

Directors and Lecturers
Participants
Member states represented
International Organizations represented
Applications received

29
61
33

1
152

64



OTHER RESEARCH

Dates: Throughout the year.

Purpose: To allow scientists wishing to avail themselves of the Centre's facilities
(library and computers) and of the presence of ICTP consultants and other experts to carry out
independent research in periods when no activity is scheduled in their fields of interest.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Afr ica
Asia
Europe
Indonesia and Oceania
North and Central America
South America
International Organizations
TOTAL

Developing
65

104
19

1
7

19
-

21 5

Industrialized
-
-

35
-
5
-
7

4 7

TOTAL
65

104
54

1
12
19
7

2 6 2

Figures also include short-term visitors coming for organizational activities only.
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MICROPROCESSOR LABORATORY

The activities of the Microprocessors Laboratory (ICTP-INFN), sponsored by UNU, were
articulated along the following lines:
1. Training activities in microprocessors and technical support given to these activities.
2. Activities of the joint ICTP/INFN Microprocessor Laboratory, including condensed

reference to the realization of technical projects.

(1) Training activities

During the year, the Laboratory had a very heavy load of activities. The following training
and collaboration-in-training activities took place:
1. "First African College on Microprocessors: Technology and Applications", held in Accra,

Ghana, from January 9 to 27. This course accepted 45 participants and was under the
direction of Dr. Nii Quaynor (Digital Equipment Corporation, USA).

2. The "Fifth College on Microprocessors: Technology and applications in Physics" that took
place in Trieste from October 2nd to October 27th. Ninety-six participants were accepted
out of 621 applications received. The Director was Prof. C. Verkerk.

The Laboratory personnel also actively worked in the preparation of:
1. The "Workshop on Telematics". This college took place in Trieste from 6 to 24 November.

Eighty participants were accepted out of 345 applications received. The Directors were
Dr. G. Perrucca and Dr. M. Pitke.

2. The "Course on Basic VLSI Design Techniques" took place in Trieste from 6 November to 1
December. The course was also co-sponsored by the Trieste Section of INFN. It lasted
four weeks and accepted 42 participants. The Director was Prof. A. Colavita.

3. The "INFN School on VLSI Techniques" took place in Trieste from 4 to 15 December. The
course accepted forty participants from which ten from the Third World. This course was
under the director of Prof. S. Centra.
The preparation of five courses during this period required a load without precedent on the

Laboratory personnel.

(2) Activities of the joint ICTP/INFN Microprocessor Laboratory including a
short reference to technical projects

(a) General Activities

a.1. New equipment: The Laboratory incorporated a new Vaxstation 3100. This graphic
station was purchased to use the Unix operating system required to run the Berkeley Tool
Set. It was incorporated to the VLSI activities during July 1989.
The Laboratory also has a new Hewlett Packard plotter capable of handling paper sized
from A4-AO. This plotter is needed for the VLSI activities and courses.
For the design of VLSI circuits, the Laboratory obtained the permission to use the Berkeley
Tool Set. This full-custom design software is between the best available anywhere. It will
be used in the joint project with the Astronomy Department of UCB.

a.2. Technical projects
This is necessarily a short summary of the scientific projects being carried out or started

in the laboratory. Extended reports exist for each of these projects.

1. Construction and testing of a 32-bit single board computer. Gao Zhong-Ren (Academia
Sinica, Beijing, China), Pedro Battaiotto and A. Colavita.
The final configuration is a single board computer, with 128 kb of Rom, 256 kb of static
Ram, four RS-232 ports, one parallel port, three timers and one I/O extension connector.
OS-9 was chosen as the operating systems as it is real time i.e., very efficient for data
acquisition purposes (finished).

2. Development of a multichannel analyzer board using a digital signal processor and on board
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"sequencer" and resident processor. Profs. Pedro Battaiotto, Alberto Colavita, Dai Jialin
and Fabio Fratnik. This is an IBM-PC compatible Multichannel Analyzer board. The high
speed obtained in the Motorola 56001 Digital Signal Processor allows it to be used as the
board "sequencer" plus the possibility of "on line" processing of the signal. The board will
be software upward compatible with the similar LIP board (concluded).
Development of a Rosy-Flex and OS-9 hardware and software development station. Prof.
Dai Jialin (Department of Computer Engineering, Shanghai University of Technology,
Shanghai, China), Pedro Battaiotto, A. Colavita and Fabio Fratnik.
Training computer is a single board system with a 6809 at 2 Mhz, 128 kb of EPROM and 64
kb of static RAM, with all the input and output ports that characterized the Rosy
development station designed and built at CERN for the Laboratory courses. The EPROMs
contain the ROSY software, a 64 kb RomDisk and they will also contain the OS-9 Kernel
(installation was carried out by C. Verkerk at the DD Division of CERN). The system has
two 3 1/2" floppies instead of the usual 5 1/2" drives. The memory map is changed from
Flex to the OS-9 configuration through a software switch. Forty systems are being built
as a first batch (concluded).
Design of a Very Large Scale Integrated Circuit using optimized gate array techniques for a
Telephony Signal Handler, P. Battaiotto, F. Fratnik, S. Venkataraman, M. Darus, Dai Jialin.
A Telephony Signal Handler (TSH) is a circuit component that scans up to 128 telephone
lines to detect signals such as phone on/off hook, dialling pulses etc. This is a very
critical function that cannot be accomplished directly by the main microprocessor
controlling the switch. This task is then left to the TSH. The TSH will communicate all
these events to the microprocessor so that it can take the appropriate action. This chip is
being designed using the Solo 1200 Cae package. When finished it will be a 20,000
transistor design implemented in 1.5 micron CMOS logic (design and shrinking from 2 to
1.5 microns concluded).
Software computers and self-healing. R. Gallard and A. Colavita. New developments in
programmable array logic allow us to think the CPU of a computer system as being part of
the software of the system. Taking this approach, we can conceive a computer that
repairs itself with a very fine degree of grainess. Different strategies for self-healing
and the formal presentation of the principle are explored (concluded).
Energy Sum Processor (ESP), for the second level trigger of LEP. L. Lanceri, P.
Battaiotto, A. Colavita and F. Fratnik. This system was developed for the Delphi
experiment at CERN. On board it has a 56001 DSP from Motorola plus two XILINK
software programmable Gate Arrays. This very high speed board reads 8 numbers coming
from a previous board that represent the energy detected, adds the numbers and compares
the sum with a pre-defined threshold. If the energy detected is larger that the threshold,
it will flag other subsequent parts of the data acquisition system to further continue the
analysis of the data, otherwise it will flag the system that the event is not of the kind
sought. It is software programmable from a Fastbus interface and it does self-diagnosis.
Four boards were built and it is operating successfully at CERN (concluded).

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
South America
TOTAL

Developing
1
7
-
7 .

1 5

Industrialized
-
-
1
-
1

TOTAL
1
7
1
7

1 6
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HIGH TEMPERATURE SUPERCONDUCTIVITY EXPERIMENTAL LABORATORY

Over the course of the first year of activity, the High Temperature Superconductivity
Laboratory has achieved significant progress in the areas of scientific activity, collaboration
with other research institutions, organization and instrumentation capability. The laboratory can
now be considered among the most important superconductivity research institutions active in
Italy. This status is confirmed by: 1) the prompt response of the CNR "project for
superconducting and cryogenic technologies" to our research programmes, 2) our participation in
the preliminary phase of the Italian Research Ministry's "National Research Project for
Advanced and Innovative Materials" and 3) the number of scientific contributions to be presented
at the forthcoming National Conference on High Temperature Superconductivity.

The initial results of the Laboratory's research activity have been presented in scientific
papers, recently submitted for publication or presented at conferences. In April 1989, the
Laboratory was host to the Second Experimental Workshop on High Temperature
Superconductivity. This workshop proved to be significantly more successful than the 1988
edition, particularly as regards the effectiveness of the training given to participants who were
able to continue research activity on high temperature superconductivity in their home
institutions. Over the course of 1989, the laboratory has also performed service activities such
as sample preparation for other laboratories and measurement of samples produced elsewhere,
In addition, we have functioned as a coordinating centre for scientific collaborations between
laboratories in Italy, Austria and Yugoslavia which undertake sophisticated measurements of
samples prepared by laboratories in developing countries (including Brazil, Cuba,
Czechoslovakia, Egypt, India, Iran, Mexico, Pakistan and Thailand). While the project for
development of low-cost scientific instrumentation has not been initiated, due to lack of ad hoc
funding, the design of two inexpensive magnetometers for use in Third World Laboratories has
been undertaken by the Technische Universität Graz (Austria) and Birmingham University (United
Kingdom).

Personnel
The positive results obtained thus far are in large part due to the patient and enthusiastic

contributions of the scientists who have spent time in the laboratory during its first year of
operation. The experiences of this past year indicate that the efficient operation of the
laboratory, given the special circumstances which dictate a continual turnover of scientific
personnel, can be guaranteed by a minimum staff of two research scientists and a technician. In
this way there can be a continuity in the management and research programme of the laboratory
as well as ongoing development and maintenance of research equipment. The short-term visiting
scientists have proven to be effective in supporting the research activity of the laboratory,
particularly during the second half of 1989, when the research programme and experimental
methodology were sufficiently well-established to permit a rapid integration of the new arrivals
into research activities which quickly produced useful results.

Instrumentation and Experimental Techniques

Sample preparation

The instrumentation consists of:

— 4 tube furnaces with temperature control to 1000°C;
— 1 tube furnace with 16-step programmable temperature control to 1200°C;
— 1 muffle furnace with 9-step programmable temperature control to 1250°C;
— 1 muffle furnace with 9-step programmable temperature control to 1150°C and controllable

atmosphere (Ar/02);
— 2 recirculating hoods with filtering for solvents;
— 1 recirculating hood with filtering for acids;
— 1 metallographic polishing wheel;
— 1 ball mill;
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— 2 hydraulic presses with pellet dies to 20mm diameter;
— 2 analytical balances (0.0001 g);
— 1 balance (0.01 g).

In addition, the laboratory maintains a stock of laboratory reagents consisting of
approximately 180 items.

The techniques of sample preparation for oxide compounds (particularly cuprates) have
been continuously improved. The process for synthesis of sintered samples of high purity
through solid state reaction has now become standardized and used for preparation of over 100
compounds with varying compositions (primarily cation substitution in known high temperature
superconductors). In addition, much work has been done on developing a methodology for
chemical determination (titration) of the oxygen content of the compounds synthesized.

The flux-growth method for preparation of cuprate single crystals has been perfected to
the degree that it is now possible to obtain crystals of up to 40 mm3 reproducibly. This
expertise is the result of careful studies of the phase diagrams of rare earth oxide-alkaline earth
oxide-copper oxide systems.

While we have not yet acquired a thin film deposition system, we have been able to gain
valuable experience and begin an active research programme in this important field through a
collaboration with the CNR-LAMEL in Bologna.

Sample Characterization
»

The instrumentation consists of:
— 1 closed-cycle cryogenic refrigerator capable of reaching 10K with inserts suitable for

measurement of electrical conductivity (1) and thermal conductivity and thermopower (2).
The former insert permits measurement down to 10K while the latter is limited to
measurement above 40K. The measurement system is completely automated and permits
up to 3 measurement cycles per day with insert 1 and one cycle with insert 2.

— 1 liquid He flow-cryostat capable of reaching 4K with inserts for electrical conductivity
(3) and a.c. susceptibility (4). Insert 3 can be directly con-nected to the measurement
system described above. Insert 4 is part of a mutual inductance bridge measurement
system which is also com-pletely automated and capable of measuring the real and
imaginary components of a.c. susceptibility simultaneously down to 10K.

— 1 automated critical current measurement system for use at 77K and 4.2K.
— 1 Fourier transform infrared spectrometer for measurement of absorptionspectra between

4800 cm~1 and 400 cm"^ on powdered samples andboth absorption and reflection spectra
(using an infrared microscope)between 4800 crrr^ and 750 cm~^ on microscopic samples
(down toabout 30 microns).

— 5 personal computers, 2 exclusively used for automating the measurements of electrical
conductivity and a.c. susceptibility and the other 3 used forgeneral purpose (calculation of
X-ray diffraction spectra, structural refinements, infrared spectra analysis, graphics and
word processing).

— 1 micromanipulator for making electrical contacts to small samples.
— Liquid Helium (60 liter) and Nitrogen (75 liter) dewars for transport and storage of the

liquid cryogens used in the measurement systems described above.

The improvement of the experimental techniques used to characterize the physical
properties of superconducting samples is a fundamental activity of the laboratory. The degree
and range of the various quantities measured is continually being perfected. The electrical
conductivity measurement and infrared transmission spectroscopy have reached a high degree of
reliability, while susceptibility (both a.c. and d.c.) and thermal conductivity and thermopower
measurements are only reliable above 40K and 50K respectively. All the data acquisition and
control programmes have been developed by laboratory personnel and are under continuous
revision.

Collaborations
The financial constraints imposed on the laboratory during 1989 did not permit completion
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of the planned instrumentation. These limitations were overcome, whenever possible, through
collaboration with other research institutions: in Trieste, the Chemistry Department (X-ray
diffraction on single crystals), the Mineralogy Department (X-ray diffraction of powder and thin
film specimens), the Institute of Applied Chemistry (metallography, thermoanalysis and scanning
electron microscopy) of the University of Trieste and the TASC of the INFM; outside Trieste, the
CNR-ITM Milano (electron microscopy and machine shop), the CNR-LAMEL Bologna (thin film
deposition and electron microscopy), the Technische Universität Graz (microanalysis and
transport measurements in single crystals), the University of Zagreb (magnetic measurements)
and the CNR-ISM Bologna (Raman spectroscopy).

Completion of Instrumentation
At the end of the first year of operation, the High Temperature Superconductivity

Laboratory is equipped with all the fundamental experimental instrumentation (bulk and single
crystal sample preparation, electrical conductivity and a.c. susceptibility measurements) except
for X-ray diffraction. On the other hand, we have been able to equip our laboratory with some
specialized measurement techniques (infrared spectroscopy, thermal conductivity and
thermopower) which have proven to be useful in attracting visiting scientists.

Considering the relatively limited funding available over the next year, we are faced with
the alternative of acquiring an X-ray diffractometer (at least $200,000), thus completing the
"essential" instrumentation, or the acquisition of other experimental instrumentation which will
broaden our ability to perform synthesis and characterization. The latter strategy appears to be
indicated, since there are already 2 X-ray powder diffractometers in Trieste, and our personnel
has full access to one of these (Department of Mineralogy) and relatively easy access to the
other (Institute of Applied Chemistry).

Summarized data on the participation
(Number of scientists by world regions)

World regions
Asia
Europe
North and Central America
South America
TOTAL

Developinq
6
3
1
2

1 2

Industrialized
.
3
1
-
4

TOTAL
6
6
2
2

1 6
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LAMP

In view of the opening of the new Laboratory for Lasers and Fibre Optics in 1990, the
following informal activity was also held from August 1989:

Title: LAMP - LASER, ATOMIC AND MOLECULAR PHYSICS

Organizers: Professor G. Denardo (University of Trieste and ICTP, Trieste, Italy).

Seminars: Squeezed light. Laser Raman and Infrared spectroscopic studies of molecular
systems. Atomic Rydberg and non-Rydberg states. Semiconductor lasers for optical
communications. Hfs-investigations of 3-d elements and holographic interferometry. Optical
observation of LAMB waves. Systematics of non-hydrogenic trends in the photoionisation and
radiative recombination of one-electron systems. Intermediate-coupling effects on the n=2
resonant photoionization of multiply-charged helium-like ions. Photoelectronic spectroscopy via
electronic spectroscopy of molecular ions. Surface plasmon on rough metal films. Tunable flash
lamp excitation dye laser system. The effect of polarization over 2nd harmonic in light scattering
by electrons. Laser-induced fluorescence (LIF) of BaF using high resolution Fourier-transform
spectrometry. Surface hardening of AI-Bronze alloys using ruby laser. Optical full-parallel
matrices multiplications.
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LONG-TERM SCIENTIFIC VISITORS

The tables below show the number of scientists who were invited to take part in the

research for 3 months and longer in 1989.

Field of interest

Table I

Scientists % vs. total Person/months % vs. total Preprints

Fundamental physics
Condensed matter
Mathematics
Plasma physics
Microprocessors Lab
Communications
High Tc Lab
Other

65
33
35

1
14
3
9
8

38.69
19.64
20.83

0.60
8.33
1.79
5.36
4.76

399.87
198.44
211.76

7.79
104.97
22.16
64.08
16.47

38.99
19.35
20.65

0.76
10.24
2.16
6.25
1.61

64
26
50

4

2
3

TOTAL 1 68 1 0 2 5 . 5 4 1 49

Table II

Areas Number of Scientists
Dev. Ind.

Number of Person/months
Dev. Ind.

Afr ica
Asia
Europe
North and Central America
South America

18
79
13

7
25

,

4
16

6
-

115.82
436.80

73.08
50.93

170.89

_

35.70
113.52
28.80

-

TOTAL

GRAND TOTAL

1 42 2 6

1 68

847 .52 178 .02

1 0 2 5 . 5 4
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NETWORK OF ASSOCIATE MEMBERS
AND FEDERATED INSTITUTES

REPORT ON THE ASSOCIATE MEMBERSHIP SCHEME IN 1989

Reports on the Network of Associates and Federated Institutes are available on request.

1 - REGULAR ASSOCIATES

Associate Members are scientists from and working in developing countries who are
appointed, upon recommendation of the Scientific Council, for a period of six years during which
they are entitled to pay three research visits to the ICTP. Each of such visits should not exceed
90 days but should last more than six weeks during the appointment period. Then, if the 3x90 =
270 days have not been fully utilized during the 6-year period, the remaining days may be used
for additional visits for which the ICTP will not bear the costs of the travel expenses. During
their period at the ICTP, Associate Members work either independently or in collaboration with
other scientists in residence and attend workshops, conferences or extended courses.

The Centre expects that they will be engaged, in their home countries, in enhancing physics
and mathematics education at the secondary, polytechnical and college levels as well as teaching
and research at the university level. Moreover, they should also pay attention, in their research
work, to problems of physics and mathematics connected with their locale.

In 1989, the list of appointed Associates included 430 scientists. Fifteen appointments
expired at the end of 1988, 7 new Associate Members were appointed and 8 appointments were
extended. One hundred and seventy Associate Members (40%) came to the ICTP for a total of
351.77 person/months with an average duration of stay of 2.06 person/months (nearly the
same average as in 1988). The number of visits is somewhat lower than that normally expected
because the number of new appointments did not compensate the number of expired appointments.
Some of the Associate Members, of course and for various reasons like academic requirements
or family situations, break the 2-year cycle by anticipating or differring the timing of their
visits with respect to the time they would normally be expected at the ICTP. Tables I and II show
to what extent the Associate Membership scheme has been used from the geographical areas and
from the research interests viewpoints respectively.

Table I

Number of Associates Entitled to a Research Visit in 1989
and Number of Associates who Actually Came,

by Geographical Areas

Areas Number of
#

Afr ica
Asia
Europe
North & Central America
South America

108
223

17
1 7
61

Associates
% vs. total Visits

25.71
53.10
4.05
4.05

14.32

53
87
1 1
3

1 6

Number of Visits
% vs. total P/Months

31.18

51.18
6.47
1.76

9.41

109.25
188.87

18.44
10.78
24.43

% vs. total

31.06
53.69

5.24
3.06
6.94

Total 4 2 6 1 7 0 351 .77
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Table II

Number of Associates Entitled to a Research Visit In 1989
by Scientific Field of Interest

Fields of Interest Number of Associates
# %

Total 4 2 6

Number of Visits
# %

Fundamental physics
Condensed matter
Mathematics
Physics and energy
Physics and environment
Living state
Applied physics and high tech.

71
127
68
77
44
27
12

16.67
28.81
16.19
18.33
10.48
6.43
2.86

27
46
27
37
16
g
8

15.88
27.06
15.88
21.76

9.41
5.29
4.71

1 70

Table ill

Summary

1. Regular Associates in 1989.................................................430*
2. Regular Associates in 1988...................................................430
3. Appointments expired at the end of 1988................................. 1 5
4. New appointments starting in 1989...........................................7
5. Extensions and renewals starting in 1989..................................8
6. Member states represented in 1989........................................43
7. Regular Associates visiting ICTP in 1989.............................. 1 70
8. Number of persom/months...............................................351.77
9. Average duration of stay..............................2.06 person/months

10. Number of preprints produced .................................................72

of these 4 were entitled to visits after 1989.

The intellectual benefits which Associates derive from their research period visit at the
ICTP are numerous. Many of them succeed in publishing a paper. This year, 72 preprints were
prepared by Associate Members, either alone or in collaboration with others (an average of 0.42
papers/Associate against 0.65 papers/Associate in 1988).

Associates, while at the ICTP, have an opportunity to re-orient their research, to
collaborate at a distance, once they are back home, with their colleagues of other developing
countries or from industrialized countries or to update their scientific literature and, for many
of them, to improve their teaching at their home universities.

2 - SENIOR ASSOCIATES

Some of the former Associates of the ICTP who have acquired an international reputation
and/or have distinguished themselves as "entrepreneurs" in their home countries in the research
or in academic training, may be appointed Senior Associates of the ICTP upon recommendation of
the Scientific Council. The duration of the appointment is 6 years during which they may draw
from a fund of 4,000 US$ for each of them which can be used for subsistence and travel in
relation to their visit to the ICTP.
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Senior Associates come to the Centre for various reasons. Some take advantage of their
visits for carrying out their research since they can concentrate on their work being relieved
from their administrative duties. Others come for boosting the collaboration between their
colleagues and the scientists of the ICTP. Others take advantage of their being in Europe to come
to the ICTP in order to attend a workshop or conference which can be interesting for themselves
or their collaborators, or to give a seminar.

In 1989, the ICTP list of Senior Associates included 57 names from 21 Member States.
Twenty Senior Associates representing 15 Member States came for a total of 28.86

person/months. Therefore, the average duration of a research visit was 43 days (1.44
person/months). They produced 3 preprints and came from the following geographical areas:

Africa.......................................3
Asia........................................1 0
Indonesia and Oceania.................1
North and Central America......... 1
South America...........................5

3 - JUNIOR ASSOCIATES

Junior Associates are selected among those participants in the ICTP extended courses and
workshops who work at institutions in developing countries with poor library facilities. A Junior
Associate is appointed for four years and is entitled to a 350 US$ grant for buying scientific
books and/or subscribing to scientific periodicals which must be made available to his/her
colleagues. At the expiration of their appointments, Junior Associates are considered candidates
to the Regular Associate Membership Scheme.

In 1989, 158 scientists held a Junior Associate appointment.
Table I shows the distribution of the Junior Associates by geographical areas, while Table

II shows their distribution by fields of interest.

Table I

Distribution of Junior Associates by Geographical Areas

Areas Junior Associates % vs. total

Africa
Asia
Indonesia and Oceania
North & Central America
South America

85
60

1
4
8

53.80
37.97

0.63
2.53
5.06

TOTAL 158
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Table II

Distribution of Junior Associates by Fields of Interest

:ields of Interest

:undamental physics:

Condensed Matter:

Mathematics:

Dhysics and energy:

3hysics and environment:

Dhysics of the living state:

\pplied physics:

Junior

Elementary particles

Atomic physics
Solid state

Applied Mathematics
Mathematics
Mathematical ecology

Nuclear physics
Plasma physics
Renewable energies
Solar Energy

Climatology/meteorology
Geophysics
Soil physics

Biophysics
Medical physics

Communications physics
Computational physics
Microprocessors

Associates

5

6
42

2
27

2

6
5
1

10

3
22

9

2
2

3
1

10

% vs. total

3.16

3.80
26.58

1.27
17.09

1.27

3.80
3.16
0.63
6.33

1.90
13.92
5.70

1.27
1.27

1.90
0.63
6.33

TOTAL 1 58

4 - FEDERATION AGREEMENTS

As in the past, the ICTP concluded Federation Agreements with institutions in developing
countries whereby these institutions may send their scientists to the ICTP for a specified number
of days, depending on the location of the institution with respect to Trieste. A limited number of
agreements is also concluded with European institutions, mainly in Eastern Europe.

Federated Institutions are encouraged to send their junior scientists to Trieste when
activities of their interest are taking place at the ICTP. Scientists from Federated Institutes,
therefore, attend extended courses, workshops, conferences or discuss their research projects
with ICTP scientists and use its computer and library facilities.

The terms of some of the Agreements are at variance with those of types A, B, C and D in
order to take particular local conditions into account.

Special Agreements are concluded with institutions in Iran, Kuwait and Qatar.
The utilization of the resources offered by the Standard Federation Agreements is

summarized in Table I.
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Table I

Standard Agreements

1. Agreements proposed..................................................................383
2. Agreements signed......................................................................383
3. Agreements utilized.....................................................................245
4. Scientists who benefited from the Agreements.............................61 4
5. Member states which benefited from the Agreements.....................55
6. for a total number of person/months.......................................508.66
7. Total p/months allocated for the 245 agreements utilized........536.50
8. Utilization rate.........................................................................94.81

For the Special Agreements, the utilization of the resources was as shown in Table II.

Table II

Special Agreements

Institutions Vis i to rs Days Person/months

1.
2.
3.

4.

Islamic Republic of Iran
Kuwait Foundation for the Advancement of Science
Kuwait University
a) from Arab and Islamic Countries
b) from Kuwait University
University of Qatar

7
1 1

4
6
2

172
280

122
155
23

5.65
9.21

4.01
5.10
0.76

TOTAL 3 0 7 5 2 2 4 . 7 3

Table III shows totals for Standard and Special Agreements.

Table III

Type of agreement

Standard
Special

# Visitors

614
30

# Person/months

508.66
24.73

Total 6 4 4 5 3 3 . 3 9

Note - 533.39 person/months represent 14.40% of the total person/months for ICTP
activities held in Trieste.
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TRAINING AND RESEARCH AT ITALIAN LABORATORIES

Dates: Throughout the year.

Organizers: The programme was co-ordinated by Professors G. Furlan (University of
Trieste and ICTP, Trieste, Italy), G. Denardo (ICTP, Trieste, Italy) and E. Tosatti (International
School for Advanced Studies, ISAS-SISSA, and ICTP, Trieste, Italy), in collaboration with
Advisory Committees in each of the fields concerned. The Italian National Commission for
Nuclear and Alternative Energies (ENEA, Rome, Italy) offered a special contribution.

Purpose: To give participants in ICTP activities the opportunity of widening their
experience by becoming directly involved in different branches of physics with the research
work of laboratories at Italian universities, governmental and industrial research centres.

Programme: In 1989, 170 scientists representing 31 developing Member States worked
- with grants from the Centre - in 131 Italian laboratories for a total of 1116.66
person/months.

The research subjects included:

Biophysics
Climatology
Communication physics
Computational physics
Condensed matter physics
Energies
Geophysics & Oceanography
Lasers Physics
Medical physics
Microprocessors
Plasma physics
Soil physics

A detailed report is available on request.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Africa
Asia
Europe
North and Central America
South America
TOTAL

Developing
35
87
14
1 1
23

170

Industrialized
-
-
-
-
-
-

TOTAL
35
87
14
1 1
23

170
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REGIONAL ACTIVITIES CO-SPONSORED BY THE CENTRE

A report on the external activities in 1989 is available on request.

In 1989, the International Centre for Theoretical Physics through its Office for External
Activities was co-sponsor of 133 activities, as set out in the table below. In addition to that, 10
fellowships for visiting scholars/consultants came into operation.

28 activities in Africa (Algeria, Burundi, Egypt, Ethiopia, Ghana, Malawi, Mali,

Morocco, Nigeria, Sudan, Tanzania, Uganda, Zimbabwe);

48 activities in Asia (China, India, Indonesia, Iraq, Jordan, Malaysia, Nepal,

Pakistan, Singapore, Sri Lanka, Thailand);

6 activities in Europa (Czechoslovakia, Hungary, Turkey, Yugoslavia);

51 activities in Latin America (Argentina, Brazil, Chile, Colombia, Costa Rica, Cuba,

Ecuador, Mexico, Peru, Venezuela).
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THE ICTP DONATION SCHEME

BOOK DONATION PROGRAMME

During 1989, the Centre was able to distribute 13184 journals, 4062 proceedings, 6119
books and 8289 publications to more than 700 institutions in 100 developing countries. Besides
the donations directly distributed by the Centre, about 100 donations of complete sets of back-
issues of journals have been shipped directly by the donors to about 60 institutions in 40
developing countries.

EQUIPMENT DONATION PROGRAMME

Hundreds of pieces of equipment from CERN were sent to institutions in the following
countries: Colombia, P.R. China, Iran, Jordan and Pakistan. The Centre received a generous
offer of approximately 43 items of surplus equipment from Dr. Iftikhar Ahmad in London. They
were sent to 13 universities in the following countries: Bangladesh, Colombia, Egypt, Iraq,
Jamaica, Nigeria, Pakistan, Peru, Tanzania and Uganda.
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SCIENCE, HIGH TECHNOLOGY AND DEVELOPMENT

Title: SCIENCE, HIGH TECHNOLOGY AND DEVELOPMENT PROGRAMME

Dates: Throughout the year.

Organizers: Professor H.R. Dalafi (ICTP).

Purpose: To increase the awareness of scientists of the role of physics in social and
economic development, and to inform Third World scientists of potential sources of assistance
for physics research and its applications to the development needs of their countries.

Lectures:
Science, High Technology and Development Weekly Programme: The role of artificial

intelligence in development. Economic development and the Third World. The physics of the
Boolean observer. Cold nuclear fusion. The present international system: approaches and
implications for the development process. Third World: concept, and reality. The development of
development thinking. Feasibility of minimising initial investment and operational costs for
industry. Science policy in developing countries. Science and technology - some implications on
economic development.

Colloquium: The applications of fluid mechanics. The birth of quantum mechanics. Erwin
Schrödinger and the rise of wave mechanics. Cold fusion: atomic or nuclear? Cold nuclear fusion:
a recent review. Bogolubov - My life of mathematics and physics. Cold fusion: recent
experimental results. Towards a natural science of language and mind. Orientation mapping. A
theoretical study of cold nuclear fusion. Evolution, selection and cognition. How to make a
massive particle from light? Ultra-violet X-ray and y-ray astrophysics. The puzzling neutrinos.
A cold start to the universe. The role of 4 dimensions in physics. Electron phonon structures and
Raman effect in superlattices. Symplectic, contact and superconformai geometry and physics.
Models, approximations and hypotheses. Surface phase transitions. Sails and wings. Fractional
charge and fractional statistics. Omnipresent spinors. Dynamical reduction models: a new
approach to the difficulties of the quantum theory of measurement. Centrifugal force: a few
surprises. Mind-machine problem: can psychology be reduced to neuroscience? The concept of
"quality of life" - a fundamental aspect of planning.

Seminars: Hubert's Beweistheorie: foundations of automated theorem proving. Knowledge
processing paradigm: some cognitive aspects and knowledge representation schemes. Resolution-
refutation system for monotonie reasoning. Automated theorem proving in non-monotonic
systems. Topology and quantum field theory.

Summarized data on the participation
(Number of scientists by world regions)

World regions
Asia
Europe
North and Central America
Souh America
International Organizations
TOTAL

Developing
3
.
-
1
-
4

Industrialized
-
4
1
-
1
6

TOTAL
3
4
1
1
1

1 0

In addition to these invited lecturers, 26 scientists participating in other programmes also
gave lectures.
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UNESCO PROGRAMME ON THE HISTORY OF SCIENCE

Dates: This new programme was started on 17 October 1989.

Organizer: Professor J. Mehra, UNESCO Distinguished Professor of History of Science
(UNESCO, Paris, France and ICTP, Trieste, Italy).

Lectures: A tribute to the vision of pioneers. The Mida's touch or the fate of Lazarus?
The dream of Leonardo da Vinci. Angel architects: the development of physics in the 20th
century. Promethean fire: the lives and works of the grat pioneers who have created the
scientific world view of nature. Max Planck and the origins of quantum theory. The young Albert
Einstein. The historical origins of special relativity theory.
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HOSTED ACTIVITIES

Ti t le

1. Scientific Conçu E.U.G. VI

2. Meeting of ISCSS

3. Third World Network of
Scientific Organizations

4. INFN School on Advanced Studies
in Nuclear and Subnuclear Physics

5. Womens' Study Group

6. Workshop/Symosium on "Molecular
Genetics of Lower Eukaryotes"

7. Bouchet Council Meeting

8. Trieste Encounters on Congnitive Science

9. Meeting on Marketing Strategies

1 0. SARF General Meeting

11. Meeting on "Fundamentals of Quantum
Mechanics"

1 2. International School of Philosophy
of Science

13. I Meeting of the International Commission
on Food for Peace

1 4. Council Meeting

15. Meeting TWOWS Committee

1 6. TWNSO Executive Board Meeting

1 7. Workshop for Policy Makers on
Environment and Development

18. International Conference on Desert
Environment

19. INFN School on VLSI Design

Dates

21-23 February

7 March

8-9 March

12-18 March

20-22 March

29-31 March

13-15 April

26 June-7 July

3 July

22 August

October

2-14 October

19-20 October

20 October

20-21 October

21 October

21 October

6-8 November

4-15 December

Organizer

Third World Academy
of Sciences (TWAS)

INFN

TWAS

ICGEB

Office of External
Activities

SISSA

Area di Ricerca

TWAS

SISSA

SISSA

TWAS

TWAS

TWAS

TWAS

TWAS

TWAS

ICTP
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AWARDS

DIRAC MEDALS OF THE ICTP

8 August 1989

The Dirac Medals of the ICTP were instituted in 1985 in memory of Prof. P.A.M. Dirac, a
honoured guest and staunch friend of the ICTP. Two Medals are awarded yearly for contributions
to theoretical physics.

The selection committee includes Professors S. Lundqvist, R. Marshak, J. Schwinger, S.
Weinberg, Abdus Salam and others. The Dirac Medals are not awarded to Nobel Prize of Wolf
Foundation Prize winners.

Michael B. Green from Queen Mary College, London, UK, and John H. Schwarz from the
California Institute of Technology, Pasadena, USA, were the 1989 recipients of the Dirac Medals
of the International Centre for Theoretical Physics "for their basic contributions to the
development of superstring theory. Most significant was their discovery that chiral gauge
anomalies are absent for a class of ten dimensional superstring theories. This provided a strong
indication that superstring theory with a specific gauge symmetry may provide a consistent
unified quantum theory of the fundamental forces including gravity, it led to an explosion of
interest in string theory which has already spurred remarkable advances both in mathematical
physics and in pure mathematics".

HIDEKI YUKAWA PRIZE

8 August 1989

Dr. Ashoke Sen from the Tata Institute of Fundamental Research, Bombay, India, was the
recipient of the Yukawa Prize "for his contributions to string theory, and in particular for the
application of the sigma model approach to the heterotic string theory. He has contributed to the
development of techniques of superstring perturbation theory at higher genus which have
enhanced the string theory understanding of space-time supersymmetry non-renormalization
theorems. He has also studied the implications of modular invariance in the problem of the
classification of rational conformai field theories in 2 dimensions".

Annual ICTP Prizes were created in 1982 by the Scientific Council of the Centre in
recognition of outstanding contributions to physics and mathematics by scientists from and
working in a developing country. They consist in a medal, a certificate and a 1 000 US$ cheque.
One Prize is awarded each year. Until now, the Prizes have been awarded in honour of the late
Alfred Kastler (France), Nobel Prize 1966 and Chairman of the Scientific Council from 1970 to
1983, the late Manuel Sandoval Vallarta (Mexico), Chairman of the Scientific Council from 1964
to 1970, Sigvard Eklund (Sweden), Director General Emeritus of the International Atomic Energy
Agency (IAEA, Vienna, Austria), Nikolaj N. Bogolubov (USSR), a great friend of the ICTP, W.
Heisenberg (Germany), Nobel Prize 1932, and H. Yukawa (Japan), Nobel Prize 1949. Posters
announcing the Prizes are circulated through the Centre's mailing list.
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PART HI

PUBLICATIONS ISSUED IN 1989

PROCEEDINGS

Dates of activity

1. 1987, 9 Feb-6 Mar

2. 1987, 26 Aug -18 Sep

3. 1987, 14-25 Sep

4. 1987, 21-25 Sep

5. 1987, 9 Nov-18 Dec

6. 1988, 15 Feb-18 Mar

7. 1988, 11-22 Apr

8. 1988, 27 Jun-5 Aug

9. 1988, 8-12 Aug
(Perth, Australia)

10. 1989, 8-12 May

Title of Proceedings

Remote Sensing and Resource Exploration

Materials Science and the Physics
of Nonconventional Energy Sources

Economics, Modelling, Planning and
Management of Energy

Workshop on Interaction between Physics
and Architecture in Environment Conscious
Design

Lectures on Riemann Surfaces

Workshop on Applied Nuclear Theory and
Nuclear Model Calculation for Nuclear
Technology Applications

Superstrings '88

Superstrings, Unified Theories
and Cosmology 1988

Fifth Marcel Grossmann Meeting

4th Workshop on Perspectives in
Nuclear Physics at Intermediate Energies

Publisher Pages

World Scientific 300
Publishing Co.
(WSPC),
Singapore

WSPC

WSPC

572

800

"Solar and 21
Wind Technology"

WSPC

WSPC

WSPC

WSPC

WSPC

WSPC

704

924

471

656

1800
(2 vols.)

734

The proceedings of another 14 activities held in 1989 are at print.
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PREPRINTS AND INTERNAL REPORTS

Number of preprints and internal reports issued in 1989: 432.

Number of preprints and internal reports produced by scientists from developing countries: 339.

PREPRINTS AND INTERNAL REPORTS IN
FUNDAMENTAL PHYSICS

AUTHOR

1. S.K. Chakrabarti

2. B.V. Ivanov

3. B.V. Ivanov

4. V.V. Skalozub
V.S. Vanyashin

5. O. F. Dayi

6. B.A. Bambah
C. Mukku

7. A.A. Pankov
I.S. Satsunkevich

8. S.D. Rindani

9. D. Birmingham
M. Rakowski

10. Kei Ito

11. E.D. Kagramanov
R.M. Mir-Kasimov
Sh.M. Nagiyev

12. E.D. Kagramanov
R.M. Mir-Kasimov
Sh.M. Nagiyev

13. GianCarlo Ghirardi
Philip Pearle
Alberto Rimini

14. O.F. Dayi

COUNTRY TITLE

IND Studying shocks in model astrophysical flows

BUL Black holes and the heterotic string

BUL Kasner-type black holes

ICTP SERIAL
NUMBER

[2]

[3]

[4]

Study of W-boson in a magnetic field based upon both [5]
SSR mass operator and effective potential

TÜR d = 3 Chern-Simons action, supergravity and
quantization

[6]

Effective actions for gauge theories with Chern-Simons [9]
IND terms - I

SSR On the possibility of studying extra gauge Z'-boson [20]
effects in e+e' -> ß+ß~ at TRISTAN

IND Quantum consistency of a gauge-invariant theory of a [35]
massive spin-3/2 particle interacting with external
fields

UK Superfield formulation of Chern-Simons
UK supersymmetry

JPN Tachyons in N = 2 superconformai models and
topological instability of defining polynomial
of Calabi-Yau manifolds

[38]

[41]

The covariant linear oscillator and generalized [42]
SSR realization of the dynamical SU(1,1) symmetry algebra

Can we treat the confinement as a pure relativistic [43]
SSR effect?

ITA Markov processes in Hubert space and continuous [44]
spontaneous localization of systems of identical particles

TUR A general action for topological quantum field theories [47]
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15. S.N. Dolgikh
A.S. Schwarz SSR

16. Kei Ito JPN

1 7. E. Abdalla BRA
M.C.B. Abdalla BRA
A. Zadra BRA

18. Van I. Kogan SSR

19. S.C. Mishra IND

20. M.J. Duff
C.N. Pope
E. Sezgin TUR

21. E. Sezgin TUR
E. Sokatchev BUL

22. A.S. Schwarz SSR

23. Ya.l. Kogan SSR
K.G. Selivanov

24. S.C. Mishra IND
Veena Mishra

25. V.K. Dobrev BUL
A.H. Ganchev

26. A.O. Barut TUR

27. S.C. Mishra IND
D. Parashar IND

28. A.A. Tseytlin SSR

29. M. Modarres IRA
K. Ghafoori-Tabrizi IRA

30. V. Novozhilov SSR

31. V.K. Dobrev BUL
A.H. Ganchev

32. L.M. Sokolowski POL

33. L.M. Sokolowski POL

Supergrassmannians, super i-functions and strings [48]

Renormalization group flows in N = 2 superconformai [52]
models

SL(2,R) current algebra in two-dimensional conformai [56]
quantum gravity

The off-shell closed strings as the topological open [65]
membranes - dynamical transmutation of world sheet
dimension

Construction of two dimensional super potentials for [68]
classical super systems
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