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Motivation 

The principle of science, the definition almost, is the following: 'The test 
of all knowledge is experiment'. Experiment is the sole judge of 
scientific 'truth.'. . . Experiment itself. . Gives us hints. . But also needed 
is 'imagination' to create from these hints the great generalizations - to 
guess at the wonderful, simple, but very strange patterns beneath 
them all. And then to experiment to check again, whether we have 
made the right guess.  
This imagination process is so difficult, that there is a division of labor 
in physics: there are theoretical physicists who imagine, deduce and 
guess at new laws, but do not experiment; and then there are 
experimental physicists who experiment, imagine, deduce and guess.“ 

 
Richard Feynman, Lectures on Physics 



Outline 

1. Structure of solids (crystal structure) 
 

2. Electronic structure (band structure, core levels) 
 

3. Magnetism (individual mag. moments, magnetic 
structure, mag. dynamics) 
 

4. extreme conditions: high pressure, low 
temperature, high magnetic fields, ultra high 
vacuum 
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L. Germer 

1927 

C. L. Davisson 

Nobel price in physics 1937 for Davisson 
(shared with Thomson) "for their experimental 
discovery of the diffraction of electrons by 
crystals" 











Ir(100) Ir(111) 



Nobel price in physics 1943"for his 
contribution to the development of the 
molecular ray method (and his discovery of the 
magnetic moment of the proton)” 

O. Stern 





STM 

DFT 

HAS 



Nobel price in physics 1914 “for his 
discovery of the diffraction of X-rays by 
crystals” 

M. von Laue 

Nobel price in physics 1915 "for their services 
in the analysis of crystal structure by means of 
X-rays" 

W. L. Bragg W. H. Bragg 



Four circle diffractometer 
(Eulerian cradle) 

large version (synchrotron) 

small version (lab) 



CuSO4 

DNA 

Quasicrystal 







Nobel price in physics 1994 "for pioneering contributions to the development of neutron 
scattering techniques for studies of condensed matter" jointly with one half to Bertram N. 
Brockhouse "for the development of neutron spectroscopy" and with one half to Clifford G. Shull 
"for the development of the neutron diffraction technique” (work done in the 1950s-1960s) 

B. N. Brockhouse C. G. Shull 













Nobel price in physics 1988 " "for his fundamental work in electron optics, and for the design of 
the first electron microscope" (work done in the 1930s-1940s) 

E. Ruska 





scotch tape on Si wafer with 
300 nm SiO2 on top 

inteference-like constrast in optical 
microscope allows detection of single-layered 
graphene 

2004: Tesafilm-Graphen 



Nobelpreis in Physik 2010 

K. Novoselov A. Geim  

“für grundlegende Experimente mit dem 
zweidimensionalen Material Graphen" 









bright field dark field (c) 





SrTiO3 (strontium titanate) 
perovskite structure 

Z. Zhang, W. Sigle, F. Phillipp, M. Rühle, 

Science 302, 846 (2003) 

HRTEM of SrTiO3 



G. Richter, Strontium (2005) 



HRTEM of graphene 

J. C. Meyer, C. Kisielowski, R. Erni, M. D. Rossell, 

M. F. Crommie, A. Zettl, Nano Lett. 8, 3582 (2008) 



HRTEM of graphene 

J. C. Meyer, C. Kisielowski, R. Erni, M. D. Rossell, 

M. F. Crommie, A. Zettl, Nano Lett. 8, 3582 (2008) 

Stone-Wales defect 



Interaction of e- with matter 



SEM – principle of operation 

 



SEM 

 



Interaction of electrons with matter 

1 keV 10 keV 

C 50 nm 1000 nm 

Au 10 nm 200 nm 



Contrast formateion by secondary e- 



SEM of graphene on Ir(111) 



LEEM 







Nobel price in physics 1986 for Binnig and 
Rohrer (shared with Ruska) “for their design of 
the scanning tunneling microscope". 

G. Binnig H. Rohrer 





I  e -2d 





Band structure of Aluminium 



Band structure of copper 













Si(111) – 7x7 Rekonstruktion 





Chemischer Kontrast für PtRh-Legierung ((111)-Oberfläche)) 









-eU 





„Quantum Corral“, Fe/Cu(111) (Crommie, Lutz, Eigler 1993), 
image width 1.3 nm 





Applet for confinement in circular well: 
 
http://www.st-
andrews.ac.uk/~qmanim/animations_2/2D_Circular_Well_V2.
swf 



The Well (Quantum Corral) (2009) by Julian Voss-Andreae. 















AFM: Force – distance curve, modes of 
operation 

contact 

Non-contact 



AFM: Q-Plus sensor 

Si(111)  -7x7 



Can you really „see“ atoms? 

René Magritte, 1923 

Ceci ne sont pas des atomes 

Carsten Busse, 1999 (Al(111)) 


