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Electron Ripples Produced at Small Holes in Collodion Film




InterferenV—
p—




@ Source

/ \ _|_/ Electron biprism

L7y

Detector HITACHI

o




Wave-particle Duality of C5; Molecules \

Markus Arndt, Olaf Nairz, Julian Vos-Andreae,
Claudia Keller, Gerbrand van der Zouw & Anton Zeilinger

- Nature 401 (1999) 680
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‘ Field-Emission Tip (SEM Image) I



Brightness of electron beam
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History of Development of Bright Electron Beams
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» Experiments on Electron Holography

B=10 6A/c:m2 . Ster

" Development of Coherent FE Electron
Beams

" 80-kV FE Electron Microscope

B=10 8A/(:m2 . Ster

" 250-kV FE Electron Microscope

» 350-kV FE Electron Microscope
» 1-MV FE Electron Microscope



Electron interference pattern



History of Development of Bright Electron Beams
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» Experiments on Electron Holography
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" Development of Coherent FE Electron
Beams

" 80-kV FE Electron Microscope
" 250-kV FE Electron Microscope

» 350-kV FE Electron Microscope
» 1I-MV FE Electron Microscope
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Observation of Surface Steps on MoS, film
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‘ Aharonov-Bohm Effect I




Toroidal Magnets Covered With Superconductors
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Scanning electron micrograph Schematic

Toroidal Ferromagnet Covered with a Superconductor







Phase difference = 0.87n # Phase difference =n
at T=15K at T=5K



Offentliche Vortriige an der Universitit Ulm:
So. 14. Mérz 19:30.30 Uhr

Finstein Lecture (Horsaal H22)

“ Einstein”s Impact on Theoretical Physics

of the 21st Century » — C.N.Yang —




At Memorial Symposium of 125" Birthday of Einstein
— C. N. Yang — Ulm Germany 2004.3.14



Professor Chen Ning Yang Nobel Laureate in Physics (1957)
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Free space Uniform AB effect
magnetic field
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Parallel Transport of Arrows in 2D Surfaces
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Magnetic field

5()0,& Oscillation of resistance
: ' due to interference effect

The Aharonov - Bohm Effect in Metals
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Magnetic field

5()0,& Oscillation of resistance
: ' due to interference effect

The Aharonov - Bohm Effect in Metals




(Nature)
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Electronic State Changes due to Magnetic Field
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Electronic State Changes due to Magnetic Field
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field

Electronic State Changes due to Magnetic Field
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Quantized Vortices In Supercq

1957

1964

1967
- 72

1969

1992

Prediction ( Abrikosov)

Observation of vortex lattice
— Neutron diffraction —

Theoretical investigation of direct observation
* Hirsch - Wohlleben * Yoshioka
* Colliex & Jouffrey " Pozzi & Valdreé

Detection of a vortex by electron phase shift of mr
= Wahl, Lischke

Dynamic observation of vortices by Lorentz
microscopy (350-kV microscope)




Quantized Vortices Iin Superconductors

1957 * Prediction (Abrikosov)

1964 = Observation of vortex lattice
— Neutron diffraction —

1967 & Theoretical investigation of direct observation
- 72 * Hirsch = Wohlleben * Yoshioka
* Colliex & Jouffrey " Pozzi & Valdre

1969 = Detection of a vortex by electron phase shift of mr
= Wahl, Lischke

1992 * Dynamic observation of vortices by Lorentz
microscopy (350-kV microscope)




Quantized Vortices Iin Superconductors

1957

1964

1967
- 72

1969

1992

Prediction ( Abrikosov )

Observation of vortex lattice
— Neutron diffraction —

« Theoretical investigation of direct observation

* Hirsch = Wohlleben * Yoshioka
* Colliex & Jouffrey " Pozzi & Valdreé

Detection of a vortex by electron phase shift of mr
= Wahl, Lischke

Dynamic observation of vortices by Lorentz
microscopy (350-kV microscope)










Topological Defect
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Lorentz Micrograph of Vortices in Ratchets




Lorentz Micrograph of Vortices in Ratchets




Lorentz Micrograph of Vortices in Ratchets




Dynamics of Untrapped Vortices ( X1.5)
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' Electron Microscope
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= Highest lattice resolution

— Newton Magazine —
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. ® Bitter Figure of Triangular Lattice of Vortice
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Bi-2212
Observation of Chain Structures of Vortices by Bitter Method

YBCO

(Gammel et al.)
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Vortex Images in YBCO at Tilted Magnetic Field

PRL, 88 (2002) 237001



Magnetic field

Eik N E» -
«\»\ i

/03 . 03% Lorentz / S = .7
micrograph

‘ What happens when the magnetic field tilts? ‘
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Bi-2212
Observation of Chain Structures of Vortices by Bitter Method

YBCO

(Gammel et al.)
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Elliptical vortex

‘ Chain-Lattice State In Bi-2212 I




Superconductor

Vertical vortex

Elliptical vortex

‘ Chain-Lattice State In Bi-2212 I
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‘ Chain-Lattice State In Bi-2212 I




~ Chain vortex

Superconductor

Vertical vortex o
Elliptical vortex

‘ Chain-Lattice State In Bi-2212 I




Chain

Disappearance of Images of Chain Vortices (70K)
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Disappearance of Images of Chain Vortices (57 K)

Science, 294 (2001) 2041



~ Chain vortex

Superconductor

Vertical vortex o
Elliptical vortex

‘ Chain-Lattice State In Bi-2212 I
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Superconductor

Vertical vortex o
Elliptical vortex

‘ Chain-Lattice State In Bi-2212 I




Magnetic field

Eik N E» -
«\»\ i

/03 . 03% Lorentz / S = .7
micrograph

‘ What happens when the magnetic field tilts? ‘
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‘ What happens when two neighboring vortices overlap ? ‘
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