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Enrst Ruska 1906-1988

"for his fundamental work in electron optics, and 

for the design of the first electron microscope"  

(Nobel Prize in 1986)
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:  

Louis de Broglie 1892-1987

m (kg)

v (m/sec)

��(m)

c :

3.00 x 10 8 m/sec

h :

6.626 x 10 -34 J·sec
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gaussian optics  

33 34 

35 36 



37 

Kikuchi Map fcc  
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Fe-Cr-N  
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Al-Cu

67

nature, 1938
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phase diagram-2 w/ quenchingphhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhase diagrammmmmmmm---------2 w/ quenching

Cu

Cu-0.5at%Ti
Cu-1.0at%Ti
Cu-3.0at%Ti

Cu-0.5at%Ti

Cu-3.0at%Ti

�-Cu4Ti I4/m)
a=5.84 Å c=3.62 Å

aging

Cu-Ti 
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Real  lattice

��Cu4Ti (I4/m)�

a=5.84 , c=3.62

���Cu4Ti : f.c.c. Cu 

: [001]��// [001]fcc  &   (100)��// (310)fcc
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573K 20hr 220 two-beam

g220
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573K 300hr 220 two-beam g220

Cu-matrix
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3.62Å

5.84Å

�-Cu4Ti   tetragonal

Lattice mismatch  between  a-Cu4Ti  and  Cu

Cu   fcc

Orientation Relationship : [001]�//[001]fcc   &   (100)�//(310)fcc

Lattice mismatch: 2%

Generates compressive strain fields around precipitate
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AB contrast

g220

Ashby-Brown 
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573K 300hr  220 two-beam

Ashby-Brown contrast

10 15nm

g220
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zone axis condition

573K 300hr [001] zone axis

Cu - 1at% Ti

��-Cu4Ti precipitates imaged under the [001] zone axis condition. 
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STEM Z

Al-Cu system

Al-Ag system
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https://arim.imr.tohoku.ac.jp/tutorial
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Seeing is believing.
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