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Grand Canyon Pioneer 50-mi. Endurance Ride, 
October 12, 2004

Safety First
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Figure 1 – page 182
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https://www.globalsino.com/EM/page37
56.html

An 
electromagnetic 

lens has a 
focusing effect 
on electrons









https://en.wikipedia.org/wiki/Cathode-ray_tube#/media/File:Cathode_ray_Tube.PNG

The Cathode Ray Tube (CRT)



https://en.wikipedia.org/wiki/Julius_Pl%C3%BCcker https://en.wikipedia.org/wiki/Johann_Wilhelm_Hittorf

1858-1876 - Discovery of Cathode Rays: What we now call electrons

https://en.wikipedia.org/wiki/Cathode-
ray_tube#:~:text=The%20term%20cathode%20ray%20was,was%20a%20beam%20
of%20electrons.

The term cathode ray (named by 
Eugen Goldstein) was used to 
describe electron beams when they 
were first discovered, before it was 
understood that what was emitted 
from the cathode in a vacuum tube 
was a beam of electrons.

Cathode rays were discovered by Julius 
Plücker and Johann Wilhelm 
Hittorf. Hittorf observed that some 
unknown rays were emitted from 
the cathode (negative electrode) which 
could cast shadows on the glowing wall of 
the tube, indicating the rays were traveling 
in straight lines.



1890
Arthur Schuster 
demonstrated that cathode 
rays could be deflected by 
electric fields.

1879
English physicist and chemist William 
Crookes investigated cathode rays in 
1879 and found that they were bent by 
a magnetic field; the direction of 
deflection suggested that they were 
negatively charged particles.

Discoveries that 
cathode rays can 
be deflected (bent) 
by electric and 
magnetic fields



J. J. Thomson found that the cathode 
rays can be deflected by an electric 
field. By balancing the effect of a 
magnetic field on a cathode-ray 
beam with an electric field, Thomson 
was able to show that cathode rays 
are actually composed of particles.

https://chemed.chem.purdue.edu/genchem/history/thomson.html#:~:text=In%20the%20SI%20system%2C%20charge,10
8%20coulomb%20per%20gram. https://en.wikipedia.org/wiki/J._J._Thomson

Thomson showed that cathode rays 
were composed of previously unknown 
negatively charged particles (now 
called electrons), which he calculated 
must have bodies much smaller than 
atoms and a very large charge-to-mass 
ratio.

1897
Sir J. J. Thomson
Credited with the Discovery 
of the Electron



Thomson constructed a Crookes tube with a better 
vacuum. At the start of the tube was the cathode 
from which the rays projected. The rays were 
sharpened to a beam by two metal slits – the first of 
these slits doubled as the anode, the second was 
connected to the earth. The beam then passed 
between two parallel aluminum plates, which 
produced an electric field between them when they 
were connected to a battery. The end of the tube 
was a large sphere where the beam would impact on 
the glass, created a glowing patch. Thomson pasted 
a scale to the surface of this sphere to measure the 
deflection of the beam. Any electron beam would 
collide with some residual gas atoms within the 
Crookes tube, thereby ionizing them and producing 
electrons and ions in the tube (space charge); in 
previous experiments this space charge electrically 
screened the externally applied electric field. 
However, in Thomson's Crookes tube, the density of 
residual atoms was so low that the space charge 
from the electrons and ions was insufficient to 
electrically screen the externally applied electric 
field, which permitted Thomson to successfully 
observe electrical deflection.



https://www.irishstewpodcast.com/blog/george-johnstone-stoney-physicist-1826-1911/

1891
Irish physicist George 
Johnstone Stoney

names the first ”subatomic 
particles" electrons





“When in 1897 an English physicist, J.J. Thomson, 
discovered that cathode rays were beams of 
negatively-charged particles, Fitzgerald immediately 
realized these particles were Stoney’s electrons. 
Today, Thomson is credited with discovering the 
electron (though for years he persisted in calling 
them corpuscles) and Stoney is credited with 
inventing the concept and name.”

Stoney, G. J. (1881). "On the Physical Units of Nature" . Phil.Mag. Vol. 5, no. 11. pp. 381–390. 
(https://www.biodiversitylibrary.org/item/120838#page/394/mode/2up)



Scanning Corpuscle Microscopy
(SCM)



The Discovery of the Wave Nature of Electrons

1924
de Broglie’s 
Hypothesis
(in his Ph.D. 

thesis!!)

1929
de Broglie’s
Nobel Prize

https://en.wikipedia.org/wiki/Louis_de_Broglie



  
λelectron  = 150

E(eV)
  [Å]

Wavelength of Electron vs. Electron Energy
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Note! This is a non-relativistic expression, useful for low-energy electrons 
(up to a few keV), but not correct for high energy electrons (a few hundred 
keV, as in a transmission electron microscope).

Useful exercise: Derive the corresponding relativistic formula.



  
λelectron  = 150

150
  = 1 [Å]

Wavelength of Electron vs. Electron Energy

Low Energy Electron Diffraction (LEED) : E = 150 eV
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Discovery of the wave nature of the electron



  

λelectron  = 150
300,000

  

= 0.0005 = 0.0224 [Å]

Wavelength of Electron vs. Electron Energy

Transmission Electron Microscopy (TEM) : E = 300 keV
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This is an approximation – not relativistically correct



Serial vs. Parallel image acquisition
Serial acquisition Parallel acquisition

Yellow Salsify





https://en.wikipedia.org/wiki/Manfred_von_Ardenne

The first “true” Scanning Electron 
Microscope was demonstrated by 

Manfred von Ardenne in 1938



von Ardenne – scanned electron image at 23 kV (1938)



“The scanning electron 
microscope has a prehistory, 
in Germany and the USA, but 
the instrument we know 
today began life in 
Cambridge in 1948, when 
Charles Oatley gave 
“Construction of a scanning 
electron microscope” to 
Dennis McMullan as his PhD 
project.”

Scanning Electron Microscope Pioneers 
Dennis McMullan (1923–2015) and Ken 
Smith (1928–2020): SEM, Whisky, 
Chocolate, and Fast Cars

Dennis McMullan
University of Cambridge



“Surely Dennis must be an inspiration to us all for living to 91 years old on 
a diet heavily influenced by whisky and chocolate!” 

(quote attributed to Dennis’s niece)



That first instrument 
contained all the essential 
features of the 
sophisticated instruments 
we know today. In 
particular, he designed and 
built a stabilized power 
supply and CRT display with 
a nonlinear video amplifier 
and introduced double-
deflection, which is now 
standard.



2016
Sickafus
SEM image of the 
surface of a 
sintered sample of 
MgAl2O4 spinel


