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Wavelength of elec-
trons (de Broglie)1

Magnetic polepiece
lens (Ruska, E. & von
Borries)5

HUI (Hitachi’s first
EM).

Hitachi EM Horizontal
column on an optical
bench.23

RCA ‘A’ (Marton, L.)19

JEOL JEM 2.

Glass knife (Latta, H.
& Hartmann J.F.)39

RCA ‘B’ (Zworykin,
V.K. et al.)20

Specimen heating
(von Ardenne, M.)21

Surface replica (Mahl,
H.)22

Cinematography in EM (von
Ardenne, M.)28

Dry-stripping replica (Barrett,
C.S.)29

Metropolitan-Vickers
produces their first
instrument, EM1.9

Siemens Übermkro-
skop – first produc-
tion line instrument.

Electrostatic electron
microscope proto-
type (Mahl, H.)13

Siemens ‘bathtub’,
(Siemens & Halske)12

Commercial TEM with FEG,
(Hitachi)

Shimadzu - SM-1 completed (40kV
x20,000, 5-10nm).

37th subcommittee of the 10th com-
mittee (Japan Society for the promo-
tion of Science – JSPS) established to
research electron microscopy in Japan

Magnetic EM design
(Knoll, M. & Ruska,
E.)6

Electron Diffraction
camera (Finch, G.I.)7

Ernst Ruska imaged a cathode at
~3.5 magnification during a stu-
dent project, thereby creating the
first electron microscope.

Buffered OsO4 fixation (Palade, G.E.)41

Telefocus gun in CSF model M III elec-
trostatic microscope (Grivet, P. &
Regenstreif, E.)40

UHVEM (3MV) (Dupouy, G. et
al.)69

Re-introduction to STEM (Crewe,
A.V.)70

Z-contrast STEM imaging of single
atoms (Crewe, A.V. et al.)71

(LaB6) thermionic cathodes devel-
oped for use in electron
microscopy.

E. Ruska achieved 2-stage imaging
of a grid in transmission at ~16x
magnification.

PTA negative stain (Schmitt,
F.O. et al.)30

Ion getter pump (Varian Bros. USA)47

Ferritin/antibody conjugates
(Singer, S.J.)52

Knoll & Ruska publish a paper in
which the term ‘electron
microscopy’ was first used.4

Rudenberg of Siemens publishes
what is accepted to be the first
patent related to electron
microscopy. Some controversy
surrounds his invention

Magnetic lens (Busch,
H.)2

Prototype TEM, Ruska E. et al.3

OsO4 fixation (Marton, L.)8

Toronto TEM (Hillier
& Prebus)

Prototype S(T)EM
(von Ardenne, M.)10

Convergent beam
electron diffraction
(Kossel, W. &
Mollenstedt, G.)11

Japan Electron Optics
Laboratory Co (JEOL)
formed from en bloc
resignation of staff
from Denshi Kagatu
leading to the instru-
ment JEM-1.

Acrylic (LR White) resin
(Causton, B.)76

First EFTEM (Castaing,
R. & Henry, L.)54

Butyl methacrylate
resin (Newman, S.B. et
al.)36

X-ray microprobe
(Castaing, R.)37

Wedge-cut micro-
tome (von Ardenne,
M.)14

Specimen cooling
(von Ardenne, M.)24

Stereo-pairs (von
Ardenne, M.)16

HVEM (>200kV) One
of Siemens UM in the
first batch of 38 oper-
ated at 220kV.17

First production elec-
trostatic electron
microscope AEG EM5
(Golz & Schliebe)15

Kodak EM (Hall,
C.E.)18

First solid state TEM produced
by Philips, the EM 75.

First Reflexion microscopy facil-
ity in a TEM - EM3A (Page)44

Scherzer proposes a corrector
for spherical aberration using
octupoles and quadrupoles
(Scherzer, O. & Seeliger, R.)42

Axial turbomolecular
pump (Becker)

Freeze substitution,
(Fernandez-Moran,
H.)50

Immunogold (Faulk,
W.P. & Taylor, G.M.)72

Ruska wins Nobel
prize in Physics for
constructing the first
electron microscope.

H R P / D A B / O s O 4
labelling (Graham,
R.C. & Karnovsky)62

Microtome (Porter, K.R. &
Blum, J.)43

Diamond knife (Fernandez-
Moran, H.)45

Double-fixation
(Sabatini, D.D.
et al.)56

Lead citrate
stain (Reynolds,
E.S.)57

Freeze-etching
(Moor, H. &
M u h l e t h a l e r,
K.)55

RCA ‘B’ (x6) (Darwin,
C.G.)25

Shadowing (Muller.
H.O.)26

O s m i u m
Fixation by
Claude.

D e n s h i
Kagatu Lab
founded as
EM supplier.

O b j e c t i v e
stigmator/As
t i g m a t i s m
correct ion
(Hillier, J. &
R a m b e r g ,
E.G.)32

O b j e c t i v e
stigmator/As
t i g m a t i s m
correct ion
( B e r t e i n ,
F.)33

Reprinted from Advances in
Electron Microscopy Supplement
16: The beginnings of electron
microscopy, Ed. P.W. Hawkes,
Academic Press, 1985, p.569,
with permission from Elsevier.

OsO4 fixation, from original paper
by L. Marton, Nature Vol. 133,
p911.

Reprinted from Advances in Electron Microscopy
Supplement 16: The beginnings of electron
microscopy, Ed. P.W. Hawkes, Academic Press,
1985, p.422, with permission from Elsevier.

SEM1 from Breton P.J. 1999 Scanning Microscopy
13 1, courtesy CUED.

‘Amoeba on glass’ [no other details were
given] taken by Ken Smith on his SEM at the
Engineering Labs, Cambridge and published
in Nature, 1955.

Kangaroo dentine etched with an
argon ion beam in Gary
Stewart’s SEM, Engineering
Labs, Cambridge 1960. Arrow
shows direction of ion beam.
Parts of the original surface pre-
served by nickel particles. Taken
by Alan Boyde

Lampbrush from original paper by O.L. Miller,
Journal of the National Cancer Institute, Vol 18,
1965, by permission of Oxford University Press.

RCA publication, image supplied by Wil Bigelow.

Phage from Fernandez-Moran H in
The interpretation of ultrastructure
Ed RJC Harris Academic Press 1962
p415.

Superconducting
lens (Dietrich, I.
et al.)63

L a n t h a n u m
h e x a b o r i d e
(LaB6) source
(Broers, A.)64
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Hyperbaric cooling of samples
(Moor, H., Bellin, G., Sandri,
C.)75
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Ultracryotomy of cells
and tissues (Tokuyasu,
K.T.)73

1976 1980 1984 1988

Instrumentation Biological Samples Materials Samples

F o c u s
Wobbler. A
new electron
microscope
with continu-
ously variable
magnification
(Le Poole)31

Carbon support films,
(Bradley, D.E.)46

Carbon replicas
(Bradley, D.E.)

Thin-metal foil prepa-
ration (Bollman, W.)48

First Lattice images
(Menter, J.)

A u t o r a d i o g r a p h y
(Liquier-Milward, J.)49

Epoxy  resin (Araldite)
(Glauert, A.M. &
Glauert, R.H.)51

First electron micro-
probe instrument,
produced by Cameca,
the MS85.

First UHVEM (1MV)
(Dupouy, G. et al.)53

X-ray analyser attach-
ment to a transmission
electron microscope
(Neff & Herrmann)58

Calibration/lattice-
planes (Dowell,
W.C.T.)59

C o m m e r c i a l
SEM Cambridge
I n s t r u m e n t
C o m p a n y
‘ S t e r e o s c a n’
(Oatley, C.W. et
al.)60

Chromosome
spreads (Miller,
O.L.)61

3-D Tomography (De-
Rosier, D.J. & Klug,
A.)65

FEG (Crewe, A.V. et
al.)67

Combined TEM-
Microanalyser (EMMA)
(Cooke, C.J. &
Duncomb, F.)66

First commercial EMMA -
EMMA-4 (Cooke, C.J. and I.K.
Openshaw)68

First computer control and
adjustment of an electron
microscope (Unitt, B.M. &
Smith, K.C.)74

Commercial EFTEM
with in-column Ω fil-
ter, Zeiss.

High resolution elec-
tron holography
(Lichte, H.)77

ESEM, first production model
(Electroscan)78

E. Ruska dies.

Single atom imaging by TEM (Haga, Y.
& Takayanagi, K.)79

Reprinted from original paper by Y. Haga,
Ultramicroscopy Vol 45, p95, with permis-
sion from Elsevier.

Photo-lithographic grids
(Smethurst Highlight)34

Proposal for use of
holography to improve
resolution (Gabor, D.)35

A modification to
Gabor’s proposed dif-
fraction microscope
(Haine, M.E. &
Dyson, J.)38

Re-sectioning (Sjostrand, F.)27



Electron Microscopy: from birth to maturity

Electron microscopy rapidly developed from a novelty to a highly
fashionable discipline before maturing to its current role in
providing essential insights into the fundamental structure of all
materials, both inorganic and biological.

The EM Section of the Royal Microscopical Society, serves to
foster interest in all types of electron microscopy and analysis in
academia and industry in the UK and beyond. Electron microscopy
in materials and biological science applications are the topics of
various meetings and courses. These cater for all levels of electron
microscope user, from the beginner through to the expert, and
often consider emergent techniques and novel instrumentation.
Current techniques in SEM, TEM, STEM and EFTEM for imaging
and diffraction are among the interests of group members, plus
elemental analysis and cryotechniques. Committee members
represent a cross-section of electron microscopists and attempt
to represent the user interest of the wider EM community.

For sometime we have planned to create a series of time-

lines based on themes in microscopy. This turned out to be

a more demanding task than at first predicted, because ref-

erences are not always accurate and claims to be the first to

achieve something are sometimes misguided! As such, we

present the first of these timelines for the readership to

study and make comment. We have tried our best to make

it accurate, and have sort input from numerous experts in

the field. In particular we thank the EM Section for their time

in collating and reviewing much of the information. In the

future we plan to publish similar timelines with input from

the other RMS Sections, and in doing so, build a detailed

historical perspective of the achievements in microscopy.

Please, therefore, feedback comments or revisions, and

highlight any references you feel ought to have been made

but were omitted through oversight. We look forward to

your response and a lively debate in the Forum section of

future issues.

Adrian Burden

Timeline
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Chairman   
Dr S Best, University of Cambridge
Studies of biomedical materials, mainly in the area of characterising bioactive materials such as
hydroxyapatite.

Honorary Secretary   
Mr Kenneth Robinson, LEO Electron Microscopy 
Scanning electron microscopy 

Members   
Mr Alan Brain, 
The characterisation of biomedical polymers and other biomaterials, tissue engineering and drug
delivery. 

Dr A Crossley, University of Oxford. 
Applications of EM to forensic science.

Dr D Dinsdale, MRC Toxicology Unit.  
Mechanisms of cell injury, both apoptosis and oncosis. Correlation of morphological changes and
immunogold cytochemistry with data from other disciplines.

Dr I. ap Gwynn, University of Wales   
Application of Field Emission SEM to biological material; cryo techniques, including freeze substitu-
tion; backscattered electron imaging; image analysis.

Professor W.M. Rainforth (co-opted), University of Sheffield  
The characterisation of metals and ceramics at high spatial resolution using high resolution electron
microscopy and electron spectroscopic imaging.  

Mr E Samuel, Oxford Instruments Analytical  
Energy-dispersive and wavelength dispersive X-ray microanalysis in SEM and TEM.

Dr J Skepper, University of Cambridge  
In Vitro confocal microscopy, 2-photon excitation microscopy, immunogold labelling, stereology,
Energy-dispersive X-ray microanalysis. 

Dr L. Tetley (co-opted), University of Glasgow  
Energy Filtering Electron Microscopy and Imaging 

Dr A. Warley, St Thomas’s Hospital 
The application of EPXMA to biological specimens. Current projects include: The role of potassium in
the development of apoptosis. Subsarcolemmal gradients in ischaemia reperfusion injury. The speci-
ation of iron in ferritin cores after the development of liver disease.
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Further Reading
Advances in imaging and electron physics, vol 96; The growth of electron microscopy, editor Tom Mulvey,
Academic Press 1996, London.

History of Electron Microscopes – Editor Hiroshi Fujita, International Congress on Electron Microscopy,
1986, ISBN 4-930813-17-4.
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