Electron microscopes enable clear observation of micro-structures, which is not possible
with optical microscopes. Moreover, they also make it possible to analyze substance
structures and obtain atomic level information by using an electron beam. The electron
microscope is an epoch-making invention used throughout the world to investigate an
atomic world that we could hardly imagine.

As explained above, the ability to distinguish a small structure, that is resolution, largely depends
on the wavelength of the “wave” used to illuminate the specimen.
The nature of this “wave” may be easily understood by comparing it to the wave pattern arising
when a small stone is thrown into a lake. Assume the waves on the water surface come into contact
with a rock protruding above the surface. If the rock is larger than the length between the crests of
the waves (wavelength), then the wave pattern does not continue behind the rock (Fig,1). This
creates a shadow. If the rock is smaller than the wavelength, however, the wave pattern will not be
interrupted behind the rock and there is no shadow. In this case, the existence of the rock cannot be
detected.
Whereas the wavelength of visible light is 400 to 800 nm (1 nanometer is one 100,000th of
0.1mm), the wavelength of the electron beam, which is used as a light source in the electron
microscope, varies depending on the accelerating voltage. The accelerating voltages commonly used
are 100 to 200k (corresponding to wavelengths of 0.0037nm to 0.0025nm).
This wavelength is far shorter than that of light, and sufficient to distinguish the arrangements of
atoms (several nanometers). For the optical microscope the combination of the lens is varied to
alter the magnification. In contrast, for the electron microscope, the intensity of the electric current
passed to the electromagnets is varied to change the intensity of the magnetic field. This
corresponds to the changing the thickness of a convex lens. In fact, by manipulating the electric
current, the magnification can be freely controlled.

