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When observing magnetic materias or superconducting vortices usng Lorentz microscopy [1] and eectron
holography [2], it isimportant that the direction of the electro-optical axis and the crystalline orientation of the
specimens as well asthe direction of the magnetic field gpplied can be controlled fredy.  In particular, the
characteridics of quantum vortices (quantized magnetic flux-lines) in high-temperature superconductors are
strongly dependent on crystaline orientetion.  The physical phenomena of the vortices and their dynamic
behaviors change dragticdly depending on the interactions between the externd magnetic fidd and the
crystalline orientation of the materids.  The ability to change the parameters of directions during
observations makes it possible to obtain much more information and increase the accuracy of experiments.
For this purpose, we developed a new magnetic fidld system that can be applied from any direction to the
specimen to be observed.

The schematic structure of the three-coil pairs used to gpply the magnetic field to the specimen is shown in
Fig. 1(a) and the exterior view of the manufactured direction-free magnetic field application system is shown
inFig. 1(b). Thesysem hasthefollowing features.
(1) Anexterna magnetic field can be applied to the specimen from any direction,
(2 Themagnetic application system isindependent of the sample holder,
(3 A sysem of compensation for eectron beam deflection by the externdly applied magnetic field is
incorporated,
(4) Themagnetic fidd application system and the compensation system are controllable by computer,
(5) Non-core coails are used to make a hysteresis-free magnetic field to enable more accurate control of
aweak magnetic field,
(6) Superconducting feed-throughs (electric wires) are used to achieve down-sizing,
(7) The superconducting coil system has the advantages of cooling the specimen and maintaining an
ultra-high vacuum around the specimen.

The magnitude of the magnetic fields applied at an electric current of 500 mA was 9.4 mT horizontally and 54
mT verticdly. We confirmed that the maximum magnetic fieds described above could be practicaly
gppliedtoaspecimen.  In addition, the deflection of the e ectron beam was compensated for and adjusted to
the electro-optical system below the magnetic field application system.

This system has dready been inddled in 1-MV [3] and 300-kV field emisson eectron microscopes and is

now being used to observe the superconducting vortices[4,5].  Examples of observations are shown in Fig.
2.
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Figure 2 Lorentz micrographs of the superconducting vortices usng 300-kV field emisson dectron
microscope;  (a) Niobium (Nb) at 8 mT,  (b) Bi,Sr,CaCu,Og.5 (Bi-2212) at 1.4 mT.
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