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Dynamics of vortices in superconductors

Figure 5. Interference micrograph of hexagonal cobalt particle: (a) Reconstructed image; (b) Two-times phase-ampli-
fied contour map; (c) Two-times phase-amplified interferogram; and (d) Lorentz micrograph. No contrast can be seen
in the reconstructed image (a), whereas in-plane magnetic lines of force are displayed as contour fringes in the contour
map (b). The direction of magnetic lines can be determined to be clockwise from the interferogram (c). The Lorentz
micrograph (d) can be obtained optically from the hologram, from which it is difficult to determine the magnetic domain

structure.
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Figure 6. Temperature dependence of electron inter-
ferogram of toroidal samples. (a) A® = 0.3 rat T =
300K; (b) AP =087atT=15K; (c) AP = 7atT
= 5 K. M: Magnetization; J: supercurrent.

beams, one passing through the hole and the other pass-
ing outside the toroidal sample.
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Figure 7. Experimental arrangement for observing
magnetic vortices.

An example of this result is shown in Figure 6.
The phase shift at room temperature was 0.3, as shown
in Figure 6a. However, when the sample temperature
was reduced, the phase shift gradually increased to 0.87
at T = 15 K and then jumped to 7 at Tc (= 9.2 K).

This behavior can be interpreted as follows. Above
Tc, the phase shift is determined by the magnetic flux
flowing inside the magnet. The temperature dependence
of the phase shift from 300 K to 15 K arises from the
fact that magnetization in the permalloy increases by 5%
due to the decreasing thermal fluctuations of the spins.

When T decreases below Tc, supercurrent begins to
flow in the inner surface layer of the hollow supercon-
ducting torus, so that the total magnetic flux is an inte-
gral multiple of h/2e. The phase shift becomes 7, since
the number of flux quanta trapped in this sample is odd.




