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Abstract 

Hydrogen is a promising candidate as an alternative to fossil fuels, with an advantage of no emission 

of carbon dioxide when consumed. Liquefaction of hydrogen is a preferable method to store a large 

amount of it. It is expected that cooling technologies with high efficiency exist for temperature range 

especially around 20 K near boiling point of hydrogen. Magnetic refrigeration may be applied to the 

cooling technologies. Repeated changes of magnetic field (excitation and demagnetization) at magneto 

caloric materials (MCMs) are required for magnetic refrigeration and obtained by static 

superconducting coils with trapezoidal wave current1). 

To easily reduce electric power consumption of the trapezoidal wave current, it was conceived that the 

trapezoidal wave current was generated approximately by resonance as alternating current if static 

superconducting coils were combined with capacitors, especially at low frequency for magnetic 

refrigeration. However, the alternating current will attenuate because of circuit resistance. A method 

was proposed to adjust the alternating current to the trapezoidal wave current and recover it to the 

initial value against attenuation2). The method consists of adding 3 switches to a combination of a static 

superconducting coil and a capacitor and switching on or off as shown in Figure 1. 

Figure 1  3 switches added to a combination of a static superconducting coil and a capacitor 
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This study progressively reports the method regarding repetitiveness of excitation and demagnetization. 

Figure 2 shows an experiment of the method as switches are controlled by programmable logic. 

Because inductance was small such as 4mH of a palm-sized REBCO coil, capacitance was needed to 

be large such as 340F of an electric double-layer capacitor, for resonance at low frequency such as 

0.14Hz. Figure 3 shows a modification of the method to make the capacitor unipolar like an electric 

double-layer one. Thus, the trapezoidal wave current was continuously generated using a palm-sized 

REBCO coil and an electric double-layer capacitor under programmable logic control of switches. 

 

 

Figure 2  An Experiment of Figure 1 

 

 

(I)      (II)      (III)      (IV)     (V)      (VI)     (VII)    (VIII)     (IX) 

Figure 3  A Modification of Figure 1, Consequently (III) after (IX) 
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