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ABSTRACT

SUMMARY
    We created a poloidal vector potential transformer, which consisted of a primary coil 

with a thin and long flexible solenoid coil wound in the toroidal direction on the surface 

of the torus, and a toroidal secondary coil placed inside the torus. A global current return 

path and pigtail compensation winding were provided to prevent the magnetic flux from 

passing through the secondary coil. When the electrical characteristics of this coil were 

measured, a secondary voltage was observed even though there was no magnetic flux 

inside or outside the secondary coil. At high frequencies, the toroidal secondary coil was 

driven from the outside by the vector potential generated by the displacement current via 

the coil-to-coil capacitance. Hence, a steep frequency response of 80 dB/dec was 

obtained. This transformer is unique in that no magnetic flux exists inside the secondary 

coil, but it is rather driven from the outside. This transformer, however, has certain 

disadvantages. First, the resistance is high because the primary winding is very long. 

However, if a superconducting wire is used, a large amount of the current can flow and 

the output voltage will increase. In addition, since the vector potential can affect quantum 

interference, the vector potential coil and superconducting technology are highly 

compatible, and many applications can be expected.
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  We construct a long and flexible solenoid coil by winding a thin, 
insulated wire around a slightly thicker core wire. The flexible 
solenoid resembles a string of a guitar or a piano, and it is wound on 
a torus in the toroidal direction. In a normal toroidal coil, a wire is 
wound in the poloidal direction, but in the case of our coil, the 
flexible solenoid is wound in the toroidal direction. The result is a 
multi-nested coil. We test the usage of this nested coil in a poloidal 
vector potential transformer. Since the winding and the core wire 
are short-circuited at the one end of the flexible solenoid, the 
current returns through the core wire, so that no net magnetic field 
is generated from the global current path. There is practically no 
magnetic field outside the sufficiently long flexible solenoid. 
Consequently, no magnetic flux is created outside the solenoid; 
instead, a vector potential exists. The secondary coil of the poloidal 
vector potential transformer is formed by placing a toroidal coil in 
the internal cavity of the torus. There is no magnetic flux inside 
secondary coil, but a finite induced voltage can be observed. The 
induced voltage is proportional to frequency at low frequencies, but 
sharply increases at high frequencies. The only issue that the 
primary coil is very long. Nevertheless, the developed transformer 
can generate an induced voltage, even if there is no magnetic field 
inside the secondary coil.


