
magnetic field stability
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an amplitude of a magnetic field of iron core 
electric magnet changes even under constant 

current. Its underling physics still remains 
puzzle.



magnet stability  of a cyclotron has been in dispute
at AGOR, Osaka, JAEA



once there was a standard theory:
1) Bloch Equation for magnetization 
of iron:
M(T)=M0 (1-3.4 10-6 K-1.5 T1.5)
M0 magnetization a zero temperature

 dB/B/dT= -90 ppm/K

3) Physical change of Gap length and Magnet length:

for gap,linear expansion temp.coefficient= -12 ppm /K
for axial length= +12ppm/K

2) Volume effect: spin density

M0 (T)= M0 (T0)(1- 3.6 10 (T-T0))

           dB/B/dT=-36 ppm/K



spice@NIRS
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field changes while current is stable @SPICE
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detail study @spice

0.1 degree resolution





hysteresis effecthysteresis effect

67ppm/division



• there is a fine time structure

yoke temperature



conclusion

• Under good air conditioning,the amplitude of the 
magnetic field is strongly correlated with coil temperature.

• The observed temperature coefficient of the iron core 
electromagnet is about +14 ppm/degree. It is positive and 
can not be explained by the standard Bloch theory.  

• Note hysteresis effect is larger than the temperature effect. 
We would monitor B magnet and Q magnet by the NMR.

• Local thermal insulation is economical and recommended.


