MAGNETIC SHIELDS PERMEABILITY MEASUREMENT.

INTRODUCTION
In relation with the Purity Demonstration for the LArTPC we have continued to run preliminary tests on materials of interest.  One area we have looked at is how to find a precise measurement of the flight time of the electron drift inside the photomultipliers contained in the chamber, which is essential to our calculations. As we know from elementary physics, a charged particle is affected by the Lorentz force when there is an external magnetic field surrounding it.  The Earth produces a magnetic field of approximately 0.5 mTeslas, which is enough to cause a variation in the liberated electrons’ path inside the photomultipliers.  Magnetic shields are used in order to prevent this phenomenon.  It should be noted that all of the devices mentioned will be put under cryogenic temperatures, which brings up the following question:  Do the magnetic shields still function under these cryogenic conditions? The objective of this experiment was to answer this question.

PROCEDURE 1.
An important characteristic in AC circuits is the inductance. The inductance of an inductor is dependent on the material it’s surrounded by, in that the inductance is directly related to the permeability of the surrounding material. In order to use this characteristic we tried to determine the inductance of an inductor which was wrapped around a cylindrical magnetic shield. 
We used a pulse generator and a 50Ω resistor to create an AC, which we were able to modify by changing the frequency and the pulse shape of the pulse generator. We attached a long wire to the end of the resistor and then wrapped this wire around the cylindrical magnetic shield.  Using an oscilloscope we could measure the output signals of the pulse generator and the one across the resistor. The following scheme (Fig.1). It should be noted that we put a Faraday’s cage around the inductor.[image: ]
Fig. 1. Shows the circuit we followed
We then took measurements with the scope and this is one of the graphs we got (Fig.2).
[image: E:\FermiLabSP\fexp90.png]
Fig.2 Graph taken with the scope shows a difference in the phase of the pulses.
On the figure 2, the blue pulse is the output signal across the resistor; the purple pulse is the pulse we were getting across the inductor.
Now, we know that the following equation holds:

 
So when we have the maximum rate change of the current we will have the maximum emf we should have a phase difference of 90° and that is not what we observed (red lines).  



PROCEDURE 2. 
In order to try to clarify the situation we tried with a different method, which was using the magnetic shield as a transformer, so we wrapped another long wire on the other side of the magnetic shield, this time we had 10 turns.  We proceed to use the scope again and measure the signals. What we observed was pretty much the same; we did not have an appropriate phase difference. 
Since we were dealing with a material much more complicated than we thought, we could not determine the permeability of the shields and therefore didn’t put the shields under cryogenic conditions since we didn’t know what was happening under room conditions.


 
image1.png
0SCILLOSCOPE

PULSE GENERATOR

500

L PR

CHANNEL 179

0BE 2

ﬁi

CHANNEL 2

100 turns

MAG. SHIELD




image2.png
—

Pras(c1,02) 1377
13770492
1377 WaT
o080 m 10

Prasicz03) 1405°

Hu: 14032398
1403 1403

si0s 10

L L I I
oz ooy M10OmSS 0k 200psht
e T0omy A chz 7 Bomy





