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Outline:

1. VSM working principle of and its weak points

2. features of a low losses (i.e. thin filaments) NbTi wire

3 VSM SQUID3. VSM vs SQUID

4. conclusions



Umberto Gambardella WAMSDO 2008

What is a VSM

• The mechanical movement of a sample magnetized in
a uniform background magnetic field is translated into
a voltage;a voltage;

• Thus, among other problems, it NEEDS of calibration.

Two VSM equipments (Oxford MagLab) are available,
a 12 T (ENEA Frascati) and a 16 T (INFM Salerno) Ina 12 T (ENEA Frascati) and a 16 T (INFM Salerno). In
addition cross checks with a SQUID magnetometer
(INFM Genova) are also performed routinely.
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Literature backgroundg
These questions have been addressed in many papers with different approaches.

Rev. Sci.Instrum. 53 9 (1982) 1344 J. Phys. C: Solid State Phys. 11 (1978) 1635
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Phys. Rev. B 61 (2000) 6982
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Our purpose is to get the 
widest information from 

magnetization
a. Low field measurements

• superconducting volume
• critical temperature lower critical field• critical temperature, lower critical field

b. High field measurements
• Critical current value (Fp, etc.)
• Upper critical field (Hc2, Hirr, etc)
• G-L parameter κp

c. Magnetization cycle
• magnetization lossesg e o osses
• time constant of the wire (ρet)
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a Low field measurementsa. Low field measurements
• superconducting volume
• critical temperature, lower critical field

From FC state (few G), theFrom FC state (few G), the
residual magnetization
disappears at the critical
temperat retemperature.
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From ZFC state, the first
magnetization slope is
proportional to the sampleproportional to the sample
volume.
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wire IGC 944 - Cu/Mn - 2.6 μm
nominal NbTi section 0.123 mm2

From the 4 5 K m(H) slope we have 0 066 mm2From the 4.5 K m(H) slope we have 0.066 mm
From a SQUID measure we have 0.046 mm2
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Thin filaments wiresThin filaments wires

It is known that a χ0
correction must be considered
when the ratio λ/R, being R
the filament radius, is notthe filament radius, is not
negligible
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Proximity effects

Sample SC357 fil 5μm
Cu matrix

The linear fit in the range [0÷50] G gives a slope of 2 26 emu/T while in the range [100÷200] G the slope is 0 896The linear fit in the range [0÷50] G gives a slope of -2.26 emu/T, while in the range [100÷200] G the slope is -0.896.
Assuming a demagnetization factor ≈2 the estimated volume/length (1 emu=4π10-10 Wb m) of superconducting NbTi

considering the two slopes is ≈0.37 mm2 or ≈0.15 mm2, respectively (the nominal one is 0.21 mm2)
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b. High field measurements
Critical current value (Jc, Fp, etc.)( c, p, )
Upper critical field (Hc2, Hirr, etc)
G-L parameter κ
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CuMn matrixCu a
Pure Cu matrix
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c. Magnetization cycle
• magnetization lossesmagnetization losses
• time constant of the wire (ρet)
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The wire time constant is related to the transverse resistivity
through filament geometry into the copper matrix:through filament geometry into the copper matrix:
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Twisted filaments, M. Wilson

Untwisted filaments (N=1/2 for round wires), G. Witz, X. D. Su, 
K Kwasnitza, R. Flukiger, Physica C 384 (2003) 334
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A factor 4 between twisted and untwisted (with the same length ot the pitch) give a ρet=3.5 10-10 Ωm



Umberto Gambardella WAMSDO 2008

VSM vs. SQUID

C i i l “ i i d i i di d b lk” A l hC. Tarantini et al, “Magnetization decays in neutron irradiated MgB2 bulk”, J. Appl. Phys. 
(2008) to be published
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ConclusionsConclusions

VSM seems a reliable, flexible and fast instrument to get
li i i f ti i f l lpreliminary informations on wires for low losses

applications, provided that:

• special care must be taken when dealing with thin filaments
wires, as either penetration depth or filament coupling may

ff t th ti taffect the magnetic moment measure;
• the estimated τ of the wire, due to the sample space

limitation, should be considered for an untwisted wire;
• faster ramp rates are however needed to improve the

accuracy of τ measurement.


