
TeachSpin’s Foundational Magnetic Susceptibility: 

A Conceptual Introduction to the Experiment 
 

 

Early play with magnets allows students to ‘sort the world’ into categories of ‘magnetic’ vs. 

‘non-magnetic’ materials.  But a more careful look will reveal that even samples with no 

permanent magnetism, nor indeed any ferromagnetism at all, will still display some magnetic 

response.  In fact, since Faraday’s time we’ve known that there are materials which are repelled 

by, instead of attracted to, a magnet.  So a proper sorting of materials requires the categories not 

just of ferromagnetic, but also diamagnetic and paramagnetic, materials.  And the proper 

measure of magnetic response requires the definition of magnetic susceptibility – the degree to 

which an external field creates magnetic moment in a sample. 

 

TeachSpin’s Foundational Magnetic Susceptibility apparatus uses a simple and conceptually-

transparent technique to permit the measurement of the static magnetic susceptibility, χ, for 

solid, powdered, or liquid samples.  Via a self-contained magnet-calibration technique, it 

provides measured values for magnetic susceptibility without any reference to a ‘calibration 

sample’.  It unambiguously provides the sign of magnetic susceptibility, thereby sorting dia- 

from para-magnetic materials.  It is sensitive enough to detect the diamagnetism even of liquid 

water, with signal/noise about 10/1.  It comes with a suite of 16 samples of special interest, and it 

accommodates the use of any other sample that you have in volume 3 cm
3
, and can fit into 1-cm

2
 

sample holders.  Finally, it comes with a Manual which rescues magnetic susceptibility from 

obsolete units and theoretical confusion, and which unifies the treatment of experiment and 

theory. 

 

How does it work?  It uses the Gouy technique, often encountered as an end-of-chapter 

homework problem in electromagnetism courses.  A sample having the form of a vertically-

extended uniform ‘log’ of cross-sectional area A, if held from above so that its bottom end lies in 

a region of uniform horizontal magnetic field B (but with its top end in a B ≈ 0 region), will be 

found to ‘act heavier’ if it’s paramagnetic (or ‘act lighter’ if it’s diamagnetic).  So the magnet’s 

force on the sample can be detected as a change in the apparent mass of the sample; that ∆m 

turns out to be given by 

 ∆� ∙ � = ∆�� = �	

��


		. 

Historically this Gouy experiment has been done using a fixed large heavy electromagnet, with a 

light sample being weighed, but the TeachSpin geometry turns this around.  We put a permanent-

magnet structure atop a pedestal that sits on the pan of an electronic balance, and we suspend the 

sample.  Now the forces between the sample and the magnet show up as a change in the apparent 

mass of the magnet structure, but it’s the same ∆m as computed above.  The sign of the ∆m is 

still a transparent indication of the sign of the magnetic susceptibility χ.  

 

Clearly the result above gives the numerical value of the susceptibility χ only if the value of B is 

known in absolute units.  The TeachSpin geometry is motivated in part by the ease with this field 

strength can be measured absolutely.  We use (in place of a magnetic sample) a surrogate sample 

taking the form of a U-loop of conductive copper ribbon, whose bottom end is suspended in the 

high-field region of the magnet.  Then the force i L × B of the magnet on the wire is 



accompanied by its Third-Law companion, a vertical force of the wire on the magnet, and that in 

turn shows up as another apparent mass change on the balance.  The variation of this mass 

change with externally-supplied current i yields the field strength B; it’s about 0.4 Tesla in our 

magnet. 

 

Now the magnetic susceptibility of a material (such as solid titanium, or pelletized bismuth) is a 

dimensionless number suitable for tabulation, but a physicist’s interest in such numbers comes 

from the possibility of computing the susceptibility from first principles.  Those principles 

necessarily include quantum mechanics, since  classical mechanics (via the Bohr- van Leeuwen 

theorem) predicts that no material in thermal equilibrium can have any magnetic moment at all! 

In fact, the Curie paramagnetism that can readily be observed in the TeachSpin apparatus can be 

predicted neatly from quantum mechanics and statistical thermodynamics.  For a sample with 

number density n of atoms or molecules possessing a magnetic moment µ, all interacting with an 

external field but assumed not to be interacting with each other, the susceptibility can be 

predicted to be 
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where kB is Boltzmann’s constant and T is the absolute temperature.  In the ‘spin-only’ 

approximation, the magnetic moment µ of an atom or ion is given by 

 � = �������� + 2 		, 
where µB is the Bohr magneton eħ/2me, and ne is the number of unpaired electrons in the atom or 

ion in question.  That number, in turn, is easily deduced from some claimed chemical facts, 

including above all the number of electrons in un-filled d- or f-shells in the atom.  Your students 

may accordingly be surprised to find that compounds of vanadium, manganese, or copper can be 

just about as magnetic as similar compounds of iron, nickel, or cobalt! 

 

It’s not easy to think of another table-top, non-destructive, room-temperature experiment that is 

so easily conducted, and which requires accessible quantum mechanics for the explanation of its 

results.  We’ve put together an apparatus, a set of samples, and a Manual which do the best 

possible job of introducing students to the motivation for, and the vocabulary of, magnetic 

susceptibility.  We’re confident that if they perform these ‘foundational’ experiments, they’ll be 

prepared to understand the prominence of magnetic measurements in the study of condensed 

matter. 


