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Magnetoelastic phenomena of solids are widely 
investigated because of the fundamental importance of 
the interactions between electronic and lattice degrees 
of freedom, for instance, in magnetic materials or 
superconductors. On one hand, such investigations 
allow us to prove microscopic models and theories, 
including crystal electric fi eld and magnetic exchange 
interactions; on the other hand, aspects of technical 
application, such as giant-magnetostrictive devices, 
magnetic switches and sensors, substrates for 
magnetoresistive thin fi lms etc., are of great interest. 
Most of the investigations are focused on ferromagnets. 
Recently antiferromagnets have attracted more interest 

because they show quantum critical points when a fi eld 
is applied (i.e., at the transition to fi eld induced ferri- or 
ferromagnetic states in the limit of zero temperature).

Capacitive dilatometers are extremely sensitive devices 
for measurements of the change in length ν l

0
, 

when an external magnetic fi eld H or the temperature
T is varied (the property in the fi rst case is called 
forced magnetostriction, whereas the second type of 
measurement is the thermal expansion). The properties 
ν are the components of the magnetostriction strain 

tensor. The derivatives of the curves ν(T,Hν(T,Hν(T,H )ν)ν with 
respect to T or HνHνH give the expansion coeffi cients 

T
(T,Hν(T,Hν(T,H )ν)ν and

HH
(T,Hν(T,Hν(T,H )ν)ν ( …direction of the measurement, 

…fi eld direction). In such a capacitive dilatometer the …fi eld direction). In such a capacitive dilatometer the 

Figure 1a. The miniature dilatometer mounted at 
the 33 T magnet sample stick. The capacitor is 
surrounded by silver screening plates (right hand 
side). The slot marks the capacitor gap, which is in 
the order of 100 m. The small plastic tube contains 
the sample thermometer.
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Our user program continues to attract not only new scientifi c projects, 
but also advances in instrumentation. In a recent visit by the Dresden 
and Vienna Team of Doerr and Rotter, a highly engineered capacitive 
dilatometer was employed to carry out magnetostriction studies of  SmCu2, 
where the commensurate and incommensurate antiferromagnetic phase 
boundaries were mapped out in the fi eld range between 20 and 33 T. 
Doerr and Rotter plan to return to the NHMFL late this Fall to extend the 
range of the dilatometer studies into the 45 T hybrid magnet range.



change of length is transduced to  the movable part of 
a capacitor and results in a capacitance change. This 
method is extremely sensitive (in practice between dl/l

0

 10-9 and 10-6) using the high precision of modern 
capacitance bridges. The size of modern dilatometers 
could be reduced and a special miniature dilatometer 
(see Fig. 1a and b) was developed with a diameter of 22 
mm.1 Because the sample is housed inside the capacitor, 
the height of the dilatometer cell could be minimized 
so that the longitudinal as well as the transversal 
components of the strain tensor can be analyzed. The 
construction is based on the tilted plate technique so 
that the problem of holding the plates parallel to each 
other is overcome. The small size (which, in principle, 
could be reduced to a characteristic length less than 20 
mm) allows us to mount the capacitor cell into the free 
sample space of cryostats, furnaces, or strong magnets, 
especially in the 33 T or 45 T magnets at the NHMFL.

Before starting the measurements it is necessary to 
take care of the following: The noise due to electrical 
infl uences and mechanical vibrations can result in 
a remarkable reduction of the resolution. It is very 
important to isolate the sample stick and all measuring 
devices galvanically from the power line and the ground 
of the cryostat (especially to avoid ground loops). This 
can be done using isolation tape and special plastic 
spacers in the vacuum line. By taking these precautions, 
a resolution of about 10-6 in dl/l

0
was realized. The 

infl uence of mechanical vibrations was rather small; 
the given resolution value got worse by a factor of 3, 
approximately, after starting the cooling water fl ow. It 
should be possible to minimize this effect by further 
miniaturization of the capacitance cell so that it is not 
touching the cryostat. Last, we want to mention that the 
experiments were done with fi eld ramp rates of 1 T/min 
or 2 T/min. Higher rates can result in eddy currents, 
which heat up the cell during the scan. Because the 

magnetostriction often is much smaller than the thermal 
expansion of a solid, temperature instabilities may lead 
to magnetostriction artifacts.

The experimental team 
M. Doerr (University of Technology, Germany, left) and 
M. Rotter (Vienna University, Austria, right) after the 
preparation of the experiment.

Figure 1b. Drawing of the tilted plate miniature 
dilatometer.1 The sample is mounted inside the 
capacitor. The parts are in detail: (a) and (p) 
capacitance plate holder (Ag), (b) and (o) upper and 
lower capacitance plate (Ag), (c) electrical shielding 
of sample space (brass), (d) sample support (Ag), 
(e) sample, (f) and (n) isolation washer for electrical 
sample isolation (sapphire), (g) and (h) mounting 
holes, (i) plate holder nuts, (j) electrical isolation 
(capton), (k) disk spring (Cu-Be), (l) groove for 
temperature stabilization of the wires, (m) thread bolt 
(brass), (q) adjustment nuts, (r) needle bearings.
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We performed experiments in the 33 T magnet of the 
NHMFL on some of the orthorhombic RCu

2
 (R (R (  = Sm, 

Gd, Tm) compounds, which are examples for rare 
earth-based antiferromagnets. Among these, SmCu

2
 has 

attracted the most interest because of the sign reversal 
of the anisotropic part of the two ion interaction.2

The magnetic moment is only 0.5 
B
/f.u. due to a 

partial compensation of the orbital and spin moment. 
The magnetic phase diagram (see Fig. 2) contains an 
unconventionally shaped line for the transition into the 
induced ferromagnetic state with a critical fi eld of about 
27 T at 4.2 K. Our magnetostriction results, taken at the 
same temperature, offer steady high fi eld data of SmCu

2

for the fi rst time. They confi rm the antiferromagnetic-
ferromagnetic transition and show that the lattice 
is remarkably infl uenced by this magnetic ordering 

Figure 2. Magnetic phase diagram of SmCu2.2
AF1, AF2 and AF3 denote commensurate and 
incommensurate antiferromagnetic phases, LT is 
a low-temperature modifi cation of AF1 and F is the 
induced ferromagnetic state. The closed symbols 
are the results of magnetization measurements in 
pulsed fi elds and the open symbols are from lab 
measurements of magnetization or magnetostriction.

Figure 3. Magnetostriction of SmCu2 in steady high 
fi elds along the (easy) b-axis measured in the 33 T 
magnet at the NHMFL in Tallahassee.

process. The magnetostriction in fi elds along the (easy) 
b direction  (see Fig. 3) is characterized by an expansion 
of the a axis of a = +2.7x10-3 at 24 T, the b and c axes 
contract  by b = -0.8x10-3 , c = -2.5x10-3. In contrast to 
these large values, the magnetostriction in fi elds along 
the a or c axis is rather small and does not exceed 10-4

up to 33 T. 

Moreover, basic magnetoelastic investigations were 
done at the pure rare elements Sm and Tm, because for 
both elements no magnetostriction data are available.3 

It can be concluded that the capacitive method is a 
very sensitive tool, also at the highest steady fi elds and 
extended the pool of interesting experimental methods 
at the NHMFL. It can be applied to a large number of 
systems and promises many deep and new insights into 
the nature of magnetism and superconductivity.
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