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In this paper we present a simple method for the determination of the total magnetocaloric effect based on
the acoustic detection of the adiabatic temperature rise caused by the application of an ac magnetic field of
small amplitude. The continuous scanning of a superimposed dc magnetic field allows, by numerical integra-
tion, the determination of large temperature variations caused by magnetic field steps from zero to tens of kOe.
Absolute values of temperature rise are easily acquired after the calibration of the microphone signal using an
appropriate reference sample. Once the calibration is done, no further information about the sample’s thermal
properties is necessary since the measured signal is directly proportional to the temperature variation. Mea-
surements were made in Gd and Gd5.09Ge2.03Si1.88 samples in the temperature range from 240 to 320 K. The
technique shows to be suitable for the investigation of materials undergoing both purely magnetic phase
transitions, as in the case of Gd, and magnetic-crystallographic first-order ones, as observed for
Gd5.09Ge2.03Si1.88. Besides the ability to determine the temperature variation due to a large magnetic field step
through the continuous scanning of the magnetic field, the technique is also very suitable for measuring the
magnetocaloric effect under very small magnetic field steps since it has sensitivity below millikelvin. More-
over, it is able to detect temperature variations in very small amount of sample, leading to its potential
application in magnetocaloric thin films.
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I. INTRODUCTION

The magnetocaloric effect �MCE� was discovered in 1881
and consists in the heating or cooling of a magnetic material
under the action of a magnetic field. In the recent past the
MCE has been of great interest due to its potential applica-
tion in refrigeration systems, with the replacement of con-
ventional gas cycles by magnetic cycles. The effect is char-
acterized both through the adiabatic temperature change
under magnetic field variation, �TS, and by means of the
isothermal entropy change, �ST. It can be measured directly
through the temperature rise of the sample due to a magnetic
field step, or it can be calculated from magnetization and
heat-capacity data as a function of temperature and magnetic
field.1–4

A prototype material for room-temperature refrigeration
is gadolinium, which orders magnetically at TC�290 K.
Recently, a series of Gd5�SixGe1−x�4 alloys has been widely
investigated, mainly after 1997, when Pecharsky and
Gschneidner5 reported the discovery of large entropy
changes in Gd5Si2Ge2, the so-called giant magnetocaloric ef-
fect. Compositions in the range 0.24�x�0.5 present a first-
order transition, which consists of simultaneous crystallo-
graphic change and magnetic ordering in a reversible way.

The search for magnetocaloric materials has been increas-
ing, with a consequent demand for their characterization. For

the MCE determination, the direct measurement of the tem-
perature rise is certainly important. Furthermore, a noncon-
tact technique is even more important for this purpose. The
acoustic detection of the MCE accomplishes these desirable
characteristics and it was first proposed by Otowski et al.6 in
1993. It is similar to the photoacoustic technique, with the
thermal wave being generated by the adiabatic application of
a modulated magnetic field superimposed to a static one. The
small field variation �tens of Oe� produces a temperature rise
in the sample, which originates the pressure increase in a
closed cell. This acoustic wave is detected by a microphone
and an appropriate calibration procedure provides the modu-
lated temperature rise values. Rather than focusing on the
effects of small temperature oscillations �T, the technologi-
cal interest in magnetocaloric materials involves large tem-
perature variations �TS caused by large magnetic field steps
�H from zero to tens of kOe. The total MCE, i.e., the MCE
for large magnetic field variation, was derived by Gopal
et al.7 for Gd, Gd-Dy, and Gd-Er, using acoustic measure-
ments and magnetization data of the samples.

In this paper, we present a simple method for the deter-
mination of the total MCE based on the direct integration of
the modulated temperature variation acoustically detected.
The key issue of the method is the continuous scanning of
the static magnetic field, from zero to 50 kOe. This method
may be used in both paramagnetic and ferromagnetic tem-
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perature ranges as well as around the transition temperature
in which the maximum MCE occurs. Besides, after the cali-
bration procedure, no additional data is required. We inves-
tigated samples of Gd and Gd5.09Ge2.03Si1.88, in the tempera-
ture range from 240 to 320 K.

II. ACOUSTIC DETECTION

The photoacoustic technique is based on the detection of
acoustic waves produced in a closed cell using a micro-
phone. For solid samples, the absorption of intensity modu-
lated light heats up the sample and the temperature oscilla-
tions on its surface reach the adjacent gas layer, which
expands and works as a gas piston generating pressure
waves.8 For a fixed modulation frequency, the acoustic
signal, Sac, is given by

Sac = G�T�Fsys�T �1�

in which G�T� is a temperature-dependent factor carrying
information about the gas properties, Fsys depends on the
electronics of the detection system, and �T is the complex
temperature oscillation at the sample surface. The tempera-
ture oscillation depends on the optical and thermal properties
of the samples, besides light intensity and modulation fre-
quency.

The acoustic measurement of the MCE is based on the
same principles of the photoacoustic technique. However, in
this case the temperature oscillation of the sample is pro-
duced by the application of a modulated �ac� magnetic field
of small amplitude �tens of Oe�. This ac magnetic field is
superimposed on a static �dc� one. Therefore, such magne-
toacoustic signal can be written as in Eq. �1� and a suitable
calibration procedure can be used to eliminate the G�T�Fsys
factor in order to allow the absolute determination of the
modulated temperature rise �T.

For this purpose, first we have determined the temperature
dependence of the cell, G�T�, using an electrical resistance
inside it as a heat source �Joule effect�. Modulated current at
a fixed frequency was applied keeping the electrical power
constant while scanning the temperature. The further step
was to determine the Fsys factor by comparing the measured
signal to the calculated MCE values ��T� for a reference
sample.

Considering the temperature T as a function of the mag-
netic field H and the entropy S of the system, the adiabatic
temperature rise due to the MCE, �TS, can be expressed as a
function of the ac magnetic field applied to the sample, �H,
as

�TS = � �T

�H
�

S

�H = ��H �2�

and using the Maxwell relation ��S /�H�T= ��M /�T�H we
find4

�TS = −
T

CH
� �M

�T
�

H

�H . �3�

In the above equations M is the total magnetization �total
magnetic moment� and CH is the heat capacity of the sample

at magnetic field H. Therefore, the temperature oscillation
can be calculated for a reference sample since CH and M are
known as functions of H and T. Comparing Eqs. �2� and �3�,
we see that the adiabatic magnetocaloric coefficient, �, is
given by �=−�T /CH���M /�T�H.

However, as mentioned in the introduction, the interest
concerning magnetocaloric materials involves the adiabatic
temperature variation �TS due to large magnetic field steps.
In this sense, we present here a simple way to determine the
total MCE from the sum of several �TS quantities acousti-
cally detected. From the experimental curves of �TS vs H a
finite temperature variation �T can be found, as follows:

�T = �
0

Hf

�TS = �
0

Hf

�dH =
1

�H
�

0

Hf

�TSdH . �4�

It has to be noticed that the temperature oscillation, ob-
tained from the acoustic measurements, �TS, is indeed adia-
batic since the modulation period �on the order of ms� is
much smaller than the typical thermal diffusion time �on the
order of hundreds of ms�. However, the integration path in
Eq. �4� is along an isothermal magnetic field scan. There is,
therefore, an error if �T is regarded as the finite temperature
increase for a single magnetic field step from zero to Hf. This
error can be estimated from the acoustic measurement data at
several temperatures and magnetic fields, and it is of a few
percent, as it will be demonstrated bellow.

Finally, it is important to stress that the acoustic detection
of the MCE, i.e., the measurement of �TS, does not present
any restriction related to discontinuities in the thermody-
namic functions in the vicinity of first-order phase transi-
tions. This is because the temperature variation in the sample
is directly probed by the microphone. Moreover, the calibra-
tion procedure necessary for the determination of the abso-
lute values, which is described below, can be done using a
reference material that presents a second-order phase transi-
tion, such as gadolinium, in a temperature range slightly
above the phase-transition temperature, thus avoiding any
difficulty due to singularities or discontinuities in the ther-
modynamic functions.

III. MATERIALS

Recently, intermetallic compounds of the Gd5�SixGe1−x�4
family received much attention. The most prominent prop-
erty of this family of compounds is the giant magnetocaloric
effect occurring slightly below room temperature for x=0.5.
Compounds with such stoichiometry present a simultaneous
magnetic �ferromagnetic to paramagnetic� and structural
�orthorhombic to monoclinic� first-order transition. The tran-
sitions can be induced by temperature, magnetic field, or
pressure.9–11

Usually these compounds are obtained in arc furnaces in
inert atmosphere and are thermally treated, seeking for the
desired phase purity. It is common, however, the formation
of other phases besides the one with the nominal stoichiom-
etry, even after careful treatment.12 This happens mainly
when samples are prepared with the nominal stoichiometries
in the range of occurrence of the monoclinic phase
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�0.24�x�0.5�. Two phase transitions occurring in tempera-
tures relatively close to each other have been reported in
several works on samples with such a multiphase composi-
tion. Usually one of the transitions is of first-order type and
the other is of second-order type.5,13 As Gd5�SixGe1−x�4 are
promising compounds for room-temperature magnetic refrig-
eration, it is important to know how sensitive and accurate
the acoustic detection technique presented here is when ap-
plied to these multiphase samples.

The pure Gd �reference sample for calibration� and
Gd5.09Ge2.03Si1.88 were the materials studied in the present
work. Commercial 99.9 wt % Gd and electronic grade Si
and Ge were used in the preparation of the samples. The Gd
powder sample used for calibration was obtained by filing
the material with grains smaller than 50 �m. The measured
TC for the Gd powder was 288 K, below the corresponding
transition temperature found for the bulk material. A possible
cause for such decrease in the TC value is the stress arising
from the filing. The Gd5.09Ge2.03Si1.88 sample was arc melted
three times in Ar atmosphere, inverting the ingot position
each time. About 5 g of material was melted and the lost of
material during the preparation is negligible. The resulting
as-cast sample was polycrystalline and very brittle. The pow-
der sample, with grains smaller than 50 �m, was prepared
by hand grinding the bulk material. The nominal stoichiom-
etry was Gd5.09Ge2.03Si1.88 but metallographic analysis, mag-
netometry, and electron-spin resonance show that the sample
is composed of at least two phases. The results of these
three techniques are very similar to the ones obtained for
other samples prepared in the same conditions.11,13,14 For

those samples a majority phase with the composition
Gd5.09Ge2.03Si1.88 and a Si rich minority phase have been
identified. Therefore, for simplicity, in the text this sample is
referred as Gd5.09Ge2.03Si1.88 sample.

IV. EXPERIMENTAL SETUP

Figure 1 shows a diagram of the experimental arrange-
ment used for the acoustic detection of the MCE. An acoustic
cell was placed in a Quantum Design® physical properties
measurement system �PPMS�, which is a general purpose
temperature and magnetic field platform used for magnetic,
thermal, and transport properties measurements. The dc mag-
netic field is generated by a superconducting solenoid in a
liquid-helium Dewar and the insert for susceptibility mea-
surements provides the ac field. The temperature and the
magnetic field are controlled by an external console.

The acoustic cell consists of a cylindrical quartz tube with
2.0 mm inner diameter and 1.0 m length having a closed
bottom end where the sample is held. The top part of the tube
is connected to a Sennheiser microphone which is kept out of
the Dewar to avoid pick up signals due to the magnetic
fields. The tube is placed in the Dewar through a drilled
flange sealed by an O-ring to maintain vacuum in the PPMS
inner chamber. The microphone signal is lock-in analyzed
�Stanford SR830�. The reference signal for the synchronous
amplification is provided by a coil located around the quartz
tube.

In order to determined the temperature dependence of the
cell, G�T�, a constant power heat source was provided by a
10 � resistance �coil� placed in the microphone holder.
Modulated current of a few mA was delivered by a con-
trolled current source �see Fig. 1�.

Measurements were performed by scanning the dc mag-
netic field from 0 to 50 kOe in 25 min and recording the data
every 30 Oe. The alternating magnetic field was 30 Oe peak
to peak with a modulated frequency of 270 Hz, fulfilling the
adiabatic condition. This modulation frequency is not far
from one of the acoustic resonances of the cell, ensuring a
good signal/noise ratio. The temperature was controlled
within 0.05 K in the range from 240 to 320 K.

V. RESULTS AND DISCUSSION

Figure 2 shows the amplitude of the magnetoacoustic sig-
nal for Gd as a function of the magnetic field for tempera-
tures from 252 to 316 K. At lower temperatures �ferromag-
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FIG. 1. Diagram of the experimental arrangement.
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netic temperature range�, far from the magnetic transition,
the signal amplitude saturates for magnetic fields higher than
10 kOe. As temperature increases nearing the magnetic tran-
sition, the signal amplitude passes through a maximum value
at magnetic fields of a few kOe and then diminishes to some
extent. The peak value grows up monotonically until 284 K,
near the magnetic phase-transition temperature, and falls
back as the transition is reached and surpassed. The magnetic
field in which the peak occurs is reduced until 284 K, reach-
ing a minimum value of about 2 kOe, and then increasing
again as the temperature reaches the paramagnetic range. Fi-
nally, in the paramagnetic temperature range the signal am-
plitude shows a smooth rise when increasing the magnetic
field. The magnetoacoustic signal phase remains constant
along the magnetic field scan for all temperatures �not
shown�.

The behavior described above is consistent with the fact
that the ��M /�T�H is maximum at TC for low values of mag-
netic field. As a general behavior, ��M /�T�H diminishes for a
given temperature when the magnetic field is increased. It
also diminishes for a given magnetic field when the tempera-
ture is shifted out of the temperature transition. In other
words, despite the changes in the heat capacity near TC,
which certainly influences the magnetoacoustic signal, it
seems that the overall behavior of the signal is dominated by
��M /�T�H.

In order to determine the adiabatic temperature rise, �TS,
which produces the magnetoacoustic signal shown in Fig. 2,
the measured signal amplitude of Gd was properly normal-
ized by the temperature response of the cell, G�T�. After this,
the normalized signal was fitted, using the minimum square
method, to the calculated adiabatic temperature rise for Gd in
the temperature range from 290 to 320 K, for three values of
the dc magnetic field �2–4 kOe� and an ac magnetic field of
30 Oe peak to peak. The chosen temperature range for this
calibration procedure corresponds to the Gd paramagnetic
range in which the changes on the heat capacity are small for
the used dc fields. For the calculated �TS, the average value
of the specific heat of �280�20� J /kg K was used for the
entire temperature range and magnetic fields chosen for the
calibration. This value was obtained from literature
data2,15–17 and checked with thermal diffusivity measure-

ments of the reference sample using the photoacoustic tech-
nique at zero magnetic field. The values of ��M /�T�H used in
such calculation were obtained from magnetization measure-
ments performed in a Quantum Design® superconducting
quantum interference device magnetometer. Figure 3 shows
the calculated adiabatic temperature rise curves and the ex-
perimental points from the magnetoacoustic signal after nor-
malization and best data fitting. The data-fitting output gives
the constant Fsys value which is used to transform every
magnetoacoustic signal presented henceforth into tempera-
ture rise, �TS. As we can see, the temperature rise is on the
order of a few millikelvin for an ac magnetic field of 30 Oe.

Now using the G�T�Fsys factor, the adiabatic temperature
rise for each measurement can be recovered, as a function of
T and H. Figure 4 presents such data obtained from the mea-
surement on Gd of Fig. 2 as a function of temperature for
several values of the dc magnetic field. In this graph we can
see a broadening of the curves as the magnetic field in-
creases, as well as a reduction in the maximum �TS value. It
is observed also a shift of the maximum �TS to higher tem-
peratures, as a consequence of the displacement of the tran-
sition temperature. Again, we can say that the shape of the
curves is mainly governed by ��M /�T�H in dealing with a
second-order transition, which was also reported in Refs. 6
and 18. Figure 5 presents a complete map of �TS versus T
and log�H� in which the shift of the peak to higher tempera-
tures is clearly seen when the magnetic field increases.

The numerical integration above described �Eq. �4�� was
performed based on the curves of Fig. 2 after the correction
by the G�T�Fsys factor and the results are plotted in Fig. 6.
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FIG. 3. Calculated �TS �peak-to-peak� curves for Gd at three dc
magnetic fields in the paramagnetic temperature range, for an ac
magnetic field of 30 Oe peak to peak. Symbols represent experi-
mental magnetoacoustic data after calibration.

260 280 300 320
0.0

2.0

4.0

6.0

8.0

�T
S
(m
K
)

50 kOe
20
10
5
3
2
1

Temperature (K)

FIG. 4. Modulated magnetocaloric effect, �TS, versus tempera-
ture for Gd measured with different dc magnetic fields.
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The solid symbols represent the total MCE, �T, determined
using the acoustic detection for several magnetic field steps.
In addition, the temperature rise in a 1.0 g Gd bulk sample,
located in the PPMS inner chamber, was measured by a Cer-
nox sensor, properly calibrated. The results of such a con-
ventional direct measurement are also shown in Fig. 6 for a
zero to 20 kOe field step �open symbols�. Besides the good
agreement with the conventionally measured MCE, the re-
sults obtained by the acoustic detection are consistent with
data reported in literature for Gd, concerning both the shape
and the magnitude of the curves.7,17

Figure 7 shows the curves of �TS for the Gd5.09Ge2.03Si1.88
sample as a function of the dc magnetic field for some rep-
resentative temperatures. The curves at 240 and 315 K are
similar to the curves of Gd in the ferromagnetic and para-
magnetic regimes, respectively. However, the other two
curves are quite different from those expected for materials
which undergo a purely magnetic second-order phase
transition, as observed for Gd �see Fig. 2�. Indeed,
Gd5.09Ge2.03Si1.88, which is actually the majority phase of the
sample, undergoes a magnetic-crystallographic first-order
phase transition at 270 K. As mentioned above, the sample
also presents a minority phase, which is rich in Si and that
undergoes a magnetic second-order phase transition at 300
K.14 Therefore, at intermediate temperatures, between 270
and 300 K, there is coexistence of the Gd5.09Ge2.03Si1.88 para-
magnetic phase and the minority ferromagnetic one. The

peak for low magnetic field observed in the 300 K curve in
Fig. 7 is related to the second-order phase transition.

Figure 8 presents �TS as a function of the temperature for
several dc magnetic fields while Fig. 9 shows a complete
map of �TS versus T and log�H�. The shape of the curves
clearly reveals the occurrence of two phase transitions. At
low magnetic fields �TS has a maximum around 300 K. This
peak gets wider at higher magnetic fields, similar to the case
of Fig. 4. For the first-order phase transition, however, �TS is
very small for fields lower than 2 kOe, despite the abrupt
changes observed in the magnetization. This is certainly
caused by the influence of the heat capacity, which peaks
around the transition temperature,5,19 thus reducing the tem-
perature variation in the sample. Increasing the magnetic
field, �TS becomes prominent, with a peak that shifts from
265 K to higher temperatures at high magnetic fields. This is
clearly seen in the map of Fig. 9.

The total MCE, �T, for the Gd5.09Ge2.03Si1.88 sample is
calculated and plotted, for several magnetic field steps, in
Fig. 10. In each curve one can see two maxima associated to
the two phase transitions. The main shape of the curves is in
agreement with results in literature for multiphase
materials.5,20 The maximum value of �T observed at 270 K
for a magnetic field step from 0 to 50 kOe indicates that the
giant effect observed for the isothermal entropy change, �ST,
is not converted into a giant temperature variation for our
as-cast sample. This is in contrast with some results in the
literature calculated from heat-capacity data and in the same
direction of other reported direct measurements.20–22 It is im-
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FIG. 6. Total magnetocaloric effect, �T, versus temperature for
Gd measured using acoustic detection for several magnetic field
steps �solid symbols�. Results of a direct measurement are shown
for 20 kOe magnetic field step �open symbols�.
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portant, however, to point out that for materials undergoing
first-order phase transitions, the MCE is strongly dependent
on the sample preparation. Gschneidner et al.,23 for instance,
reported differences higher than 30% for the maximum MCE
comparing two samples from different batches of alloys with
the same starting stoichiometry.

On the difference between �T and �TS

As commented above, the integration path in Eq. �4� is
along an isothermal magnetic field scan, resulting in a differ-
ence between the obtained value of �T using this method
and the adiabatic temperature change, �TS, under magnetic
field variation. Considering Eq. �2�, one can see that the
acoustic signal, after normalization and calibration, finally
delivers the adiabatic magnetocaloric coefficient, ��T ,H�.
This coefficient represents the slope of the adiabatic curves
in a T vs H diagram, i.e., �= ��T /�H�S as written in Eq. �2�.
The adiabatic temperature change, �TS, can be obtained by
integrating � along one specific adiabatic curve. On the other
hand, �T results from the integration of � along an isother-
mal path �see Eq. �4��.

Departing from a given point �T0 , H=0, S0� in the T vs
H diagram, a family of adiabatic curves is crossed along an
isothermal path following the increasing magnetic field, as
depicted in the inset of Fig. 11. Therefore, the used value of

��T0 ,H� in Eq. �4� does not correspond to S0 anymore but to
another adiabatic curve at T0, a lower temperature value than
that of S0 for the same magnetic field. Considering �	 the
temperature difference between these two adiabatic curves at
a given magnetic field, the deviation introduced in the value
of � is written as

��H�S0
− ��H�T0

= � ��

�T
�

H

�	 . �5�

The quantity ��� /�T�H can be calculated from the mag-
netoacoustic signal itself by taking the values of � at two
distinct adjacent temperatures. Figure 11 shows the calcu-
lated curves of �1 /����� /�T�H as a function of the magnetic
field for Gd at 300 K and for Gd5.09Ge2.03Si1.88 at 270 K,
temperatures at which the value of �T was maximum for a
magnetic field step from 0 to 50 kOe. By integrating Eq. �5�
along the magnetic field range, the difference ��TS−�T� is
found. A rough estimation of this difference can be get using
the average values of �1 /����� /�T�H and �	. The average
values of �1 /����� /�T�H, taken along the entire range of
magnetic field, are −2% K−1 for Gd and −1% K−1 for
Gd5.09Ge2.03Si1.88. Using 50% of �T for the magnetic field
step from 0 to 50 kOe as the average �	 along the entire
magnetic field range, the error is estimated to be of 8% for
Gd and of 1.3% for Gd5.09Ge2.03Si1.88.

VI. CONCLUSIONS

In this paper, we presented results on the MCE in Gd and
Gd5.09Ge2.03Si1.88 obtained using acoustic detection for con-
tinuous scanning of the magnetic field. The measurements
are reproducible and an appropriate calibration procedure
leads to temperature rise in Gd consistent with results previ-
ously reported. For the Gd5.09Ge2.03Si1.88 sample, the curves
of �TS clearly show the two expected phase transitions. Fur-
thermore, the behavior of �TS, mainly for low dc magnetic
field strengths, allows one to distinguish a second-order
phase transition from a first-order magnetic-crystallographic
one in which the influence of the specific heat is pronounced,
thus reducing the MCE.

The numerical integration proposed permits the �T deter-
mination for several magnetic field steps and the results for
Gd are in agreement with the literature and with a conven-
tional direct measurement. Although the comparison between
�T values for the Gd5.09Ge2.03Si1.88 sample and literature is
not straightforward, the shape of the curves agree with the
observed MCE for multiphase materials in which the two
phase transitions are easily identified for low magnetic field
steps, becoming superimposed to each other for higher mag-
netic field steps. This is due to the drastic shifting at the
first-order transition temperature, especially for high mag-
netic field strengths.

The method is suitable for the measurement of the MCE,
without any restriction concerning the nature of the phase
transition. The technique presents good sensitivity, being
able to detect spurious material phase, and it is particularly
applicable to investigate the effect in low magnetic fields.
Besides, the advantage of the noncontact approach, with the
air as the transducer, allows the MCE detection for low-mass
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FIG. 10. Total magnetocaloric effect, �T, versus temperature for
Gd5.09Ge2.03Si1.88 measured using acoustic detection and calculated
for several magnetic field steps.

FIG. 11. Calculated curves of �1 /����� /�T�H for Gd at 300 K
and for Gd5.09Ge2.03Si1.88 at 270 K, as a function of the magnetic
field. The insert illustrates a family of adiabatic curves in a T vs H
diagram.
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samples, which is severely limited in conventional measure-
ments when sample and sensor have similar heat capacities.
In this sense, there is a clear possibility of using the acoustic
detection to study magnetocaloric thin-film systems in which
there is an increasing interest nowadays.

The uncertainties involving the acoustic detection are sat-
isfactorily compared to conventional methods. Simple repeti-
tions of the measurements for the same sample results in
deviations smaller than 2%, caused mainly by noise and the
reproducibility of the overall experimental conditions. Since
the modulation frequency for the ac field is not far from an
acoustic resonance frequency of the cell, changes in the gas
volume in the cell, due to changes in the sample’s volume,
produce changes in the measured signal, which was properly
evaluated by varying the amount of sample. The last impor-
tant source of error remains in the uncertainty in the specific-
heat value used for calibration, which is of 7% in our case.

Considering all these sources, the errors in the acoustically
detected MCE measurements are estimated in 15–20 %,
which is of the same order of those in conventional methods.
Finally, it has to be observed that the accurate value of the ac
magnetic field, �H, is necessary only to the correct determi-
nation of �TS, the modulated temperature which causes the
acoustic signal. In the determination of �T, all that is needed
is the adiabatic magnetocaloric coefficient, �, which can be
determined after the calibration provided all the experimental
conditions are kept unchanged, including �H.
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