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ABSTRACT 
The design and construction of a simple, low cost, ac susceptometer operating in the 
temperature range of 30-400 0C (300-670 K) is being presented here. The measurements are 
made in terms of the change in mutual inductance by inserting a specimen inside one of the 
two secondary coils. Starting from basic formulae, a direct relationship between voltage and 
magnetic susceptibility to calculate the absolute susceptibility of magnetic materials has been 
developed. The validity of the apparatus is checked and verified with the help of the magnetic 
phase transitions temperatures of Ni and NiO as reference materials. Differential Scanning 
Calorimeter (DSC) has been used to counter check the magnetic phase transition temperatures 
of these reference materials. Purity of these materials has been checked using X-ray 
Diffractometry (XRD) analysis. The transition temperatures of both materials were found within 
±3 0C in agreement with the transitions temperatures referred to in the literature. The strength 
of the constructed ac susceptometer is thus validated.  
Keywords: ac Susceptibility, Induction, DSC, XRD, Magnetic phase transitions 
 
INTRODUCTION 
To characterize a magnetic material, the 
simplest way is to apply a dc magnetic field 
and measure the corresponding magnetic 
moment induced in the material. This 
magnetic moment can be measured by 
force, torque or induction techniques. The 
last one is commonly used in modern 
instrumentation due to its many advantages 
on the others 1 - 4.The dc measurements are 
preferred to determine equilibrium value of 
the magnetisation in a sample. But if the time 
dependent magnetisation dynamics is 
required, ac measurements are preferred. 
Another advantage of ac measurements is 
that the measurements are made without 
sample motion as a current is induced in the 
pickup coils. The detection circuit is made 
such that it detects only a narrow frequency 
band, normally at fundamental frequency of 
ac field. Many methods are reported to 
measure susceptibility which can be seen 
elsewhere 1 - 2. 
 
Many reports are available 5-16 using ac 
measurement techniques in temperature 
range 1.2-300 K for superconductors, for 
spin glass and to study other magnetic 
phase transitions in the materials. But a 
deficiency is felt when one needs to 
investigate magnetic phase transitions in 
ferrites, and ferromagnetic materials in the 
high temperature range. The availability of 

very few reports 17 in the high temperature 
range have been reported.  On the other 
hand, the available instrumentation is quite 
expensive 18. To overcome this problem we 
have developed a simple and low cost ac 
susceptometer operating in the temperature 
range of 30-400 0C (300-670 K) to observe 
magnetic phase transitions in this range.  
 
EXPERIMENTAL SET-UP 
The design and construction of a simple, low 
cost, ac susceptometer is being presented. It 
works on the principle of mutual induction for 
measuring zero field ac magnetic 
susceptibility of diamagnets, ferromagnets, 
antiferromagnets and ferrites. The 
instruments used in the construction of the 
device are shown in Figure 1.  
 
The coil assembly consists of a pair of co-
axial coils, the primary and the secondary, 
wound over a non magnetic Teflon core. The 
secondary coil is divided into two halves 
wound in opposite sense to make the total 
induced voltage equal to zero. The use of 
matched, counter clockwise and clockwise 
winding of secondary coils, in series is less 
expensive and straightforward method 
among others which are mentioned by 
Goldfarb et. al 3. Copper wires with turns 
upto 1500 in the primary and 600 turns for 
each half of the secondary coil were used. 
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To get the accurate signal, the output voltage 
is obtained by recording the signal difference 
when sample is moved between the centres 
of two sections of the secondary coil and 
then divided by 2, which enable to obtain the 
absolute value of ac susceptibility.[4] This 
has to be done one time for one 
experimental run. The design enabled that 
whatever changes occur in the background, 
are an equal part of both the measurements. 
An off-balance signal is observed when there 
was no sample present in the coils. This 
constant value of the off-balance signal is 
also subtracted from the corresponding 
voltage at each temperature 3. The mutual 
inductance produced in the secondary coil by 
the presence of a magnetic sample is 
detected by a Lock-in Amplifier (PAR-113). 
Pt-100 temperature sensor was used to 
sense the background temperature of the 
specimen. The self induced flux from the 
secondary is considered negligible as the 
secondary carries negligible current. 
 
RESULTS AND DISCUSSION 
The ac susceptibility is measured and 
transition temperature of Ni and NiO are 
observed with this newly constructed 
apparatus by applying a self induced ac field 
of 0.32 Oe and frequency 270 Hz given by 
built-in signal generator of Lock-in Amplifier 

19. Ni and NiO were made as reference 
materials because their transition 
temperatures lie in the temperature range of 
our interest. These are also easily available 
and have sharp phase transitions. The Curie 
temperature of Ni is observed at 355±3 0C 
and the Neel temperature of NiO is observed 
at 250±3 0C with a transition width of 5 0C in 
both cases  20 - 24 as shown in Figure 2. 
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 Figure 2:  Inverse susceptibility as a function of  
 temperature for Ni and NiO 
 
The symbol α represents the fact that molar 
inverse susceptibilities are shown and cgs 
units are used for all terms.  
The reported transitions of Ni and NiO as 
shown in Figure 2, are 358 0C (631 K) and 
252 0C (525 K) respectively 20 - 24.  

Figure 1: Experimental Setup of ac susceptometer
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Relationship Between Voltage & 
Susceptibility 
Many relations are reported for voltage and 
susceptibility 3 - 4, 13. One of these is reported 
by Goldfarb and Minervi 17. 

fHl
rms

π
υχ

2*
12Μ

=        (1)     

The calculation of *
12Μ , mutual inductance, 

is quite rigorous. A detailed and exhaustive 
mathematical procedure has to be adopted 
for its measurement or commercially 
available inductance meter has to be used. 
We have made use of some basic formulae 
to replace this inductance with rather simpler 
terms.  

We proceed, to replace 12
*Μ , as following 

Goldfarb and Minervi17.  
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    Making use of magnetic flux relation,  

∫=Φ dSAB .  

       One gets: 

                N
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0µ
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The above solenoid flux has been calculated 
as [25-26]: 
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Where niB 0µ=   

liAnN B
2

0µ=Φ⇒      

Replacing ∫ dSA.  in (3) and simplifying 

one gets: 

AfH
rms

πµ
υχ
20

=⇒    (5)       

where χ  = susceptibility of the specimen, χ = 
permeability of free space, A = area of cross 
section of primary coil, f   = frequency of 
applied filed, H = applied magnetic field 
υ rms = voltage developed across secondary. 
All terms are constant for this system except 
voltage and by knowing the values of 
voltage, susceptibility can be calculated 
using equation (5). To balance the equation 

(5) dimensionally, right hand side should be 
a dimensionless quantity. This relation has 
advantage that we have got rid of calculation 
of inductance and it requires no detail of the 
geometry of the specimen as some others 
reported [3-4, 13]. 
  
Differential Scanning Calorimetric (DSC) 
and Thermo-gravimetric Analysis (TGA) 
Magnetic phase transitions can be 
determined using specific heat as function of 
temperature 27. A ferromagnetic material has 
larger specific heat than non-ferromagnetic 
material and that is maximum at the Curie 
temperature. An extra heat is required to 
randomize the spins of magnetic materials. 
Near the Curie temperature, magnetization 
decreases abnormally and number of 
disordered spins per degree rise in 
temperature becomes very large 2. 
The transition temperatures of Ni and NiO 
are determined with the DSC (SDT-Q600) 
using the ramp method. Derivative of heat 
flow in constant time interval has the units of 
m J/ ºC which is specific heat and is plotted 
as function of temperature in Figure 3. 
Transitions are evident at 357±3 0C for Ni 
and 249±3 0C for NiO which are almost the 
same as reported 20 - 24. Another information 
we got from the DSC measurements is, 
although both materials are single phase, but 
NiO has not shown a sharp transition 
indicating that there is a distribution in TN 
throughout the sample (sample could be 
inhomogeneous), or there are some internal 
cracks in the sample which have led to 
temperature gradients, or the thermal 
conductivity of this sample is very low that 
there is a temperature gradient across the 
sample.  
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Figure 3:  Derivative of heat flow as a function of  
 temperature for Ni and NiO 
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X-Ray Diffraction (XRD) Analyses 
X-ray diffraction gives the information about 
the crystal structure and the phase of the 
material. Figure 4 shows the X-ray diffraction 
of Ni and NiO which confirm that both Ni and 
NiO are single phase and have FCC crystals. 
NiO has an unidentified peak at 23.7520 (2 Ө 
degrees) indicating that some impurity is 
present in the sample 28 - 31.  
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Figure 4: X-ray Diffractographs of Ni and NiO 

 
CONCLUSION 
In this work, the design and construction of a 
simple and low cost ac susceptometer is 
described in length. The basic principle of 
susceptibility on which this system is based 
has been explained. The complete 
experimental set-up has been elaborated. 
The strength and advantages are described. 
The transition temperatures of Ni and NiO 
have been verified and counter checked by 
DSC measurements which revealed that the 
set up is working as required. The NiO had 
some impurity due to which transition 
temperature obtained is 3 0C below the 
quoted value. The impurity is also evident in 
the XRD analysis. 
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