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The laboratory exercise described in this paper 
is based on a well-known qualitative demon-
stration of Curie temperature.1 A long ferro-

magnetic wire, in the form of a spiral, is attracted to 
a strong permanent magnet placed near its midpoint 
(see Fig. 1). The temperature of the wire is increased 
by passing a current through it. When the tempera-
ture reaches the Curie point, the wire becomes para-
magnetic and is no longer strongly attracted to the 
magnet. We have developed this demonstration into 
a quantitative experiment by providing an accurate 
way to determine the temperature at which the fer-
romagnetic-paramagnetic transition occurs.

Experiment
Figure 1 shows the experimental setup used in 

finding the Curie point. It is composed of a ferromag-
netic material (Kanthal type D)2 in the form of the 
spiral-heating element stretched vertically between 
insulating clamps mounted on the support stand. A 
permanent magnet is mounted near the middle of the 
support stand such that it visibly attracts the hanging 
spiral. The spiral is connected to the output of the  
auto-transformer (Variac). The current through the 
wire is measured with the ammeter (A), and the po-
tential difference across it with the voltmeter (V).

Electrical energy W is delivered to the wire at a con-
stant rate P = VI, where V and I are, respectively, the 
potential difference across the spiral and the current 
flowing through it. We may therefore write:

W = VIt ,                                                (1)

where t is the amount of time the current has flowed.  
A portion of this energy increases the internal energy 
of the spiral, and another portion is radiated into the 
surrounding environment.

If a spiral of mass m and specific heat c is heated 
from an initial temperature T0 to a higher tempera-
ture T, then the change in the internal energy of the 
spiral is expressed by:

∆E t = mc(T – T0) .                    (2)

Furthermore, the energy radiated out of the spiral is 
given by:3
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 Fig. 1. Experimental setup.
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Ep = esS(T 4 – T0
4) t ,                            (3)

where S and e are, respectively, the surface 
area and emissivity3 of the spiral wire, and 

s= × −5 675 10 8
2 4

.
W

m K
is the Stefan-Boltzman 

constant. 

The energy balance equation for the spiral wire is:

W = ∆Et + Ep   

or     VIt = ∆Et + Ep.                                        (4)

In our experiment, the voltage is set to the mini-
mum level at which the heated spiral stops being at-
tracted by the permanent magnet (the spiral loses its 
ferromagnetic properties and becomes a paramagnetic 
material). The temperature of the spiral at that point 
is the desired Curie temperature TC.

After the spiral reaches a constant temperature, the 
∆Et term in Eq. (4) is equal to zero. Substituting Eqs. 
(1) and (3) into Eq. (4), we obtain:

VIt = e sS(T 4 – T0
4) .                (5)   

If T = Tc, then:
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Results and conclusions
The table gives typical data obtained for two differ-

ent spiral wires.
Substitution into Eq. (6) gives for the two wires:

Spiral a:  TC = 858 K ± 6K = 581 ± 6oC                 
                                                        
Spiral b:  TC  = 869 K ± 6K = 596 ± 6oC                
                                                           

These values agree quite well with those found in 
tables of physical properties of materials.2,4  The un-
known uncertainty in the emissivity of the wires was 
not included in the calculation of estimated uncer-
tainties in the Curie temperatures. We did, however, 
use an optical pyrometer to check the accuracy of our 

method. With the voltage and current values for spiral 
“b” equal to V = 170 V ± 1V and I = 4.45 A ± 0.01 A, 
respectively,5 its surface temperature was found to be 
800oC ± 16oC (2%) = 1073 K ± 16 K. Using Eq. (6) 
to calculate the temperature from the current, voltage, 
and other known parameters gives T = 1058 ± 7 K. 
The good agreement between the measured and calcu-
lated temperatures provides confidence in our method 
and suggests that the uncertainty in the emissivity of 
the wire is small. 
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PACS codes: 01.50.Pa, 60.00.00

Properties of 
Spiral Wires Spiral “a“ Spiral “b“

Diameter	(d) 0.60	 0.01	mm 0.62	 0.01	mm

Length	(l) 10400	 1	mm 7875	 1	mm

Surface	area	(S =	
pdl) 196	 4	cm2 148	 3	cm2

Emissivity	(e)
(Refs.	2,	4)

0.70 0.70

Voltage	at	Curie	
temperature	(V) 147	 1	V 108	 1	V

Current	at	Curie	
temperature	(I) 2.99	 0.01	A 2.92	 0.01	A

Nominal	Curie	
Temperature	(TC)
(Refs.	2,	4)

600oC 600oC
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