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A method to learn the second-order phase transition experimentally was demonstrated. The targeted phenomenon 

was the ferroelectric phase transition of triglycine sulfate, and simultaneous measurements of heat flow and pyroelectric 
current were performed while changing the temperature. Two fractions of the phase transition were calculated as a 
function of temperature for each of the measurement data, and quantitative analysis was performed. The analytical result 
of the experimental data was compared with the theoretical result of the Ising model. In addition to achieving a deeper 
understanding, the reduction in apparatus cost is considered. 
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1. Introduction 

 
Second-order phase transition is a phenomenon in which the 

state of condensed matter changes dramatically by a slight change 
in surrounding conditions, and where many atoms or molecules 
move cooperatively. This phenomenon is a fascinating and 
important subject from the viewpoints of both theory and 
application, and it has attracted many researchers. University 
students should be attracted by this phenomenon as well and can 
learn much from this subject. A topic of the second-order phase 
transition is learned in the subject of statistical physics and 
material science at the undergraduate program; however, many of 
them have been conducted only by the lecture without 
experiments. Therefore, the learners mostly get only theoretical 
understanding. 

It is known that a typical second-order phase transition 
occurs in the superfluid phase transition of 4He, the gas-liquid 
transition at the critical point, the magnetic phase transition, the 
ferroelectric phase transition, etc.1,2) Experiments for 
undergraduate students are difficult to perform because the 
equipment costs, skill level, and time needed are high, for the 
experimental conditions of low temperature, high temperature, or 
high pressure. 

At the University of Michigan, students conduct 
experiments to observe the ferroelectric phase-transition 
phenomenon of triglycine sulfate [TGS: (NH2CH2COOH)3 ·
H2SO4] 3) in undergraduate program. TGS is known as a substance 
that causes an order-disorder type of phase transition, in which 
molecular electric-polarization aligns by a temperature decrease 
crossing the critical point from a random state in a high-
temperature phase and expresses spontaneous polarization 
(ferroelectric phase).4,5) TGS is suitable as an experimental 
material because its transition temperature at atmospheric 
pressure is 49 °C, which is near room temperature, easily creating 
the observing conditions; furthermore, its crystal is easy to make 
and has low toxiity. The electrical characteristics (pyroelectric 
current and AC dielectric constant) are measured with changing 
temperature at the University of Michigan. From the pyroelectric 

current, the amount of electric polarization can be calculated.  
The anomalous increase in microscopic polar fluctuation is 
reflected in the dielectric constant, which becomes maximum at 
the phase transition temperature, the temperature dependence of 
which is well known to follow the Curie-Weiss  law.1,2,6,7,8) 

From the viewpoint of thermal behavior, there exists an 
anomaly in specific heat in the vicinity of the second-order phase 
transition temperature.9)  The specific heat becomes maximum at 
the transition temperature, and the first derivative of specific heat 
by temperature is discontinuous at the critical temperature. This 
behavior is in contrast to the first-order phase transition, which 
occurs only at a phase transition temperature with latent heat. 
Combining the information obtained from thermal measurement 
with electric measurement makes it possible to understand the 
second-order phase transition more deeply. 

In this work, an experiment for students is proposed in order 
to understand the behavior of the ferroelectric phase transition of 
TGS quantitatively. The experiment consists of novel 
simultaneous-measurements of heat flow and pyroelectric current 
in the vicinity of the phase transition temperature. From the 
combination of both the experimental data, quantitative 
consideration of the second-order phase transition is performed. 

The educational goal of this laboratory activity is as follows: 
1) recognize the behavior of second-order phase transition, a 
typical cooperative phenomenon, 2) pursue the quantitative 
relationship in the temperature dependences of the heat-flow and 
the electric-current, for deeper understanding, 3) learn the 
experimental skills; they are a) temperature control and the 
simultaneous measurements of the two observables with scanning 
the temperature, and b) numerical data analysis using a software. 
An additional goal for the learners who are unsatisfactory only by 
experimental observation and those who learn the second-order 
phase transition at university class is to compare the experimental 
result with the theoretical ones. 

For popularization of the personal experiment, the 
equipment is small in size and low in cost, following the concept 
of a desk-assembly type experiment (personal desk lab, or   
PDL). 10,11). 
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2. Apparatus 
 

2.1  Sample preparation 
A single domain crystal for the sample was grown as 

described in the literature.12,13) At first, a saturated aqueous 
solution of glycine sulfate was cooled naturally to get the seed 
crystals. Next, the saturated solution containing the seed crystals 
at 20 °C was cooled slowly to 5 °C for two weeks, and transparent 
single crystals at a size of about 3.5 mm were obtained. The grown 
crystal has the same thick plate shape shown in Fig.2 by R. 
Renugadevi et al.,13) and a wide plane is perpendicular to the b-
axis. When the parallel planes were selected as normal to the b-
axis of the crystal, a large pyroelectric current flowed by the phase 
transition. A parallel-plate sample was obtained by shaping from 
the as-grown crystal using a steel cutter and the lapping. The 
electrodes were formed by coating the conductive epoxy (Stycast, 
Eccobond 56C) on both sides of the plate (Fig.1) 

 

 
 

Fig.1 Sample with lead wires: this sample was placed on a 
substrate of a heat-flow sensor made of Peltier elements 
(unnecessary lead wires were cut off after setting). 

 
2.2  Apparatus and method 

The calorimeter used in this study was laboratory made,14) 
and its basic structure was the same as that used by Wang et al.15); 
however, it can be replaced by an ordinary one. A simple 
calorimeter suitable for student experiments will be described 
elsewhere. 

If the scanning speed of the temperature is too fast, the 
substance cannot attain a stable state; thus, a warming/cooling rate 
of 1 mK s−1 was chosen. The measurement was started at a 
temperature of 55 °C in the paraelectric state and cooled to 0 °C 
across the phase transition region; then, it was folded back to rise 
to 55 °C. This temperature condition can be attained by placing a 
calorimeter contained in a thermally insulated box in a freezer. It 
takes about 32 h for automated measurement to reciprocate the 
temperature. In the analysis described below, only data upon 
cooling are used; therefore, the measurement time can be 
decreased to a half. 

For the measurement of pyroelectric current, a highly 
sensitive ammeter is used ordinally; instead, a shunt resistor and 
a general purpose digital voltmeter were employed here. A 
diagram of the configuration is shown in Fig.2. The shunt resistor 
used was a chip type metal-film resistor of 10 MΩ, and the digital 
voltmeter was a Keithley 2000 DMM whose input resistance 
could be set to a value beyond 10 GΩ. When the pyroelectric 
charge appeared between both electrodes of the sample, the 
current flowed through the resistor until the difference voltage 
was zero. A voltage resolution of 1 μV that appeared at the shunt 
resistor corresponded to a current of 0.1 pA, which value was 
enough for the experiment. The amount of electricity that flowed 
between times 0 and t was equal to that which appeared on the 
electrode during that period. In the data analysis below, relative 
accuracy and stability of the current value were necessary, but 
high accuracy was not. Measurements of the current, heat-flow, 
and temperature were performed every 1 s and recorded. 

 
 
Fig.2 Block diagram of the measurement circuit of pyroelectric 
current. 
 

For the automation of measurement, the Visual Basic 
language attached in Excel was used. Also, the plotting of the 
figures and the analysis, including the determination of the 
regression line by the least-squares method, were conducted with 
N graph (free software; http://www2e.biglobe.ne.jp/%7Eisizaka/ 
indexe.htm).  

 
3. Experimental Result:  

Heat Flow and the Pyroelectric Current upon 
Temperature Scanning 

 
The measured heat flow (black) and pyroelectric current 

(blue) are shown in Fig.3. The anomaly caused by the phase 
transition is shown in both properties. The first-order transition 
occurs from one phase to another through a coexistence state at a 
transition temperature, where the total amount of flown heat of 
the transition is known as the latent heat; however, the second-
order phase transition occurs in an expanded temperature span.  
 

 
 

Fig.3 Heat flow and pyroelectric current upon both cooling and 
warming at a rate of 1 mK s−1 of TGS. Each baseline is shown by 
red line. 

 
 
The measured heat flow is in good agreement with the result 

given by Ema using AC calorimetry.9) The reproducibility with 
cooling/warming cycles is excellent in the heat-flow 
measurement; however, the pyroelectric current decrease 
gradually by the repetition. The reason for this is the formation of 
polar domains16); hence, the virgin crystal is suitable for the test 
sample. The polar domains are known to be erased to the saturate 
polarization state by applying an electric field of 300 V mm−1 at 
room temperature.  
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4. Analysis 
 

It is characteristic that both the heat-flow curve and the 
current curve upon cooling and warming are vertically 
symmetrical with no hysteresis, respectively. This behavior 
indicates that the transition is reversible concerning the 
temperature rise and fall. The differential coefficients of each 
curve by temperature are discontinuous at the transition 
temperature. The phenomenon of the heat amount of an object 
changing discontinuously at a certain temperature is called the 
“first-order phase transition.” However, when the heat amount 
changes continuously, and the first derivative of it by temperature 
becomes discontinuous, the phenomon is called the “second-order 
phase transition.” Next, both the heat flow and the current rapidly 
change with a peak at 49 °C. Each change is sharp on the higher 
temperature side and gentle on the colder side. Looking at the 
whole, there is a temperature point at which the observed values 
and their derivatives with temperature exhibit singularities; thus, 
the anomalies decrease continuously by departing in temperature 
from the critical point. In short, the heat flow and the pyroelectric 
current change abnormally in the vicinity of the transition point 
and region.  

It is not easy to separate the anomalous part exactly from 
ordinally part. Here, based on the scenario that this material has 
no polarization at the high-temperature side, and polarization 
occurs because of the transition caused by cooling, the 
temperature at which the pyroelectric current starts abruptly was 
determined as the upper limit temperature (TH) of this phase 
transition. It is difficult to determine precisely the lower-limit 
temperature of the transition, because the pyroelectric current 
decreases gradually with cooling and does not go to zero even at 
0 °C. Here, the discussion is limited to capture the characteristics 
of the second-order phase transition that appeared in the vicinity 
of 49 °C; therefore, 0 °C was approximately determined as the 
lower-limit temperature, TL. By setting the pyroelectric current at 
0 °C to zero, it is possible to determine a baseline (shown in Fig.3 
by a red line), and the pyroelectric current caused by the phase 
transition, denoted by IP(T) as a function of temperature T, is 
calculated by subtracting the amount of the baseline. 

Concerning the anomalous heat flow, it is more difficult to 
extract the anomalous part of the total because its variation with 
the temperature below the transition point is more gentle than that 
of the current. Furthermore, there is a slight difference in the 
amount of heat flow upon cooling and warming. Here, the 
analysis focuses on the behavior near the transition temperature,  
and the lower-limit temperature of the transition region, TL is 
taken as 0 °C, which is the same one used in the case of the 
pyroelectric current.  

For an observable X(T) at the temperature T, let a line 
connecting the point [TH, X (TH)] and the point [TL, X(TL)] on the 
figure be the baseline, XB(T). At temperature T it is considred that 
the difference, ΔX(T)=X(T) - XB(T), is the part attributable to the 
phase transition. Hereafter, only the cooling process from the 
paraelectric phase to the ferroelectric one is considered.  

Here, an amount of the fraction of transferred phase, ρ(T), 
is defined as 

 
ρ(T) = ׬ 𝑋ሺ𝑇ሻ𝑑𝑇ౄ்் ׬ / 𝑋ሺ𝑇ሻ𝑑𝑇ౄ்்ై    (1) 
 
which represents the fraction of the phase-translated part at 
temperature T evaluated by using the observable X,17) where, 
ρ(TH) = 0 and ρ(TL) = 1. 

 
4.1  Fraction of phase change calculated from the 
temperature dependence of pyroelectric current, ρP(T) 

When taking the pyroelectric current as the observable X in 
Eq.(1), the fraction denoted by ρP(T) is the ratio of the electric 
polarization at temperature T to the complete electric polarization 
attained at TL. The graph of ρP(T) is shown in Fig.4 by a black 

line. This curve agrees with the order parameter in the   
literature.4,5) 
 
4.2  Fraction of phase change calculated from the  
temperature dependence of heat-flow, ρH(T) 

Next, the fraction ρH(T) was calculated by taking the heat 
flow as the observed quantity X in Eq.(1), which represents the 
ratio of the heat released at T during the phase transition. The 
graph of ρH(T) is indicated by the blue line in Fig.4. The curves 
of ρH(T) and ρP(T) do not coincide. To investigate the relationship 
between ρH(T) and ρP(T), a figure of ρH(T) versus [ρP(T )]n for 
some values of n is shown in Fig.5. 
 

Fig.4 Fractions of ferroelectric phase determined by the 
pyroelectric current and heat flow, denoted by ρP(T ) and ρH(T ), 
respectively. 
 

 
Fig.5 Relation between two kinds of fractions drawn as ρH(T) 
versus [ρP(T)]n: the three lines correspond to n = 1, 2, and 2.3. 
 

The figure shows that there is a relation 
 

ρH(T )≒[ρP(T )]2.3     (2) 
 
The reason for following this relationship is as follows. When 
electric polarization P occurs in the crystal, the electrical energy 
is proportional to P2. In general, the energy change caused by the 
ferroelectric phase transition could be structural rather than 
electrical. If the electric component occupies the major part in the 
total amount of energy change, ρH(T) is proportional to the square 
of ρP(T). The exponent n obtained from the experiment is 
approximately 2.3, which is slightly larger than 2. This difference 
in the value of n suggests that the orientational change of electric 
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polarization may pose a change in molecular structure. This point 
is discussed later. 
 
4.3  Temperature dependence of ρH(T) 

A traditional way for analyzing the specific heat in the 
vicinity of the second-order phase-transition-temperature is to 
determine a critical index α using the formula of |T-Tc|-α or using 
the term of log(|T-Tc|). However, such diverging behavior was not 
observed in this experiment by approaching the temperature to Tc 
until 1 mK. An expression of the experimental data using a 
function is called an empirical formula; here, an empirical 
formula of ρH(T) is determined. The trial to find a regression 
formula with only one term and the singular temperature Tc as a 
parameter leads to be failed. However, an empirical formula with 
two terms is determined successfully as 

 
ρHe(T) = 1 − exp[−a(ΔT)α −b(ΔT)β]  (3) 
 
where ΔT = Tc − T, α = 1, β = 3.24, a = 8.605×10−2, b = 1.0064
×10−5, Tc = 49.88 ℃. The curve of ρHe(T) is shown in Fig.6 by 
a red line and ρH(T ) by a black line. For the empirical formula in 
Eq.(3) and ρH(T), the experimental curves are in good agreement 
with each other so as to be indistinguishable. 
 

 
 
Fig.6 Plots of both ρH(T) and its empirical formula ρHe(T) 
expressed by Eq.(3) as a function of temperature, using the black 
and red colors, respectively. 
 

In the analysis of the second-order phase transformation, 
Landau's method has been widely used,3,8)  in which the function 
in Eq.(3) is expanded in series, and the coefficient of each term is 
obtained. However, it is not suitable for capturing the second-
order phase transition as a whole to approximate the exponential 
function shown in Eq.(3) into one or two Taylor expansion terms. 
The important points that Eq.(3) indicates are the transition 
behavior governed by an exponential formula as a function of  
ΔT and the function consisting of two terms of ΔT with   
different exponents. The latter point suggests the existence of 
different mechanisms there. The transition behavior would be 
separated into two regions by temperature. One region is near Tc 
at 42 ℃ < T ≦ 49.8 ℃ (0 ≦ ρH(T) < 0.5), and a mechanism 
of ferroelectric phase formation governs the temperature 
dependence of exp[−a(ΔT)]. In the lower-temperature region at  
T < 42 ℃  (0.5 < ρH(T)), another mechanism is added as a 
function of exp[−b(ΔT)3.24]. Concerning this point, there are 
essential reports of detailed X-ray experiments by Ito et al.18,19)  
In their work, when the temperature is lowered below TC, the 
order-disorder-type transition progresses in which the electron 

density distribution of N atoms becomes localized to one side 
from two equivalent positions; at the same time, the localized 
position moves gradually to the counter position; thus, the 
molecular structure changes. Considering the evidence, it is 
thought that the displacive movements of ordered atoms 
following an order-disorder-type mechanism promote the phase 
transition as expressed as the second term of ΔT in Eq.(3). 
Furthermore, the reason why the exponent n in Eq.(2) is larger 
than 2 could be that the molecular polarization is reduced by 
shifting the position of the N atom to the direction of the 
equivalent counter position. In response to the question of 
whether the phase transition mechanism of TGS is a displacement 
type or an order-disorder type, Ito et al. mentioned that the order-
disorder-type mechanism originates; however, the displacement 
mechanism is also involved. Therefore, it is not an ideal order-
disorder type of phase transition. The analytical result of the 
present experimental data supports their assertion. 
 

5. Comparison with the theoretical results 
 

This chapter is devoted for the learners who are 
unsatisfactory only by the experimental analysis described above 
and those who learn second-order phase transition in class. 
Theoretical efforts that explain the behavior of second-order 
phase transition and to understand the essence continue for nearly 
a century. These theories are learned at undergraduate program 
such as statistical physics and materials science; here we mention 
a model strongly related to TGS and their solutions.  

To understand the second-order phase transition 
theoretically, the Ising model is useful.1,2,20,21,22)  In the Ising 
model, each element (the polarization of each TGS molecule, in 
this article) at each site is set as a unit by the variable σi, which 
takes only the value of +1 or −1 in the polarizing axial direction 
of the space, where a subscript i indicates the location of the site. 
It is assumed that the energy state differs depending on the 
combination of (1, 1), (1, −1) or (−1, −1) determined between the 
variable and its neighboring variables σj. Then, the value of the 
energy is set to −J, J, −J by the combination of (1, 1), (1, −1), and 
(−1, −1), respectively. When the interaction energy J is positive 
(corresponding to the ferroelectric), the energy becomes low and 
stable when the neighboring variables are ordered in the same 
direction. The energy E expressed by a formula becomes as 
follows: 20,22)  

 
E = -J Σσi*σj    (4) 
 
The arrangement of the molecules in the space can be chosen 
variously, in which the two-dimensional square lattice is the most 
typical one. Onsager23) found in the model rigorously that a 
second-order phase transition occurs at a certain absolute 
temperature TC* (= TC + 273.15), where the average value of the 
variable σ increases at Tc* from zero continuously as the 
temperature lowered from the higher side. Although the 
calculation in the three-dimensional system has not yet been 
successfully solved, one can obtain a relational expression by 
using the method of the mean field approximation. The result is 
given as <σ> = 0 at absolute temperature T* > TC*, and  
 

<σ(T*)> = tanh[<σ(T*)>/(T*/TC*)], (TC*=zJ/kB) (5) 
at T* < TC*.21.22)  Here, z is the number of neighboring molecules, 
namely, the number of adjacent bonds per one molecule, and kB is 
the Boltzmann constant. In this approximation, only z is taken into 
consideration as to the arrangement, and the dimension of space 
is not concerned; therefore, an inconsistency with reality may 
occur. The phase transition temperature TC* ( = Jz/kB) increases 
when the interaction J becomes stronger or increases in number 
of z. In another word, the stronger the interdipole interaction that 
forces the ordering in the same direction, the more the 
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ferroelectric ordering against the thermal disturbance is 
maintained until a higher temperature. 

Here, we attempt to analyze the sharpness of the transition 
as an example, though other experimental observables can be 
considered similarly. To evaluate the sharpness of the transition 
on temperature, the normalized half-width W is defined as 

 
 W = ΔT50*/Tc*    (6) 
 
where ΔT50* is the temperature span until <σ(T*)> changes from 
0 to 0.5. The value of the normalized half-width Wm calculated 
from <σ(T*)> for the Ising model using the mean-field 
approximation is 0.089; here, this value does not depend on the 
dimension of the model or on the number of nearest-neighbor sites.  

On the other hand, the value of the normalized half-width 
determined by ρP(T*) denoted by WP is 0.0081, which is one order 
of magnitude smaller than Wm; this difference is thought to be 
caused by the insufficiency of the mean field approximation, as 
described below. 

The exact solution for the two-dimensional square lattice is 
given as 23,24) 

 
<σ(T*)> = [1 − cosech4(sinh−1(1) (Tc*/T*))](1/8),  

[Tc* = 2J/(kB sinh−1(1))]  (7) 

 
Thus, the normalized transition width is given as 
WO = 1 − sinh-1(1)/sinh-1(4/2550.25) ≒ 0.000785.  
The value of WO is two orders of magnitude smaller than that of  
Wm (= 0.089) determined by the mean-field approximation. 

Improvement of the approximation has been made by many 
researchers. Bethe made an advance by putting the average value 
to the variable at the next-nearest-neighbor site instead of that at 
the nearest-neighbor site, to the result 

 
<σ(T*)> = tanh(zλ/kBT*)   (8) 
 
where λ is a parameter having a relation of 25) 
 
tanh(λ/kBT*) = tanh(J/kBT*)×tanh[(z−1)λ/kBT*] (9)  
 
From these equations, the normalized transition width WB is 
0.0510. The value of W decreases and approaches to exact value 
by the improved approximation. 
    Although an exact solution of the three dimensional Ising 
model has not been obtained, plausible numerical values have 
been presented by computer simulation. Talapov and Blöte gave 
results using the Monte Carlo method for the cubic model as 
follows: 26) 
 
<σ(t)> = t0.32694109×(1.6919045 − 0.34357731×t0.50842026  

− 0.42572366×t), 
t = (TC*−T*)/TC* ; TC*=J/(0.2216544×kB) (10) 

 
The normalized transition width W3S obtained from this result is  
0.0272. 

Taken together, WO (= 0.000785) < WP (= 0.0081) < W3S     
(= 0.0272) < WB (= 0.0510) < Wm (= 0.089). As the dimensions of 
the model increase from two to three, the value of W increases 
more than 30 times. This shows that the space in which the 
polarization can fluctuate spreads because of the increase of the 
dimension, and it becomes possible to fluctuate largely at a 
temperature farther from TC. Comparing W3S and WP, WP is 0.3 
times W3S, and the temperature range where a large fluctuation 
exists is narrow; the reason for which is considered to be as 
follows. Whereas the Ising model considers the nearest-neighbor 
interaction, the electric dipole of the molecule interacts to farther 
sites. The long-range interaction strengthens the cooperativity and 
provides the suppression of the fluctuation and the decrease of W. 
This point is a difference from ferromagnets in which the 

magnetic interaction works mainly between nearest-neighbor 
sites. The differences between ferroelectric and ferromagnetic 
materials are described in Ref.2 (p.158). 

The crystal structure of TGS was studied afterward, and the 
crystal was found to have two molecules facing each other on a 
mirror image plane to form one unit.27)  If the positions of a 
glycine group symmetrical with respect to the mirror image plane 
are made to correspond to ±1 of the variable σ the system would 
correspond to the Ising model. The values of WP will be revealed 
in the future by computer simulation or the improved 
approximation. 
 

6. Conclusion 
 

The characteristic behavior of a ferroelectric second-order 
phase transition was clearly observed by the simultaneous 
measurements of both heat flow and pyroelectric current in TGS. 
From both experimental data of anomalous heat-flow and 
pyroelectric current, quantitative consideration of the process of 
the second-order phase transition as a function of temperature was 
performed. The analytical result agrees with the explanation of 
the transition mechanism given be the X-ray scattering 
experiment by Ito et al. A technique of simultaneous measurement 
of two physical quantities used here was proved to be a useful 
method to learn the second-order phase transition experimentally 
for students. 

In addition to the above mentioned, in the advanced chapter 
5, the experimental result was compared with the theoretical ones 
of a model of second-order phase transition. For the ease to 
compare the experimental result with the theoretical ones, the 
normalized transition temperature-width W is used. This index is 
useful for evaluating how the results depending on the model type 
and the approximation method agree with the experimental result. 
By theoretical consideration of the model, the essential 
mechanism of the cooperative phenomena can be understood, and 
the magnitude of the intermolecular interaction can be estimated. 

In the present measurement of pyroelectric current, a shunt 
resistor and a general purpose voltmeter were used instead of a 
highly sensitive ammeter; the exchange cuts cost with enough 
sensitivity. In addition, although a laboratory-made sensitive 
calorimeter was used here for heat flow measurement, it can be 
replaced with an inexpensive calorimeter. These arrangements 
make it possible to do this experiment in higher education and as 
part of extracurricular activities in high school. The measurement 
is automated by PC control. Though it takes more than a day to 
conduct the measurement, this is inevitable for the precise 
observation of the second-order phase transition; though, the 
running time can be reduced by restricting the accuracy. 

By the leaning content, the activities and the equipment 
mentioned above, many learners will understand the second-order 
phase transition deeply. 
 
Note: Part of this content is Master Thesis, ”ELECTRICAL AND 
THERMAL STUDY ON FERROELECTRIC PHASE 
TRANSITION OF TGS”(2013), Royal University of Phnom 
Penh, by Ms. Sun Limhuor. 
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