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Abstract

A generic model is presented for statistical systems which display thermodynamic features in contrast to our everyday
experience, such as infinite and negative heat capacities. Such system are instable in terms of classical equilibrium thermody-
namics. Using our statistical model, we are able to investigate states of instable systems which are undefined in the framework
of equilibrium thermodynamics. We show that a region of negative heat capacity in the adiabatic environment, leads to a
first order like phase transition when the system is coupled to a heat reservoir. This phase transition takes place without a
phase coexistence. Nevertheless, all intermediate states are stable due to fluctuations. When two instable system are brough
in thermal contact, the temperature of the composed system is lower than the minimum temperature of the individual systems.
Generally, the equilibrium states of instable system cannot be simply decomposed into equilibrium states of the individual
systems. The properties of instable system depend on the environment, ensemble equivalence is broken.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction for a new type of behavior in finely structured mat-
ter. The nanometer length scale is dominating for sev-
There is increasing interest in studying small sys- eral years in polymer science. For instance, copoly-
tems with a typical size in the nanometer range. Such mers form regular micro-phase separated states where
systems are still much too big to be understood in the extension of the obtained micro-phases can reach
terms of pure quantum mechanical states. On the otherdown to a few nanometers. In particular asymmet-
hand, also thermodynamical concepts reach their limit. ric copolymers, having a long block of speciésnd
As has been shown experimentally for small sodium short block of specie®, can establish equilibrium
clusters[1], instable thermodynamic states can ap- super-structures, where tBeblocks are located in reg-
pear when coexistence at the transition between two ular arrays of nanometer size spheres embedded in a
phases is suppressed due to the limited size. One of thematrix of A-blocks. As has been shown recenfy,
most intriguing consequences is the existence of neg- such nanometer sized and well separated polymeric
ative heat capacitiefl—4], which were already pre- spheres can undergo well defined crystallization and
dicted in the context of long-range interactidbss]. melting processes. However, in contrast to the exper-
However, experiments on small metal clusters give iments on small metal clusters, only the ensemble of
only the first, but presumably most direct evidence a huge number of such small systems ordered in a
well defined super-structure has been analyzed ther-
* Tel.: +33-3-89-60-87-22; fax:+33-3-89-60-87-99. modynamically up to now. Nevertheless, since individ-
E-mail addressju.sommer@uha.fr (J.-U. Sommer). ual systems can only interact by exchanging heat, the
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observed thermodynamic properties of the array of alyzed inSection 5. In both cases thermal coupling
many such systems can be different from the corre- to a heat reservoir leads to well defined states which,
sponding behavior of a homogeneous, bulky polymer. however, differ from those obtained in the adiabatic
In order to learn more about thgeneral proper- environment. For closed hierarchies a state of dy-
ties of instable systems a solvable statistical model is namic coexistence is obtained, which reflects a phase
needed. Itis the aim of the present work to propose and transition between a low and a high energy phase
discuss such a generic model for instable (and as wewithout thermodynamic coexistence. Thermal equilib-
will see, necessarily non-extensive) systems under dif- rium between non-extensive systems is considered in
ferent conditions. It will be shown that systems having Section 6. Here, we show for case of regular hierar-
infinite or even negative heat capacities can obtain well chies, that the temperature of the composed system is
defined states also when coupled to a heat reservoiralways lower than the temperatures of the individual
or among each other. However, these states are nowsystems without thermal coupling, in marked contrast
different to the states obtained when such systems areto the behavior of stable systems. $ection 7, my
isolated or in contact with a tiny thermometer. This is conclusions are presented.
because fluctuations are determining the states, which
leads to different predictions for different ensembles.
It will be shown that the equilibrium states cannot be
associated with the individual systems, but has to be
understood as a property of the composed system and
can, therefore, also change with the environment.
The rest of this work is organized as follows. In

2. Unstable systems, negative heat capacities and
non-extensivity

From the fundamentals of thermodynamics it fol-
lows that systems in contact to an infinite heat reser-
voir must have a positive heat capacity. This is closely

section 2, itis shown under which conditions in equi- related to the condition of stability of thermodynamic
librium thermodynamics (ETD) negative heat capac- o y ot ynami
equilibrium states. The proof for this conclusion is

ities can be defined and which are the consequences o
. . . sketched irFig. 1.
of such unusual properties. 8ection 3, we introduce . . .
: . . Here, we consider a thermodynamic syst&nin
the model of a hierarchically organized phase space contact with a heat reserva® at temperaturd. For
which allows a statistical analysis of systems hav- P ’

ing a non-positive heat capacity. We distinguish be- ::]oe e?cﬂ::';Egjnrzss(tg)te;ngfg?;ega':tg;ngleﬁ:eef){g |ns
tween two types of models: regular hierarchies, which Py '

oo oY . . in stable equilibrium withS, with the freedom to ex-
lead to infinite heat capacities in the micro-canonical change enerav in form of hea®. the total entro
treatment, are considered Bection 4. Closed hier- 9 9y aQ, Py

archies lead to negative heat capacities and are an-S, = S+ 5/, (1)

Sg =S8+¢ .
Reservoir

C—+ o

Fig. 1. lllustration of the coupling of a thermodynamic system with a heat reservoir. The heat exchanged with the B€3atgoieases
the entropy of the (formally infinite) reservoir in a reversible way: = §Q/T.
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must display a maximum value, that is, its total change
8S, must be negative, irrespectively of the direction of

17

Another argument can be raised from statistical
physics. The partition function for a system in equi-

the exchange of heat. Now, considering a small amount librium with a heat reservoir is given by

of heatsQ to be transferred fror8 to S, this changes

the state ofS from A to B (seeFig. 1) and increases

the entropyS(E) accordingly. At the same time, this
heat transfer decreases the entropgofjiven by

50

= ()
This can be illustrated by a corresponding change from
A to C in the E, S-diagram inFig. 1 (following the
linear slope of 1/Talong the tangent o8(E) at the
stateA). The total change in entropy of the composed
system,8S,, is now visualized by the differencts,
between the statB andC’, whereC' is mirror-image

of C, which accounts for the negative entropy change,
—8S. Thus, 8S; is negative, if the poinB is below
the tangent of the curvB(E). The same is true for an
exchange of heat in the opposite direction. Therefore,
we conclude: the stat& corresponds to a stable equi-
librium state at the temperature 1/ dS(E)/9E| 4,

if the entropy function remains below its own tangent,
that is,S(E) is a concave function. This requires

58 = —

¥

On the other hand, the heat capacity is given by
1 598

—=-T"—. 4
C OE? “)

Therefore, thermodynamic stability in respect to the

®)

7= Ze"m,
P

whereg = 1/T, and the Boltzmann constant is set to
unity in the following. Then we have

WE)  ,0%nZ

=28
B2

oT
= B2(AE?),

= B2((E?) — (E)?)
(6)

where the brackets denote the averaging according to
the canonical distribution. In anticipation of the case
of instable system, we distinguish the values in the
canonical ensemble with an over-bar. Now, the heat
capacityC is directly related to the mean squared fluc-
tuation of the energy, enabled by the heat reservoir.
Therefore, the value of has to be positive.

However, our arguments do not exclude the exis-
tence of a negative heat capacity when the system is
not coupledto an infinite heat reservoir. Let us now
consider a “thermometrical environment,” whe$és
coupled to amallsystemS. The meaning of “small”
concerns the value of the heat capacity of the ther-
mometerC/, as it becomes clear from the derivations
below. The idea is illustrated iRig. 2.

Now, the non-linear component in the entropy
change of the thermometéB (E), has to be taken into
account too. We consider an entropy functiS(E)

exchange of heat is equivalent to a positive heat ca- which is now convex, that is, follows above its tan-

pacity.

88’

3Q

3Q E

gent at the poinA, which still defines the equilibrium

Thermometer

Fig. 2. lllustration of the coupling of a thermodynamic system with a small “thermometric” system. Now, the exchange af laésd
involves non-linear behavior of the thermometer’s entropy function.
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temperature between both systems. A heat uptake,be used to analyze such states, is the fact that fluctua-

8Q, results again in a change of state indicatedBby

tions play a predominant role. The concept of fluctu-

in Fig. 2. As a consequence the entropy of the ther- ations is not incorporated into the framework of ETD

mometer is reduced b§S following the curveS(E)
to the pointC. The mirror image (negative entropy

change) of the part of the thermometer’s curve is de-

noted by the dashed line and the potit Provided,

and the preassumptions about thermodynamic equilib-
rium are made accordingly. To step forward, we need
a tractable statistical model which reflects the prop-
erties of instable systems and can be analyzed in full

that the absolute value of the second derivative of the detail using statistical methods. Such a model is pro-

thermometer’s entropy function is larger than that of posed in theSection 3.

S(E) (higher curvature), the total change of entropy is

indeed always smaller than zero iBbelowC'), irre-

spectively of the direction of heat exchange. As a con- 3. Hierarchically organized phase spaces

sequence, the stat® corresponds to an equilibrium

between the both systems at the common temperature The aim of the paper is to present a statistical model

T, which is indeed thermodynamically stable. which is able to reflect the unusual properties of unsta-
The condition for this stability can be expressed in ble systems only. Such properties are usually only ob-

terms of the total entropy change as follows served for small systems (or long-range interactions)

1 1 1 in a certain range of temperature (energy). Also, for
—— (= - = )sE>
212\ C’ |C|

the presented model a finite energy range {Sge3)

is defined. However, no assumptions about the behav-
Hence, a stable equilibrium is possible, if the condition
)

88y =~ (7)
ior outside this region of instability is made. This sim-
plifies the mathematical analysis drastically and make
it possible to better understand the properties of sys-
tems under non-stable thermodynamic conditions. Our
model can be visualized geometrically as a hierarchy
of states as sketched lig. 3. Each level (generation)
of the hierarchyg corresponds to a definite energy
value E(g). The number of micro-states is then given
by

2 = ¢gF@/Eo,

c <|q,

is satisfied.

On the other hand, if two systems with < O are
brought in thermal contact, equilibrium is impossible
in terms of ETD. Then, we obtain

88, 1 (1 + 1>8E2
fTerz\|cy I ’ (10)

which is always positive. Thus, every change in the \hereq denote the (constant) branching number of the
state of the two system increases the entropy, which hierarchically organized phase space. Then we obtain

yields to a spontaneous change of state until a region for the Boltzmann entropy according to
with a positive heat capacity is reached for one or both E(g)

of the systems. S=In2=—"*Ing.
As a consequence, a system with negative heat ca- Eo
pacity cannot be composed of subsystems having the \We distinguish two cases concerning the energy

same properties as the overall system—a system withsteps between to successive generatibE¢g):
negative heat capacity is necessaripn-extensive.

We have to recognize that classical ETD cannot AE(g) =
make any further prediction for the behavior of_ unsta- AE(g) = Eo(1—6)
ble systems either coupled to a heat reservoir or be-
ing in thermal contact among each other. In fact, such Here,§ corresponds to a small dimensionless param-
states would be thermodynamically “impossible” as eter. For any real system, unstable behavior will only
demonstrated iEq. (9). As we will see in the follow-  occur in a limited energy range as sketched in the
ing sections, such states are nevertheless statisticallylower part ofFig. 3. We will consider here the mini-
well defined. The reason, why thermodynamics cannot mum energyEmin = 0. For closed hierarchies, there

(9)

(11)

Ep = constant regular hierarchy (12)

closed hierarchy (13)
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@ single microscopic state

Emax
Regular hierarchy:

AE(g) = Egy = const

Closed hierarchy:
AE(Q) =E4(1 3)

Emin

Phase transformation

Fig. 3. Sketch of an hierarchically organized phase space. The micro-states are represented by bullets and form a regularly branched
tree. Each levelg, of the tree represents a definite energy state. The energy difference between two successive levels in the hierarchy is
given by AE(g). If these energy steps are constant, we call it a regular hierarclyE(f) decreases with the level, we call it a closed
hierarchy.

exist an upper limit for the energy, due to the contrac- units, these quantities have to be multiplied Eyat

tion of levels, given by the end. The partition function is given by
Eo E Emax E
Emax= —. 14 - _Ek il
max = — (14) Z= Xk:exp{ - } = /0 dE.Q(E)exp{ T} ,

(17)

4. Regular hierarchies wherek denote all microscopically accessible states of

) ) the system. This sum can be replaced by an energy in-
We start with the simplest case where the steps be- tegration (or summation) where all micro-states which
tween successive levels of the hierarchy are constant,cqrrespond to a certain energy le@hre represented

seeEq. (12). This leads to a linear relation between again by2(E). UsingEgs. (11) and (15pne obtains
Boltzmann’s entropy and the energy

Emax E E 1
E E Z= dEexp]—= 4+ — | = —(1 — e 3max),
Eo Tp (18)
with . with
0
Tp=—. (16) _i_TH\_
In q a = ? 1 T_B = ,B'L', (19)
Hence, the temperature is constant and independentgng
of the energyE contained in the system. We cdlk T
the Boltzmann temperature. Because 3f5/0E? = t=1- Tp (20)
—1/(T?C), the heat capacit€ is infinite.
We consider nowSin contact with an infinite heat g _ 1 (21)
reservoirS at a given temperaturg. In the following r

we count all energies in units & for the sake of = The maximum energ¥max, becomes important when
simplicity. Then, the energy variable(as well as the T is higher thanTg. Note that the canonical distri-
temperature) is dimensionless. To recover the original bution exp{—aE}is monotonous. Fot > 0, that is,
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T < Tg, the distribution is simply decaying, the most On the other hand( is finite at7 = T, for a finite
probable value of the internal energy is the small- value ofEmax

est value (lower bound), which is equal to zero. For _ 1

T > T, the distribution is simply ascending, the up- C = l—zEzmax for T =T;. (29)

per bound of the internal enerdsimay, is realized with

maximum probability. On the other hand, the canoni-  Hence, the isothermal environment leads to a ther-
_ the isolated state. The unusual properties of the iso-
E _ {E) _ } <1_ w> (22) lated system are reflected bycdtical point like di-

T T T 1— e hmax )’ vergencyof the heat capacity when approaching the

where the brackets denote the averaging over the Boltzmann temperature in the ETD limit.

canonical distribution. Fof" < Tz, we can consider

the limit Emax— oo. Then we get 5. Closed hierarchies and dynamical coexistence

- T
T The relation between the internal energy and the
Note that because OEq. (15), we have (S = number of generation in the hierarchy is now given by
E)/Tg. On the other hand we have 1 ES
\E)/T5. On ¢ = —2in (1— —>, (30)
F=E-TS. (24) 8 Eo

where we have assumédk 1, that is, In(1 — §) ~
—34. Using the simple relation between the entropy and
theg, seeEq. (11), one obtains

1 ES
S =—Ing-I 1——). 31
nqsn( EO) (31)

Using Eq. (18), we obtain

F
Z=Ina-In@- g~ aEmax) (25)

In the limit of Emax — oo (T < Ts), we can use
Eq. (23), which yieldsT = E/(1+ E/Tg). Using

further Eqs. (24) and (25), one gets According to Eq. (14), we have gax = 1/8. The

temperature of a closed hierarchy is thus given by

_ E E
S:T—B+(1+Inﬁ)=<5)+As. (26)

ES E
To=Tp =Tp <1— 7 ), (32)

Eglng max
The additional termAS provides the stability prop-
erty (negative curvature) for the entropy in the isother-
mal environment. For consistency, one can check that
1/T = 3S/9E is obeyed.

The entropy of a regular hierarchy, coupled to a heat

where the Boltzmann temperature of the regular hier-
archy, se€=q. (16), has been used. Note that the tem-
perature of a closed hierarchy can not be larger than
Tp. For the heat capacity we obtain

reservoir, is not given by the average (expectation) C—_ i } _ _ Emax (33)
value (due to the fluctuation of the energy state) but Tp é Tg ’
contains a part which is related to the coupling itself,

which displays negative values in the whole range of

thl_JI_Sh<S>h7é f ity in the isoth | . ti the internal energy.

. eb eat capacily In Ihe isothermal environment ISty first non-trivial approximation o8(E, s), see
given by Eq. (31), is given by

= J - 1 (tEmax)? } E 1 E
C=—(F)==5{1-——"4. 27 ~ £ =

BT( ) 2 { 4 St (tEmax/2) @0 S= Tg (l 2 Emax) ' (34)

For the limit Emax — o0, this yields If E is much smaller thafEmay, the first term is suffi-

_ 1 cient which corresponds to the case of the regular hi-

C=k for Ema— oo (28)  erarchy. Sinc&q. (34)is analytically better tractable,
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a
a
a

P(E) in arbitrary units
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LA L L DL I
E . =

max

T 7 17T 7717
20,E T.=2,a=4.5

max B

Fig. 4. (a) Canonical distribution of the internal enefg@fE) for different values of the temperature functier= Sz. The distribution is
symmetric around the minimum vall&, for a* = 1/2T. (b) The integration of the partition function can be separated in two parts with

respect toE*.

and it contains all relevant properties of the closed hi- same functional form which is given by

erarchy, we will useEq. (34)exclusively in the fol-
lowing.
The canonical partition function is given by

Emax Emax
Z= / deeSE/T = / dEe 7. (35)
0 0
Using Egs. (34) and (19)ve obtain
1 E?
F=EBt— = . 36
ﬂ 2 EmaxTB ( )

The canonical distribution functioR(E) = exp(—F)
is plotted for different values af = Bz in the left part
of Fig. 4.

In marked contrast to stable distributiofE) ex-
hibit a minimum value (instead of a maximum) at

E* = TB,B'L'Emax. (37)

For large values 0Emax/Tp the both peaks aE = 0
and E = Emax dominate the partition function. In or-
der to evaluate the partition function, we subdivide the
integration in two parts with respect & as indicated

in the right part offig. 4.

E*

Emax
Z=2721+7p= / dEe—f+/ deEe”. (38)
E*

0
We denoteZ; as thelow energy phasandZ; as the

RS }
2 TB Emax '
(39)

€12
Zi2= exp(—]-‘(E*))/ dx exp{
0

with ¢1 = E* andcz; = Emax — E*. Evidently, both
parts equally contribute foOE* = Emax/2. There-
fore, we introduce a cross-over temperafiife using
Eq. (37), according to
2

TspB L ?y
T=- — =Tpg.
B 2 3B

(40)
Note thatT* does not depend o#. It is useful to
define the deviation from the cross-over temperature,
A, according to

T><
A=1——, 41
. (41)
as well as the scaling variableas
Emax
= . 42
n=— (42)

In the following we always assumg > 1, which
means that many levels of the closed hierarchy are
involved, seeEq. (16).

As shown in theAppendix A, the following approx-

high energy phase, respectively. Both parts have the imation for the integral irEq. (39)can be used
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¢ 1
/ dx exp(b®x?) >~ —exp(b®c?) for bc>> 1,
0 cl?

(43)
Then, we obtain fronEqgs. (36)—(42)the following
result

2 1 N ox 3 A

= Jil1-38a T113aP2"

for n> 1.

Now, in the vicinity of the cross-over temperature,
that is,A « 1, the internal energy can approximated
by

(44)

anzZ
p
Hence, the internal energy in contact with a heat reser-
voir displays a smooth step at = 0, which develops
into a sharp jump fon — oo.
Within the same approximation, the heat capacity
is given by

Emax
T lye Al

E=(E)= (45)

)72

4cosif((3/4nA)

o

~

(46)

Thus, the heat capacity is positive, as expected, and

displays amajor singularityfor  — oco. On the other
hand, Egs. (45) and (46fan be taken as signa-
ture of a first order phase transition, taking place in

between the low energy phase and the high energy

phase of the hierarchy. Directly &t, the system fluc-

J.-U. Sommer/Thermochimica Acta 403 (2003) 15-24

B

Fig. 5. Two instable systems, having the enerdgigsand E, and
the same temperatuiBs, are brought in thermal contact.

namely the behavior of unstable systems in thermal
contact among each other. In this work we will re-

strict ourselves to regular hierarchies in thermal equili-
brium.

Let us bring two regular hierarchies of the same
type, having the energids; and E,, respectively, in
thermal contact, sdeig. 5. The two parameters which
define a regular hierarchy aifg; and Emayx. After the
thermal coupling is established, we can no more iden-
tify the energy content of both systems. The number
of micro-statesy?2, of the composed system is there-
fore given by taking into account all possible distri-
butions of the total energyy = E; + E2, over both
subsystems. For simplicity we assurfig 2 < Emax.
Then, we can write

E;
Q= 21(E1+ AE)$22(E2 — AE)dAE
—Eq
Ez E1+ AE E> — AE
=f exp(L> exp<2—> dAE.
—E; Tp Tp

(47)

tuates between both phases. These large fluctuations

(in contact with a heat reservoir) are responsible for
the stable behavior of the free enerfy= —TIn Z.
Therefore, we can call such a behaviordgmamical

E
phase coexistence, being an alternative, thermodynam-S = In$2 = Ts +InE.

ically stabilizing, scenario to the usual static phase co-
existence.

6. Non-extensive systemsin thermal equilibrium

In the last two sections we have shown that the

Therefore, the entropy of the overall system is given
by

(48)

Coupling the overall system to a thermometer, we can
measured a temperatufegiven by
1 1 1 1

— - > T (49)

T T  E

Hence, thetemperatureof the coupled systenhas

behavior of unstable systems is well defined under changedand depends from the total energy content.
isothermal conditions. However, these results could The temperature of two instable system in thermal
not have been obtained using thermodynamical argu- contact at the same individual temperatures is smaller
ments, since the stabilization of the states are given by than the individual temperatures of both parts. This
fluctuations. We now turn to another question which is also valid for the more general case of differ-

cannot be answered in the framework of classical ETD, ent individual temperature§; and T, (dropping
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B B

Es

En

B

B

Fig. 6. Many instable systems having the same temperdtgrare brought in thermal contact.

the index “B”). Here, the following equation can be
derived
1 1

—== (1 + ’ ) ,
T Ty exp((E/T)1) — 1
with t = 1— T1/T» and withTy < T» without loss of
generality. This proves the general inequality for the
thermodynamic equilibrium of two instable systems
of the type of regular hierarchies

T < min(Ty, T2).

(50)

(51)

The temperature of the overall system is smaller than

the minimum temperature of both parts, in marked

contrast to the usual “mixing rule” for stable systems.
Finally, we consider the thermal equilibrium bf

regular hierarchies of the same type as sketched in

Fig. 6. We obtain
N-1 E

Q=—— —).

(N—bfm<m>

Using the limit of largeN, we can assum&/ —
1~ N. This yields to the following expression for the
inverse temperature of the overall system

1 N 1 1 1
Ty To Tg
Here, we have introduced an “energetic” temperature

(52)

il (53)

To=[E] = £,

= (54)

This limit corresponds to a sparse load of the individ-
ual hierarchies with energy. In the opposite case we

get
2
Tt
(—0) for To > Tp.
Tg

C

N

~

c= (57)
Here, in average many levels of the individual hierar-
chies are energetically loaded. The non-trivial feature
is the strong dependency of the specific heatC/N
from the energy content, that is, from the energetic
temperature.

7. Conclusions

An analytically tractable model for instable statis-
tical system has been proposed. Using this model, we
were able to analyze the behavior of such systems
which are unstable in the sense of classical ETD (hav-
ing non-positive heat capacities) in situations which
are not accessible by ETD. It can be shown, that en-
ergy fluctuations can establish a thermodynamic equi-
librium. For stable thermodynamic systems, energy
fluctuations are usually much smaller compared to the
observed energy of the system. This is of course no
more true for the model discussed here. In the insta-
bility region the whole energy contents takes part in
fluctuations. The properties of such equilibrium states

where the brackets [...] denote the averaged value are somewhat different to those of stable systems. In

per subsystem. Usingq. (53), we obtain for the heat
capacity

B2 (1 . 2
N \To Ts)
Assuming that the overall energy is proportional to the
number of subsystemsl, the heat capacity isxten-

sive. In the limitTy <« T, we get for the specific heat
c=C/N

C (55)

C
c=x ~1 for To <« Tg. (56)

particular, the state of the composed system has a new
quality, which cannot be reduced to the “product of
states of individual systems.” One should denote such
states afluctuation induced thermodynamical equilib-
rium, to distinguish them from equilibrium states in the
framework of classical ETD, where fluctuation effects
are not considered. Therefore, the role of temperature
(as defined in the usual sense as & BS/9E) is re-
duced, which leads to unusual results, such as the pos-
sibility of an equilibrium between systems of differ-
ent temperature and the reduction of the temperature
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for instable systems in equilibrium, sees. (49)—(51) After carrying out thex-integration, we obtain
and (53). 1 [ o1

Instable statistical systems can be driven through [ = — / dye /2= (P — 1), (60)
phase transitions when being in contact to a heat reser- V2r J-oo by
voir. For the model of a regular hierarchy (marginally In the limit of bc>> 1, the integral is dominated by a
instable) a power-like singularity of the heat capac- Gaussian peak at
ity is shown when the temperature of the heat reser- _
voir approaches the intrinsic temperaturg of the y = bc. (61)
system. This resembles a continuous phase transitionThen, we can approximate the integral by
scenario. Most interesting is the behavior of true in-
stable systems having a negative heat capacity. Here,, =~ 1 1 1,5\ (% 1 -2
a phase transition between a low energy phase and’ = EEeXp<§b ¢ )/oodyexp<§(y =) )
high energy phase takes place at a temperattfre 1 1,,
without static coexistence. However, &, fluctua- = E“D(zb ¢ ) » (62)
tions between both states occur which, on the other
hand, stabilize the equilibrium with the heat reser- which is given inEq. (43). The first correction to is
voir at this temperature. Such faictuation induced  of the order 1/bc.
phase equilibriumcan be called alynamical phase

coexistence.
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