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The Theory of the Nonlinear ac Specific Heat
for the Glass Forming Material

- An Application of the Free Energy Landscape Picture -

Fumitaka Tagawa and Takashi Odagaki
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A theory for the nonlinear energy response to the oscillating tempearature is developed
and the nonlinear ac specific heat is defined. The theory is applied to the glass forming model
with the free energy landscape picture and the characteristics of the linear and nonlinear ac
specific heats in the glass forming materials are shown: (1) The width of the imaginary part of
the 1st order ac specific heat broaden and the frequency at the peak of the imaginary part
shifts to the low frequency region as the temperature decreases below the glass transition point.
(2) The nonlinear ac specific heat, which is defined from the nonlinear energy response to the
oscillating temperature, shows the anomally at the glass transition point and diverges at the
Vogel-Fulcher temperature in the glass forming model. This divergence behavior is similar to
that of the nonlinear magnetic susceptibility of the spin glasses. In this paper, the free energy
landscape picture is briefly introduced and the characteristics of the linear and nonlinear ac
specific heats are explained.
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Fig.1 The schematic picture of the free energy
landscape picture: The free energy landscape
F({R;}, T ) is defined as the function of the
temperature 7 and the particle characteristic

coordinates {R;}.
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Fig.2 The schematic picture of the energy change in
the free energy landscape picture: At the time ¢
= 0, the shape of the landscape changes from
that at the temperature 7 to 7 + AT. As the
time evolves, the energy approaches toward that

in the equilibrium state.

exp (= BFi (1))

PI(T) =
Zj exp (—BFi (1)

(15)
ZZC, B = VUkgTFREDHELL, Fi (T) FRET TDONX
AAVIOAHZAVF—%H5bT,

L72hoT, ZOETFVTRIHI S A YiEA L,
A(t) = LA P (1) (16)

ThHzbh5b, 22
TFATHD,

T, AJEBNA AV TEFES N R

3.2 AT REGEBEATOHEBD LY

/NHIE - HESE, IFPERONEOERE, Wl =0
TIREDTHOT + ATIZEL L 728 DT AT —DZ(L
LIMEZE DL LT, DTOLIICERE LD

E(T+AT,t) —E(T,0)
AT

(7

c(r.) = tin

22T, ROIANF—E (T, t) &, E(T,t) =2 E; (T)
Pi (1) THho ZOEFSINIILBUZ, WMET72 TR
A B IIFS B,

BEgle = 0 CIREDZAL L7 & &, Rldd Il e XA
AVANDEBIITE Y, WEERITT Cl@BETaiwn
W, T FATr—=7HEREIT ST 5720, XA AV
DIANVF—HRIIZEL TS (Fig.2)o L72h > T, Wl
=0 COEE 7 TV F FRDHE Cquenen (T) & LT, L
TOXHITEET 5,

i

OF
Cauenen (T) = C(T, 1 = 0) = X o Pi(T1=0)

i

(18)

Netsu Sokutei 35 (5) 2008



T AT E N\ B B IS B O Blag
— HHZAVF =T ¥ N7 — TG omEH —

Canneal

“ Cauench

temperature

Fig.3 The schematic picture of the time dependent
specific heat: The specific heats of the annealed
system, the quenched system and the measured
system are represented as the dashed line, the

dot line and the solid line, respectively.
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Fig.4 The Ist order ac specific heat of the trap model:
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of the imaginary part becomes larger as the

temperature decreases.
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To. The solid line is fitted with the data in the

low temperature region.
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The real part (left picture) and the imaginary one (right picture) of the 2nd order ac specific heat in the trap
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Fig.8 The temperature dependence of extrema of the
2nd order ac specific heat : The local minimum
of the real part (black circle), the local minimum
(white square), and the local maximum (white
triangle) of the imaginary part obeys the power
law (T —Tp)~V (solid line) in the law temperature
region below the glass transition point 7, and

diverge at T.
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