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1 KWW

”Further Cosiderations of Non Symmetrical Dielectric Relaxation Behabiour arising from
a Simple Empirical Decay Function”, G.Williams et.al, Trans. Faraday Soc., 67(1971), 1323-1335

φ (t) = e
−
(

t
τ0

)β

(1)

0 < β ≤ 1
ε∗ = ε (ω)− iε (ω)

ε∗ (ε) − ε∞
ε0 − ε∞

=
∫ ∞

0

[
−dφ (t)

dt

]
exp (−iωt) dt (2)

λ = τβ
0 s = λ0 + iω λ0 ≈ 0

ε∗ (ε) − ε∞
ε0 − ε∞

= βλ

∫ ∞

0

[exp (−st)]
[
exp

(
−λtβ

)]
tβ−1dt (3)

ε∗ (ε)− ε∞
ε0 − ε∞

=
∞∑

n=1

(−1)n−1 1

(ωτ)nβ

Γ (nβ + 1)
Γ (n + 1)

[
cosnβ

π

2
− i sinnβ

π

2

]
(4)

0 < β ≤ 0.25 −4 ≤ log ωτ0 ≤ 4
0.25 < β < 1.0 −1 ≤ log ωτ0 ≤ 4

ε∗ (ε)− ε∞
ε0 − ε∞

=
∞∑

n=1

(−1)n−1 (ωτ0)
n−1

Γ (n)
Γ

(
n + β − 1

β

) [
cos (n− 1)

π

2
+ i sin (n − 1)

π

2

]
(5)

3 t → 0 tβ−1 → ∞, (0 < β < 1) singularity
x = λtβ

ε∗ (ε) − ε∞
ε0 − ε∞

=
∫ ∞

0

[exp (−x)]
[
exp

(
−iωτ0x

1/β
)]

(6)

2

log(ωτ0) (4) (5)

(fig.2.1) 10 fig.2.1

(4),(5) log(ωτ0) ± β 0.1 1.0 0.1
(Fig.2.2) IgorPro(WaveMetrics Inc.) procedure

n=10 n=50
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Figure 2.1:

IgorPro

β

β=0.1 β=0.2 (5)
0.2
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log(ωτ0)

 β=0.9(10)
 β=0.1(10)
 β=0.9(e)
 β=0.1(e)

Real part
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Figure 2.2:
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3

(6) Simpson’s Method,
Romberg Integration (2

3
)×3n−1 Numerical Recipes

EPS 1.0e-5 x

log(ωτ0) ± β 0.2 1.0 0.1

Simpson’s Method simp.c,QSIMP.C,TRAPZD.C
romberg1 romberg1.c, QROMO.C,MIDPNT.C,POLINT.C
romberg2 romberg2.c,QROMB.C,POLINT.C,TRAPZD.C

Numerical Recipes

Simpson’s Method

Romberg Ingtegration
(romberg2)

romberg2 x=50

log(ωτ0)

0.2 -2
0.3 -1
0.4 0
0.5 1

(5) romberg2
(4)

romberg2 β=0.2 β=0.4 log(ωτ0)=1.0
QROMB.C EPS 1.0e-6 1.0e-5

4 XFUNC

β log(ωτ0) KWW
XFUNC
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0 < β ≤ 0.2

0.2 < β ≤ 0.3 log(ωτ0) < −2
log(ωτ0) ≥ −2

0.3 < β ≤ 0.4 log(ωτ0) < −1
log(ωτ0) ≥ −1

0.4 < β ≤ 0.5 log(ωτ0) < 0
log(ωτ0) ≥ 0

0.5 < β ≤ 1.0 log(ωτ0) < 1
log(ωτ0) ≥ 1

n=50 Romberg Integration EPS=1.oe-6 x 0 50

5

1. β 0.1 1.0 0.1

2. β ZoneRanger IgorPro

3. β=1.0

6

Numerical Recipes

QSIMP.C
QROMB.C
QROMO.C
MIDPNT.C
POLINT.C
TRAPZD.C
GAMMLN.C

”NUMERICAL RECIPES in C 2nd Ed.”,Press et.al, Cambridge Univ. Press, ISBN 0-521-43108-5

XFUNC

KWWXFUNC.r
KWWXFUNC.h
KWWXFUNC.c XFUNC
calcKWW.c
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QROMB.C Romberg Integration
POLINT.C
TRAPZD.C
GAMMLN.C
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