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1 INTRODUCTION
In linear rheology, the continuous relaxation
spectrum (CRS), h(t), is a quantity of vital impor-
tance, for once it is known, it is straightforward
to compute all other material functions [1, 2].
Unfortunately, it cannot be measured directly;
instead, it has to be inferred indirectly, most com-
monly, from small amplitude oscillatory shear

experiments. These experiments yield the fre-
quency-dependent dynamic moduli, G*(w) =
G’(w) + iG’’(w), where G’(w) and G’’(w) are the stor-
age and loss modulus, respectively, and w is the
frequency of deformation. The resulting problem
of deducing h(t) from G*(w) has a long and rich
history [2 – 10]. Mathematically, h(t) and G*(w)
are related by:
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Résumé:
Nous décrivons et implémentons un programme efficace, d’accès libre, multi-plateforme, appelé ReSpect, afin
d’extraire les spectres de relaxation continu et discret des mesures de modules dynamiques obtenues avec des
expériences de cisaillement dynamique de petite amplitude. Nous employons la régularisation non linéaire de
Tikhonov et la méthode de Levenberg-Marquardt afin d’extraire le spectre de relaxation continu. Afin d’obtenir
le spectre de relaxation discret, nous introduisons un nouvel algorithme qui exploite le spectre continu pour
positionner les modes. Il utilise un critère simple qui balance la précision et le conditionnement du problème de
moindres carrés résultant, afin de déterminer un nombre parcimonieux de modes. Le résultat final est un pro-
gramme facile d’utilisation et d’extension facile, qui peut être utilisé à partir du «command-line» ou d’une inter-
face graphique afin de surpasser certains des choix algorithmiques par défaut. 
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squares problem to obtain the discrete spectrum.
After determining Nopt using a heuristic which
tries to balance conditioning and accuracy, the
function PlotMaxwellModes does some basic
plotting.

There are only two functions that are shared
by contSpec and discSpec, viz. kernel and SetPa-
rameters. All the data files (with suffix ‘.dat’),
except the input file Gst.dat, are results of com-
putation written by the software. Other than
specgui.m, the other files related to the GUI are
specgui.fig, which sets the basic background, and
updateplot which updates plots in the figure
window of the GUI, when the user selects a new
or different plot.

6.2 EXAMPLE
Using the default settings, we call the function:
>> contSpec(): If the function is called without
any input arguments, it reads the parameters
from the file SetParameters. Alternatively, it is
possible to call the function by specifying the
parameters (contSpec(par)), in which case the
settings in the file SetParameters are not used.
contSpec computes H

λC(t), writes it to the file
H.dat, and displays it graphically. It also com-
putes the corresponding G*(w), writes it to the file
Gfit.dat, and displays the fit with the input data
graphically. It writes the range of λ sampled, with
the corresponding ρ and η in the file rho-eta.dat.
>> discSpec(): Like contSpec, it reads parameters
from the file SetParameters, when called with-
out any input arguments. discSpec also com-
putes the corresponding G*(w), writes it to the file
Gfitd.dat, and displays the fit with the input data
graphically. It writes the range of N sampled and
the corresponding error and condition numbers
in the file Nopt.dat.

REFERENCES
[1] Ferry J: Viscoelastic Properties of Polymers, 3rd edi-

tion, John Wiley & Sons Inc, Hoboken, NY (1980).
[2] Dealy JM, Larson RG: Molecular Structure and

Rheology of Molten Polymers, Hanser Publica-
tions (2006).

[3] Honerkamp J, Weese J: Determination of the
relaxation spectrum by a regularization method,
Macromolecules 22 (1989) 4372 – 4377.

[4] Orbey N, Dealy JM: Determination of the relax-
ation spectrum from oscillatory shear data, J.
Rheol. 35 (1991) 1035 – 1049.

[5] Baumgaertel M, Derosa ME, Machado J, Masse M,
Winter HH: The relaxation-time spectrum of

nearly monodisperse polybutadiene melts, Rhe-
ol. Acta 31 (1992) 75 – 82.

[6] Mead DW: Determination of molecular-weight
distributions of linear flexible polymers from lin-
ear viscoelastic material functions, J. Rheol. 38
(1994) 1797 – 1827.

[7] Winter HH: Analysis of dynamic mechanical data:
Inversion into a relaxation time spectrum and
consistency check, J. Non-Newtonian Fluid Mech.
68 (1997) 225 – 239.

[8] Brabec CJ, Rogl H, Schausberger A: Investigation
of relaxation properties of polymer melts by com-
parison of relaxation time spectra calculated
with different algorithms, Rheol. Acta 36 (1997)
667 – 676.

[9] Anderssen R, Davies AR: Simple moving-average
formulae for the direct recovery of the relaxation
spectrum, J. Rheol. 45 (2001) 1 – 27.

[10] Stadler F, Bailly C: A new method for the calcula-
tion of continuous relaxation spectra from
dynamic-mechanical data, Rheol. Acta 48 (2009)
33 – 49.

[11] Ronca G: Frequency spectrum and dynamic cor-
relations of concentrated polymer liquids, J.
Chem. Phys. 79 (1983) 1031 – 1043.

[12] Baumgaertel M, Winter HH: Determination of
discrete relaxation and retardation time spectra
from dynamic mechanical data, Rheol. Acta 28
(1989) 511 – 519.

[13] Baumgaertel M, Winter H: Interrelation between
continuous and discrete relaxation time spectra,
J.Non-Newtonian Fluid Mech. 44 (1992) 15 – 36.

[14] Jensen EA: Determination of discrete relaxation
spectra using simulated annealing, J. Non-New-
tonian Fluid Mech. 107 (2002) 1 – 11.

[15] Davies AR, Anderssen RS: Sampling localization
in determining the relaxation spectrum, J. Non-
Newtonian Fluid Mech. 73 (1997) 163 – 179.

[16] Macdonald JR: On relaxation-spectrum estima-
tion for decades of data: Accuracy and sampling-
localization considerations, Inverse Probl. 16
(2000) 1561 – 1583.

[17] Hansen S: Estimation of the relaxation spectrum
from dynamic experiments using Bayesian analy-
sis and a new regularization constraint, Rheol.
Acta 47 (2008) 169 – 178.

[18] Ince D, Hatton L, Graham-Cumming J: The case
for open computer programs, Nature 482 (2012)
485 – 488.

[19] Provencher SW: An eigenfunction expansion
method for the analysis of exponential decay
curves, J. Chem. Phys. 64  (1976) 2772 – 2777.

[20] Provencher SW: Contin: A general purpose con-
strained regularization program for inverting
noisy linear algebraic and integral equations,
Comp. Phys. Comm. 27 (1982) 229 – 242.

[21] Weese J: A reliable and fast method for the solu-
tion of fredholm integral equations of the first

24628-9Applied Rheology
Volume 23 · Issue 2

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



kind based on Tikhonov regularization, Comp.
Phys. Comm. 69 (1992) 99 – 111.

[22] Honerkamp J, Weese J: A nonlinear regularization
method for the calculation of relaxation spectra,
Rheol. Acta 32 (1993) 65 – 73.

[23] Weese J: A regularization method for nonlinear
ill-posed problems, Comp. Phys. Comm. 77 (1993)
429 – 440.

[24] Roths T, Marth M, Weese J, Honerkamp J: A gen-
eralized regularization method for nonlinear ill-
posed problems enhanced for nonlinear regular-
ization terms, Comp. Phys. Comm. 139 (2001)
279 – 296.

[25] Hansen P: Analysis of discrete ill-posed problems
by means of the Lcurve, SIAM Rev. 34 (1992)
561 – 580.

[26] Hansen PC, O’Leary DP: The use of the l-curve in
the regularization of discrete ill-posed problems,
SIAM J. Sci. Comp. 14 (1993) 1487 – 1503.

[27] Johnston P, Gulrajani R: Selecting the corner in
the L-curve approach to Tikhonov regularization,
IEEE Trans. Biomed. Engg. 47 (2000) 1293 – 1296.

[28] Heath M: Scientific Computing: An Introductory
Survey, McGraw-Hill (2002).

[29] Emri I, Tschoegl NW: Generating line spectra
from experimental responses. Part I: Relaxation
modulus and creep compliance, Rheol. Acta 32
(1993) 311 – 322.

[30] Kaschta J, Stadler F: Avoiding waviness of relax-
ation spectra, Rheol. Acta 48 (2009) 709 – 713.

[31] Ball RC, Mcleish TCB: Dynamic dilution and the
viscosity of star polymer melts, Macromolecules
22 (1989) 1911 – 1913.

[32] Doi M, Kuzuu NY: Rheology of star polymers in
concentrated-solutions and melts, J. Polym. Sci.
C-Polym. Lett. 18 (1980) 775 – 780.

[33] Shanbhag S, Larson RG: Chain retraction poten-
tial in a fixed entanglement network, Phys. Rev.
Lett. 94 (2005) 076001.

[34] Shanbhag S, Larson RG: Identification of topo-
logical constraints in entangled polymer melts
using the bond-fluctuation model, Macromole-
cules 39 (2006) 2413 – 2417.

[35] Watanabe H, Ishida S, Matsumiya Y, Inoue T: Test
of full and partial tube dilation pictures in entan-
gled blends of linear polyisoprenes, Macromole-
cules 37 (2004) 6619 – 6631.

24628-10 Applied Rheology
Volume 23 · Issue 2

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

mkroeger
Typewritten Text

mkroeger
Typewritten Text

mkroeger
Typewritten Text

mkroeger
Typewritten Text

mkroeger
Typewritten Text

mkroeger
Typewritten Text


