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Abstract 

This thesis treats three topics in mechanics of helices, each being covered in a separate 

part. The first part focuses on the determination of a spectral (i.e., frequency dependent) 

finite element of a helix. The helix is treated as a straight, linear elastic element, 

exhibiting coupling of axial with torsional responses. Explicit forms of all the coefficients 

of the stiffness matrix are derived and their dependencies on the frequency and the 

parameter describing the said coupling are plotted. In general, the growth of that 

parameter leads to a progressively denser occurrence of the resonances of both axial and 

torsional motions. 

In the second part, mechanics of helically shaped elastic strands is studied. Explicit forms 

of four constitutive coefficients of the helix are derived according to the formulation of 

Costello (1990). By performing parametric studies of the derived coefficients, it is shown 

that the coupling coefficients relating axial with torsional responses are not in perfect 

agreement. Thus, the reciprocity relations dictated by the Maxwell-Betti theorem are not 

recovered exactly, whereby an improvement on the theory of Costello remains an open 

challenge. 

In the third part, the viscoelastic response of the helix is studied and its constitutive 

differential equations are derived by assuming three specific types of viscoelastic models 

(Kelvin, Maxwell, or Zener) for a material at the micro level. Solutions to these 

constitutive differential equations are expressed for creep and relaxation behaviors of the 

helix. It is found that the effective viscoelastic response of the helix is generally different, 

and more complex in type than the material response of viscoelastic helical strands 

themselves. 
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Résumé 

Le présent mémoire traite de trois facettes de la mécanique des hélices qUI sont 

présentées séparément. La première partie concerne l'élaboration d'un élément fini 

spectral (i.e., dépendent de la fréquence) d'un élément de type hélice. L'hélice est ici 

considérée comme étant un élément droit, élastique linéaire et ayant un comportement à 

la fois axial et de torsion. Une formulation détaillée de tous les coefficients de la matrice 

de rigidité est démontrée et les corrélations de ces coefficients par rapport aux fréquences 

et le paramètre décrivant le couplage sont montrés graphiquement. En règle générale, la 

croissance de ce paramètre tend à démontrer une incidence progressivement plus dense 

des résonances de mouvements axiaux et de torsion. 

En deuxième lieu, la mécanique de torons élastiques hélicoïdaux est étudiée. Les 

formulations détaillées des quatre coefficients d'une telle hélice sont démontrées selon la 

formulation de Costello (1990). En effectuant des études paramétriques sur les 

coefficients étudiés, il a été démontré que les coefficients de couplage ne correspondent 

pas parfaitement. Ainsi, les relations de réciprocité telles que démontrées par le théorème 

de Maxwell-Betti ne sont pas respectées et l'amélioration de la théorie de Costello 

demeure un défi. 

Dans la troisième et dernière section de ce mémoire, le comportement viscoélastique de 

l 'hélice est étudié et ses équations différentielles sont démontrées en supposant trois types 

de modèles viscoélastiques (Kelvin, Maxwell, ou Zener) du matériau à un niveau 

microscopique. Les solutions à ces équations différentielles sont exprimées pour le fluage 

et l'état de relaxation d'une hélice. Il est démontré que le comportement viscoélastique 

effectif de l 'hélice est généralement différent et plus complexe que le comportement 

viscoélastique du matériau constituant les torons hélicoïdaux. 
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2.11 INTRODUCTION 

1.1 Background 

A property common to structural elements such as rope, yam, cord, cable, and strand - all 

of which are complex he1ical assemblies - is the ability to resist relatively large axial 

loads in comparison to bending and torsionalloads. Rope, because of this property, is one 

of the oldest tools that men have used in their efforts to improve the living conditions. 

For example, a copper cable found in the ruins of Nemeveh near Babylon indicates that 

wire rope was used as a structural element about 700 B.e. 

This thesis, as the title indicates, is concemed with several mechanical responses of 

helices. In recent years, considerable progress has been made in the development of 

models to predict the response of a helix or any helically wound bundle like a wire rope. 

Since there are several parameters that may vary in the construction of a helix, such 

models can be used to determine the effects of possible variations of the parameters on 

the performance of a rope. In these models, the underlying geometry is generally that of a 

core strand surrounded by one or several wire layers. 

Wires or helically wound fibers have many important engineering applications. Steel 

cab les which have helical shapes are used in suspension bridges. These cables might be 1 

m in diameter. This, of course, is made by more than just one cable. There are thousands 

of sm aller helical strands that are combined together to make such a large cable. All 

transmission lines and power lines are also helical strands. They are basically aluminum 

strands twisted around a steel center wire. Wire strands are used as btaces for teeth as 

well. Wire rope has applications in superconductivity. It can also be used to strengthen 

the rubber tires. In biology, DNA has a helical shape and the microstructure of a bone is 

made ofhelices. A li st of a helical strand's applications may be endless. 
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1.2 Literature Review 

Helically wound fibers or Wlres constitute a wide class of important engmeenng 

components. It is well known that a major advantage of such elements is their capacity to 

support large axialloads with comparatively small bending or torsional stiffness. Sorne of 

the applications often require a quantitative evaluation of the relevant mechanical 

parameters. Two important fields of application are cab les and overhead electrical 

conductors. 

During the last decades, each field has developed a specific body of knowledge, based on 

the previous work and extensive testing experience, leading to empirical mIes for 

particular practical applications. However, unifying these mIes under sorne general 

physical and mechanical theory should allow a better understanding and prediction of the 

mechanical responses of these elements, thus reducing the need for expensive tests under 

varying parameters and operating conditions. 

A review of helical strand models was published 26 years ago by Costello (1978). As 

indicated by its title, this review was oriented toward wire rope applications. However, 

most of the 30 references in the review were of a general nature. A few years later, 

another review on wire ropes was published by Utting and Jones (1984). Among its 77 

references, a large proportion were also of general mechanical interest (both analytical 

and experimental). This review has then been updated by Utting (1995), with 110 new 

references. In the overhead electrical conductor field, the only general reference on 

mechanical behavior is EPRI's Transmission Line Reference Book (1979), whose 

contents are mostly oriented towards bending vibration phenomena. In these studies, the 

conductor is simply treated as a taut string having sorne bending stiffness and damping 

coefficients, which have to be found experimentally. 

The objective of the present reVlew IS to concentrate on available strand models, 

irrespective of their field of application. Thus, the system is called a helical strand, 

independently of any applied connotation. A tentative classification of these models 
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based on the types of hypotheses employed is proposed. Emphasis is placed on the basic 

problem ofthe behavior of strands under small deformations. 

1.2.1 Problem definition and terminology 

The basic strand geometry is shown in Fig.l.l. In general, it consists of a core, radius RI' 

surrounded by n layers of round section wires. In layer (i), mi wires (radius Ri) are 

wound helically. The helix angle is ai and the lay angle Pi = 90° - ai' Wire centerlines 

are helices on a cylinder of radius 1j. The material properties are represented by the 

elastic constants (Ei , Vi)' In sorne cases, a friction coefficient f.1 is also introduced. In 

fact, many publications deal with a one layer strand, consisting of six wires in the layer 

and a single wire for the core. This will be called a 1/6 strand. Often, aIl seven wires are 

identical, as regards both diameter and materiaL 

Fig. 1.1 Strand basic geometry and wire internaI forces and moments 

A strand may be loaded axially with a tensile force F., and a twisting moment Cs' While 

under tension, it may also be subjected to a bending moment Ms' In sorne cases, a 
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uniform lateral pressure exerted on the outer layer may also be considered. The 

corresponding strand strains are: axial strain ê s ' torsion per unit length 8s ' and curvature 

k = _1_. It is often easier to work with imposed generalized strains (which may inc1ude 
s Ps 

curvature and twist) and to calculate the corresponding loads. 

1.2.2 Strands under axial loads 

Under pure axial loading, an axial force F: and twisting moment Cs are imposed on the 

strand. In such cases, all the wires in a given layer are assumed to carry exactly the same 

loads. Global strand strains are designated by ê s and 8s • 

1.2.2.1 Purely tensile or fiber models 

The simplest model is due to Hruska (1951, 1952, 1953). It is based on six simple 

hypotheses: 

a) No end condition effects (i.e., unbounded strand length); however, zero end rotation 

is assumed. 

b) The contact mode is purely radial. 

c) Radial contraction is neglected. 

d) Wires are assumed to be subjected to pure tensile forces (no moments). 

e) Friction can be neglected, 

f) The global strand strain is small. 

With these hypotheses, Hruska obtained: wire stress, interlayer pressure and unwinding 

torque. He also extended his model to multi-strand wire ropes. 

Hruska's equations have also been extended by Knapp (1979), to inc1ude the case of a 

compressible core, and possible large strand strain, and by Lanteigne (1985) (as part of a 

paper on strand bending). 
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1.2.2.2 Helical rod models 

Wire bending and twisting can be added to the model. This was done by Machida and 

Durelli (1973) and Knapp (1979). However, a more rigorous derivation was presented by 

Philips and Costello (1974), based on Love's equation for the equilibrium ofa curved rod 

(Love, 1944). In the first stage, lateral contact force has to be calculated. This requires 

helical contact line localization, carried out by assuming that the wire cross-section in 

strand normal section are ellipses (Costello and Phillips, 1974), which implies smalllay 

angles (P(30o). Large variations of the helix angle are acceptable and smooth contact is 

again assumed. Wire strain is neglected and strand strain arises only from helix angle 

variations. This last hypothesis is removed in Costello and Phillips (1976). The previous 

paper shows normalized F. vs ê s curves involving up to 10% strain for 1/3 (one core 

wire and one 3 wire layer) and 1/6 strands, with no end-rotation or end-moment. The 

curves are slightly nonlinear for practical strain levels. 

Using the same approach, Costello (1983) subsequently studied a 1/6 strand with radial 

wire contact. The equations were linearized by Velinsky (1984), still considering radial 

contraction (Poisson's ratio only). These equations can also be found in Costello's 

monograph (1990). Kumar and Cochran (1987) also proposed a linearized version of 

Costello's equations, including radial contraction. Recently, Jiang (1995) has proposed a 

general formulation of this theory, including aIl these aspects, and extended it to more 

complex situations, such as multi-strand ropes. This paper has been discussed by 

Jolicoeur (1996) and by Sathikh, Jayakumar (1996). 

Contact pressure conditions were evaluated by Philips (1980) in a 1/6/12 strand, with the 

outer layer in radial contact with the inner layer, and the wires in the latter layer in lateral 

contact, i.e, no contact with the core. Line contact is assumed between both layers. The 

contact force per unit length is then transformed into point loads on the outer layer. As 
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expected, it is found that these forces are slightly smaHer than those ca1culated using 

Hruska's model (1952). 

Using the same rod equilibrium and constitutive equations, Huang (1978) studied the 

contact mode conditions (mixed, radial or lateral) for a 1/6 strand. Local contact 

deformation is neglected whilst the Poisson's ratio effect is inc1uded. InitialIy, mixed 

contact (in the unloaded state) is assumed. It is assumed that, under axialload, slippage 

exists between adjacent wires (with friction), with no friction between the wire and the 

core. It is found that lateral contact is lost in aH the end conditions (free or blocked 

rotation). Thus, under these conditions, radial contact seems to be the prevailing case, 

even when no initial gap exists between wires in the layer. The analysis is valid for finite 

strand extension, but assumes smalIlay angle. Utting and Jones (1987) have extended 

Costello analysis to inc1ude wire flattening (contact deformation) and friction effects. 

AlI the previous papers, based on the curved rod the ory, use the following constitutive 

beam equations: 

G' = EI~.K' 

H = GJl1r 

with CostelIo's notation (Fig 1. 1): 

G' : local bending moment on wire section about the binormal direction 

H : local twisting moment about the wire centerline tangential direction 

El: wire bending stiffness 

GJ: wire twisting stiffuess 

(1.1 ) 

(1.2) 

I1K': variation in the centerline curvature between the deformed and undeformed helices 

11 r : variation of centerline torsion 

Ramsey (1988) notes that a more rigorous analysis is required, particularly for wire twist. 

For example, one cannot deduce the straight bar torsion formula from eqs. (1.1) and (1.2). 
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Using a more general and accurate theory, he derived new constitutive equations. In the 

axialloading case, and after sorne linearization, they reduce to: 

G' = EI{!!lx' + K~ê) (1.3) 

(1.4) 

where K~ , 1"0 are the undeformed helix curvature and torsion, respectively, ê is the axial 

strain on the wire, and A. r must be considered as the variation of a twist of a wire, not just 

of the centerline tortuosity (Love, 1944). G' and H are interpreted as the moment 

components in directions close to the current centerline binormal and tangential 

directions. In a subsequent paper, Ramsey (1990) extended his analysis further, leading to 

a non-zero distributed moment component in the radial direction, thus revising his own 

earlier assumption (Ramsey, 1988). Clamped end stress and strain conditions have also 

been studied by Ramsey (1991). Numerical applications to the Bersimis electrical 

conductor, a conductor also used by Lanteigne (1985), have been carried out. The results 

show a small stress increase, compared with the free-field values. 

1.2.2.3 Comparative evaluation of strand models 

The complexity of the strand model increases with the inclusion of various secondary 

aspects. The performance of the various published models has generally been assessed 

either in relation: a) to one another, or b) to experimental results. The principle behind the 

evaluation is, in general, to compare global strand response to axialloading under various 

end conditions. A typical helical strand property is the coupling which appears between 

the extension and torsion responses. In the linear case, the global strand stiffness and 

coupling effect can be conveniently expressed by the matrix equation: 

(1.5) 
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The axial stiffness constant KIl is sometimes represented by (AE), the stiffness of an 

equivalent solid bar of section A and Young' s modulus E. Similarly, the torsion stiffness 

constant K 22 may be expressed as (GJ). 

Durelli and Machida (1973) studied the response of 1/6 epoxy oversized models under 

axialloading (axial force and torque) and compared the experimental results with their 

theoretical predictions. The correlation is very good for the global strand response 

(cs ,8Junder axial force F:, but less satisfactory when torque Cs is applied. Strain gage 

measurements on individual wires show a great deal of scatter, which indicates how 

difficult it is to equalize the loads to each of wires. 

McConell and Zemke (1982) carried out an experimental program on a number of 

standard bi-metallic (steel and aluminum) overhead electrical conductors. They compared 

their results with a slightly modified version of Hruska's fiber model: their torsional 

stiffness K22 includes the tensile (AE) and torsion stiffnesses of the wire (GJ). Except 

for the initial nonlinear behavior, they found that this simple model is quite accurate. 

Utting and Jones (1985,1987) tested 1/6 steel strands. They compared their results with 

the Machida and Durelli (1973) model and, also, with their improved version of Costello 

model. Axial stiffness KIl correlates very well. They also obtained good free end or 

partial restraint equivalent stiffness results. 

Typical fiber and rod models have been compared by Jolicoeur and Cardou (1991). For 

each model, stiffness matrix coefficients were calculated for three cab les and two 

conductors. Comparisons were made with the experimental results of Knapp (1979) and 

Utting and Jones (1987). The general effect of wire bending and twisting is to bring a 

very slight decrease (of the order of 1 %) in axial stiffness Kll but a marked increase in 

torsional stiffness K 22 • As mentioned by Sarnras (1974), linearized models should satisfy 

the Maxwell-Betti reciprocity theorem. Thus, the stiffness matrix eq. (1.5) should be 
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symmetric. Jolicoeur and Cardou (1991) showed that fiber models do satisfy this 

condition, while rod models deviate by a few percent. 

1.2.3 Strand ben ding mechanical models 

Strand bending is generally studied by assuming a strand centerline radius of curvature 

Ps and ca1culating the corresponding bending moment Ms' Then, the strand bending 

stiffness Bs (in fact, a secant modulus, also expressed by (Elt) is defined as Ms'Ps' 

1.2.3.1 Purely tensile or fiber models 

Such a model has been proposed by Lutchansky (1969). It is assumed that wire diameter 

is very small compared to the helix radius. No distinction is made between wire 

centerline and contact helix radius. Contact is purely radial and there is no interaction 

between wires in the same layer. The core on which a wire is wrapped is merely a 

geometrically defined cylinder. This cylinder is then transformed into a torus, with 

centerline radius p. It is assumed that a given wire sticks to a curve drawn on the torus 

surface which is a mathematical extension of the helix. It is determined by assuming a 

tangential elastic constant k between wire and core. The constant K has to be obtained 

experimentally, for example, by performing constant radius bending on the strand and 

measuring the bending stiffness Bs' Raoof and Hobbs (1984) have proposed an analytical 

determination of K based on Deresiewicz's (1957) contact mechanics equations. The 

resulting values of K are much larger than those used by Lutchansky. The same approach 

has been developed in detail by Raoof (1990). With lateral contact neglected, the method 

was used to evaluate core-wire microslip in the region ofthe clamp. 

1.2.3.2 Curved rod models 

In practical cable or conductor bending stress ca1culations, the independent wire behavior 

hypothesis is often made, to which one adds the smalllay angle hypothesis, that is to say, 
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the wires are considered as independent, paraUel, straight rods (Drucker and Tachau 

1945; EPRI, 1979). This is Reuleaus's formula for a cable bent over a sheave. A more 

accurate evaluation should take into account helix angle and wire interactions. This was 

done by Carsarphen (1931), considering the wires as independent helical springs (as in 

Timoshenko, 1956). 

Costello and Butson (1982) proposed a model in which Wlres were considered as 

independent curved rods, with no contact restraint. Lanteigne (1985) proposed a model in 

which the bending moment contribution cornes mostly from the fiber effect (1;) 

calculated using the Bernoulli-Euler hypothesis, and also from independent wire bending. 

Similar wire bending equations were used by Papailiou (1996), except that the slip 

criterion is based on the 1; variation along a given wire and partial slip can be considered. 

Partial slip due to bending was also studied by Vinogradov and Atatekin (1986) under the 

assumption that a strand of finite length is c1amped at one end and is loaded by a 

transverse force at the free end. The resulting twisting moment on each wire section is 

thus periodic and induces wire torsion which is used to evaluate energy dissipation. This 

model is discussed by Sathikh and Parthasarathy (1988). Partial slip under constant radius 

bending has been investigated along the same lines by Huang and Vinogradov (1994). 

In the preceding models, it is assumed that contact conditions between the wire and the 

layer underneath are either stick or slip (full or partial). Another contact mode was 

analyzed by Goudreau (1990): a wire may roll on the core, with or without slipping, 

when constant curvature bending is imposed on the core. 
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1.3 Motivations 

As mentioned in the first chapter (literature review), many studies of helical strands have 

been carried out. However, there are still sorne more complex situations for which no 

previous work has been reported in any journal or book. A spectral finite element (SFE) 

of a helix is one of these complex situations. Doyle (1997) has derived SFE of a rod in 

pure axialloading, and this carries over by analogy to pure torsionalloading. However, 

the SFE of a helix and its dynamic stiffness matrix are still open questions that will be 

discussed in the second chapter of this thesis. 

Based on previous studies of wire rope (Milburn and Rendler 1972), the constitutive 

equations relating the rope tension and torque to the rope deformations are postulated as 

where Cl' C2 , C3 , C4 are constitutive constants dependent on both the rope material and 

construction. Finding explicit forms of these constants and their parametric studies, 

which show how they depend on the material and geometry, is the subject of the third 

chapter. 

Most of the research that has been done for a helical strand is purely elastic and only a 

limited amount of experimental inelastic research has been reported. In the last chapter 

the viscoelastic response of a strand is derived theoretically and the respective explicit 

differential equations are expressed completely. To achieve this goal, the explicit forms 

of the derived constants from chapter three, as well as the correspondence principle of 

viscoelasticity, are used. 
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2 SPECTRAL FINI TE ELEMENT OF AN ELASTIC HELIX 

Detennination of a spectral (i.e. frequency dependent) finite element of a helix is the focus 

of this chapter. The helix is treated as straight, linear elastic element, exhibiting coupling 

of axial with torsional responses. We derive explicit fonns of aH the coefficients of the 

stiffness matrix and plot their dependencies on the frequency and the parameter describing 

the said coupling. In general, the growth of that parameter leads to a progressively denser 

occurrence ofthe resonances ofboth axial and torsional motions. 

2.1 Introduction 

To a mechanician, a helix is a structural element coupling axial and torsional responses. 

This comes about through some kind of a helically wound microstructure, such as in the 

very weIl known wire ropes, Fig. 2.1. The book by Costello [4] discusses the latter 

subject extensively, albeit in the static setting. The said coupling is expressed by two 

constitutive equations 

(2.1 a) 

(2.lb) 

h F . '1 fi dM' h'l du. . 1 . d fJ dB. w ere IS tensl e orce an IS torque, w 1 e ê = - IS aXIa stram an = - IS 
dz dz 

angle of twist per unit length. The parameter z is the measure of length parallel to the axis 

of a helix. Furthennore, Al' A2 ,A3' A4 'are constitutive constants dependent on both the 

rope material and construction. These constants are necessarily positive, and also these 

relations hold 

(2.2) 
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(2.3) 

Notably, there are various other examples of helices in engineering and in nature, but 

they are aU characterized by the same equation system as eqs. (2.1). 

The equations of motion of a helix, referred to the unstressed rope length, and in the 

absence of body forces, become 

(2.4a) 

(2.4b) 

Here m and J are, respectively, mass and mass moment of inertia per unit unstressed 

length. Substituting eqs. (2.1) into (2.4), the equations goveming coupled extensional­

torsional oscillations of wire rope become 

(2.5a) 

(2.5b) 

Fig. 2.1 
A wire rope structure (left) shows the coupling of axial and torsional responses, typical of a helix. 
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2.2 Spectral Stiffness Matrix 

Let us now consider harmonie motions according to: 

u(z,t) =û (z,m)eil1X (2.6a) 

B(z,t) =ê(z, OJ)e il1X (2.6b) 

where OJ is the frequency, and the hat stands for a quantity in the frequency space. Now, 

of interest is the derivation of a spectral stiffuess matrix expressing a connection between 

the kinematic and dynamic quantities at both ends of a helical element: 

FI 
kll klz k13 kl4 ui 

k 21 k 22 k 23 k 24 
~ 

F 2 
u2 (2.7) = êl 

~ 

k 31 k 32 k33 k34 
MI 

M z 
k 41 k 42 k43 k44 ê2 

Here subscripts 1 and 2 of F and M denote the left and right ends of the rope, 

respectively. 

The derivation of the spectral stiffness matrix follows these steps. First, substituting eqs. 

(2.6) into eqs. (2.5) one obtains: 

(2.8a) 

(2.8b) 
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To solve eqs. (2.8) we consider: 

û(z,OJ) = ueikz (2.9a) 

8(z,OJ) = 8eikz (2.9b) 

Here, u and 8 are constant wave amplitudes, and k is the wave number. Introducing eqs. 

(2.9) into eqs. (2.8) yields the two homogeneous equations 

(2.10a) 

(2.lOb) 

For a nontrivial solution of eqs. (2.10) to exist, the determinant of the coefficients must 

vanish. This requirement gives the dispersive relation for eqs (2.10) as 

(2.11) 

and solution for k 2 becomes 

(2.12) 

Since, from equation (2.3), A,A4 - A2A3 > 0, the square root of the discriminant in 

equation (2.12) is less than A,J + A4m. The choice of either sign in the braces then gives 

a positive value for e which correspond to propagating wave solutions with 
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(2. 13 a) 

or 

(2.13b) 

The wave speeds CI and c2 are given by 

(2.13c) 

while the ratios RI and R2 of torsional to extensional oscillations are obtained from 

equation (2.lOa) as 

(2.13d) 

By substituting eqs (2.13a) through (2.14b) into eqs. (2.9), the solution for extensional­

torsional oscillations of wire rope becomes 

.aI .aI .aI .aI 
l-Z -l-Z I-Z -l-Z 

û(z,OJ) = Ule CI + U
2
e CI + U

3
e CI + U

4
e CI (2. 14a) 

(2. 14b) 
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where VI through V4 are arbitrary constants. By taking 

k
_ OJ 

2-­
C2 

(2.15a) 

(2.15b) 

and using the fact that the solution of a differential equation which is in the form of a 

linear combination of exponential functions can be written as a linear combination of 

trigonometric functions, we can write eqs. (2.14) as 

B(z,OJ) = RI[Vj sin(klz) + V 2 sin(kj(L - z))]+ R2 [V3 sin(k2z) + V 4 sin(k2(L - z))] (2. 16b) 

Thus, in effect, there are two waves: a predominantly extensional wave traveling at a 

speed CI' and a predominantly torsional wave traveling at a speed c2 • Next, by taking 

the boundary conditions as 

u(O) = ûl (2.17a) 

u(L) = û2 (2. 17b) 

(2.17c) 

(2.17d) 

and substituting eqs.(2.17) into eqs. (2.16) we find 
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0 sin(kIL) 0 sin(k2L) UI 
~ 

UI 

sin(kIL) 0 sin(k2L) 0 U2 
~ 

- u2 (2.18) -
8, 0 R, sin(k,L) 0 R2 sin(k2L) U3 
~ 

R) sin(k)L) 0 R2 sin(k2L) 0 U4 82 

with the constants in terms of nodal deformations being 

UI (û 2R2 -82)csc(kl l) 

U2 1 (û1R2 - 81 ) csc(k) 1) 
(2.19) 

U3 (R2 -RI) -(û2RI -82)csc(k21) 

U4 - (û) RI - 81) csc( kzl) 

N ow we differentiate eqs. (2.16) with respect to z to get 

(2.20a) 

(2.20b) 

using eqs. (2.1), F and M can be written as dynamic quantities as 

(2.21a) 

(2.21b) 

The periodic boundary conditions for the dynamic quantities are set as 
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ft; = -fr(o) (2.22a) 

(2.22b) 

(2.22c) 

(2.22d) 

Using eqs. (2.20) and (2.2Ia) ft will be 

ft ~ A{ U,k, cos(k,z) -U2k, cos(k, (L - z))+ U,k, cos(k,z) -U4k, cos(k,(L - Z))] 

+ A{R' (U,k, cos(k,z) -U,k, cos(k,(L - z) ))+ R2 (U,k, cos(k,z)-U4k, cos(k,(L- z) ))] 

(2.23) 

By putting z=O in eq. (2.23) the first B.C. is satisfied and ft; will be (note that VI through 

V 4 are replaced by eqs. (2.19)) 

To simplify the notations consider 
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(2.25) 

(2.26) 

Rearranging eq. (2.25) 

+ {k, E, cot(k,L) - k,E, cot(k,L)]ô, + {- k,E, csc(k,L) + k,E, csc(k,L) ]ô,l 

(2.27) 

The other boundary condition for F is at z=L as 

By using eqs. (2.19), eq. (2.28) can be written 

(2.29) 
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or 

+ {-- k, E, ese( k, L) + k,E, ese( k, L)]ô, + {k, E, col{ k,L) - k,E, eot( k,L)]ô, ] 

(2.30) 

So far, the boundary conditions are satisfied for ft. In order to satisfy them for M, let us 

look at the constitutive equations again but this time in frequency space 

(2.31a) 

(2.31b) 

Since f and jJ are equal in both eqs. (2.31a) and (2.31 b), it seems that if we replace AI 

and Az and ft in eqs. (2.27) and (2.30) by A3 and A4 and M, respective1y, all the 

boundary conditions for Mare automatically satisfied. Therefore, using the following 

transformations 

~ {AI + AzRI = El ::::? A3 + A4RJ = E3 

AI + A2R2 = E 2 ::::? A3 + A4Rz = E4 

One can easily find MI and Mz as follows 

21 

(2.32) 



+ {k, R, E, csc( k, L) - k2R, E, csc( k,L)]ô, + {- k,E, csc( k, L) + k,E, csc( k2L)]ô, ] 

(2.33) 

+ {- k,E, csc( k,L) + k,E, cse( k,L)]ô, + {k, E, col( k, L) - k, E, col( k2L)]ô, ] 

(2.34) 

By putting eqs. (2.27) ,(2.30), (2.33), (2.34) in a matrix form, we determine the four-by­

four spectral stiffness matrix of (2.7) as follows: 

k)RZE) cot(k)L)-kZR)EZ cot(kzL) 

-k)RZE) csc(k)L) + kZR)EZ csc(kzL) 

k)RZE3 cot(k)L)-kZR)E4 cot(kzL) 

- k)RZE3 csc(k)L) + kZR)E4 csc(kzL) 

-k)E) cot(k)L)+k2E2 cot(k2L) 

k)E) csc(k)L)-k2E2 csc(k2L) 

-k)RZE3 csc(k)L) + kZR)E4 csc(kzL) 

k)RZE) cot(k)L)-kZR)EZ cot(kzL) 

-k)RZE3 csc(k)L) + kZR)E4 csc(k2L) 

k)R2E3 cot(k)L)-k2R)E4 cot(k2L) 

k)E) csc(k)L) - k2E2 csc(k2L) 

-k)E) cot(k)L) + k2E2 cot(k2L) 

-k)E3 cot(k1L) + k2E4 cot(k2L) -k1R2E3 csc(k)L) + k2R)E4 csc(k2L) 

kj E3 csc(k1L)-k2E4 csc(k2L) -k1E3 cot(k1L) + k2E4 cot(k2L) 

(2.35) 
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Symmetry of the stiffness matrix requires that, for example k41 = k14 , and so, by 

comparing these components, we note that 

(2.36a) 

(2.36b) 

One can easily verify that eqs. (2.19) holds for arbitrary values of AI through A4' 

Results 

• With the above formulas, in Fig. 2.2 we now plot aU four coefficients kil' k12 , 

k13 , k l4 in function of the helical coupling parameter A2 = AJ at one frequency: 

OJ = 40 Khz. Note that these coefficients coyer aU the distinct dependencies of the 

spectral stiffness matrix on OJ. The progressively denser location of 'hills' and 

'vaUeys' with the coupling increasing - indicative of the occurrence of resonance 

- is evident here. To display the entire dependence of kil through kl4 on A2 = AJ 

and OJ, we next plot Figs. 2.3, 2.4, 2.5, and 2.6. We observe here the wavy­

surface, albeit somewhat irregular, character of aU these plots, and the tendency to 

always (i.e. for any OJ) 'densify' the resonances of both axial and torsional 

motions as the coupling increases. 

• Taking A2 = AJ = 0 (absence of the coupling effect) and partitioning the four-by-

four spectral stiffness matrix into four two-by-two sub-matrices as 

K= 
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we see that the tirst and second sub-matrices on the diagonal represent the 

spectral stiffness matrices of a straight bar under a pure axial and torsionalload, 

respectively, with the two off-diagonal sub-matrices being zero identically. By 

increasing A2 from zero up, the two sub-matrices on the diagonal get moditied 

and the two off-diagonal sub-matrices (equal to each other due to the already 

mentioned symmetry) come into existence. 

Results ofthis chapter are published in (Shahsavari and Ostoja-Starzewski, 2004) 

F=40 Khz F=40 Khz 
1ifr---~--~--~----~--, 

102 
10

2 

..... N ..... ..... 
~ ~ 

10° 10° . 

10'2 L-_--J-_----'-__ -'--_-'-_----' 

o 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 
A2 A2 

F=40 Khz F=40 Khz 
104 r---~--~--~----~---

10,4 L-_-'-_----'-__ -'--_-'-_---' 

o 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 
A2 A2 

Fig. 2.2 
Dependence of spectral stiffnesses kIl' kJ2 , kJ3 , and kl4 on the axial-torsional coupling. 
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Fig. 2.3 
Dependence of the spectral stiffness kil on frequency and axial-torsional coupling. 
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Fig. 2.4 
Dependence of the spectral stiffness k12 on frequency and axial-torsional coupling. 
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Fig. 2.5 
Dependence of the spectral stiffness k13 on frequency and axial-torsional coupling. 
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Fig. 2.6 
Dependence of the spectral stiffness kl4 on frequency and axial-torsional coupling. 
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3 CONSTITUTIVE COEFFICIENTS OF AN ELASTIC 

HELIX 

An exact analytical determination of the mechanical behavior of a helical elastic bundle 

is very difficult if not impossible. Various approximations and assumptions have been 

made to make an analytical solution more tractable. Note that in this chapter we refer to 

the helix as a bundle consisting of a center strand and m outer helically wound strands. 

3.1 Explicit forms of the constitutive helix coefficients 

We work under the following assumptions (Fig. 3.1): 

1) The bundle is composed of m strands, uniformly spaced along the perimeter of a circle 

of radius r2 = RI + R2 thus forming a ring in a plane perpendicular to the fiber axis 

without touching each other. 

2) Each strand's equilibrium configuration is a helix of constant radius r2 = RI + R2 and 

constant helix angle a 2 (the subscript 2 refers to the deformed configuration). 

3) Strands are linear elastic (with a given axial modulus, E, and Poisson's ratio) and 

undergo very small strains. 

4) Friction and contact deformations are neglected. 

The axial strain of a straight fiber is defined as 

h-h 
ê=--

h 
(3.1) 

where h and h are the original and final lengths of the strand, respectively, Fig. 3.1. 

The rotational strain of the strand is defined as 
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1J-o /32 =r2-­
h 

Section A-A 

Fig. 3.1. Loaded simple strand (after Costello, 1997). 

(3.2) 

where 0 and O2 are the initial and final angles that a strand sweeps out in a plane 

perpendicular to the strand's axis, respectively. Finally, the angle of twist per unit length 

of the strand is defined as (note /32 = r2T 2 ) 

1J-o 
T2 =--

h 
(3.3) 

The constitutive equations of a helix can be written as 

28 



(3.4a,b) 

where 

(3.5a,b) 

(3.6) 

and F; and MI are the contributions of the center strand and F2 and M 2 are the 

contributions of the outer strands. Note that eqs. (3.4a,b) are the same constitutive 

equations as in chapter two (eqs.(2.1a,b)) except that here F and Mare divided by sorne 

constants for convenience, and that is why we changed aIl A -coefficients to C­

coefficients. 

The following formulas can be derived from the equilibrium equations (Costello 1990) 

F: 
_1_=7rê 
ER 2 1 

1 

(3.7a,b) 

(3.8a,b) 
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where N; is the components of the shearing force on a strand cross section; T; is the 

axial tension in the strand; G~ is the component of the bending moment on a strand cross 

section; H is the twisting moment in the strand and their subscript 2 refers to the outer 

strands and the prime symbol means perpendicular to the axis of the strand. 

In order to find C coefficients, first assume f3 = R 'is = 0 and ê = ê) and substituting eq. 

(3.7) and (3.8) into (3.4) one may obtain: 

(3.9a,b) 

therefore 

(3.10) 

(3.11) 

With analysis of the configuration of an outer strand, one can find the following formulas 

for an outer strand (Costello 1990) 

(3. 12a,b) 

where ê) is the axial strain in the center strand (ê = ê)) and ê2 is the axial strain in an 

outer strand. AIso, the following can be written down for an outer strand (Costello 1990): 
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(3.13) 

(3.14) 

(3.15) 

(3.16) 

(3.17) 

(3.18) 

where k; is the curvature of the outer strand and 'r2 is the twist per unit length of the 

outer strand. Thus, using eq. (3.15), C3 can be rearranged as 

(3.19) 

Considering the assumption fJ = R'rs = 0 (=> 'rs = 0) and C = CI' eq. (3.12) becomes 

~a2 
CI=C2+-~ 

tana2 

(3.20a,b) 

Eq. (3.20a) and (3.20b) are two equations for the two unknowns ~a2 and c2 • Using 

~a2 = (CI -cJtana2 from eq. (3.20a), eq. (3.20b) becomes 
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(3.21) 

or 

(3.22) 

(3.23) 

( 
r. (l+v) J = 2 ê tana 2 1 2 

r2 + r2 tan a 2 + vR2 

Now using eq. (3.22) and eq. (3.23), eqs. (3.17) and (3.18) become 

(3.24) 
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(3.25) 

By using eqs. (3.13) through (3.16) and eqs. (3.24) and (3.25), Cl and C3 can be easily found as 

follows: 

(3.26) 

(3.27) 
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where A = 1iR} + mJrR; in eq. (3.26). 

In order to find C 2 and C4 , assume & = 0 and P = P2 = r2 rs . With this eqs (12a,b) become 

/).a 
0=&2 + 2 

tana2 

(3.28) 

(3.29) 

(3.30) 

Using similar procedures as before, one can easily find the following 

P2r2 tana2 &2 = -----=----=---==----=---
r2 + r2 tan 2 a 2 + vR2 

(3.31) 

(3.32) 

(3.33) 

(3.34) 

(3.35) 

where P = Rrs = (RI + 2RJrs 
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1 (7r 3 RJ m [ . 3 , (. 2 ) ]~ =--3 ( )ER J -+--H 2 sm a 2 +G 2 cosa2 1+sm a 2 +T2 r2 cosa2 
ER 4 1 + v R R 'r s 

(3.38) 

m 
C 2 =---

AER 'rs 

vR; fJ 2 sin 2 a 2 ) cos 3 a 2 _ ~ ER 3 ( 2 sin a 2 cos a 2 (fJ 2 R 2 tan 2 a 2 ) 

+r2(T2+r2tan2a2+vR2) r2 4
2 

r2+r2tan2a2+vR2 

R 2fJ 2) . 2 V 2 2 tan a 2 cos a 2 sm a 2 cos a 2 

r2 (T2 + r2 tan 2 a 2 + vR 2 ) r2 

(3.39) 

(3.40) 

Upon substituting /32 = r2 'is in the above formulas and factoring out cornrnon terms, one can 
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) R; (1-2sin2as )sinas coi as 
(r. tad as - ~ sinCl2 + 4 

2 ~ 

11 R; sinCl2 COS
4 Cl2 (~ + r2 tan

2 Cl2) 
4{1+v)r; 

(3.41) 

(3.42) 

(3.43) 

( ) 2( . 2 ). 3 R; sin 3 a2 tan 2 a2 2 sin 2 a2 - 1 + R2 1 + sm a2 sm a2 

4(1+ v) 2 
1CR4 r21CmR; 

C, = 4(R, + 2R> (1 + v) + (R, + 2R,)' (r, ." tan' a, + .... ,) .... ; ,;n' a, + .... ; ,;n a, (1 H;n' a, )00" a, ",' ,;n a, 

4(1 + vh 4r2 

(3.44) 
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Note that eqs. (3.41) through (3.44) are in very general forms. By putting m=2 and 

neglecting the first terms in Cl and C4 (which are the contributions of the core strand), 

one may obtain the constitutive coefficients of a double helix, like the DNA which 

consists of two helically wound strands. 
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3.2 Parametric studies of the constitutive helix coefficients 

In this section we quantitatively assess the dependence of the helix' constitutive 

coefficients eqs (3.41-3.44) on its geometric and material properties. In what follows, one 

parameter will he chosen to vary at a time with aIl the other parameters heing kept 

constant. Values of parameters are the same as in the example 3.1 in Costello (1997), that 

is: (for figures 3.3 to 3.5 Poisson's ratio v = 0.25) 

RI = 0.103 III (or 0.26 cm) 

R2 = 0.101 in (or 0.25 cm) 

m=6 

a = 82.5106° 

0.95.---------~---------,-----------, 

0.94 

"""--
0.93 

0.92 

0.89 

0.88 

0.87 

0.86L--------....l.---------
O
-'-----------' 

-1 -0.5 0.5 
v 

. 32 C3 .. FIg. . . Dependence of - on POIsson 's ratIo v. 
C2 
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First, the dependence of %2 on different parameters is derived. Note that to compare 

C2 and C3 , they have been multiplied by lr(RJ2 + mR;) and (R] + 2R2)2 , respectively. (See 

Appendix A). 

Due to the reciprocity theorem of Maxwell-Betti, C2 and C3 are supposed to be ideally 

equal. But, as it tums out from Fig 3.2, because of the aforementioned assumptions (page 

27), theyare not exactly equal. However, for a certain range ofthe Poisson ratio, between 

-0.75 to 0.5, the ratio of CYc2 is 0.93 or higher, indicating a maximum error of 7%. 

1,-----~------~----~------~----~------~----~ 

0.8 

0.6 

0.4 

0.2 

-0.2 

-0.4 

-0.6 

-0.8 

_1~-----L------L-----~------~----~------~----~ 
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 

a 

C 
Fig. 3.3. Dependence of _3 on helix angle a (in radians). 

C2 
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Fig. 3.3 shows that when a is less than a certain value (about 0.4 radian) C3 is less 

than C2 , and it is larger elsewhere. Aiso when a approaches 7l (no helical effect), C2 2 

and C3 are getting doser (in fact, they are both approaching zero). 

0.96,----,---,----,---,----,---,----,---,---..,-----, 

0.94 

0.92 

0.9 

0.86 

0.84 

0.82 

D.8V' 

/// 
// 

.// 

----~ /...--
,~ 

// 

.---------

0.78 '-----'----'-----'----'-----'----'-----'----'-----'----' 
o 0.1 0.2 0.3 0.7 

Fig. 3.4 Dependence of C3 on RI' 
C2 

0.8 0.9 

Looking at Fig. 3.4, by increasing RI (note that RI is divided by a constant valueR2 to 

make it dimensionless), the center strand becomes more dominant than the outer strands, 

and therefore the bundle is more like a straight bar than a helix. This is why the ratio of 

CYc2 approaches to unity. In the case of Fig 3.5, by increasing R2 (the radius of the 
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outer strands), C/c2 diverges from unit y since this time the effect of the outer strands, or 

in other words the effect of the helix, is more dominant than that of the center strand. 

0.99 

0.98 

C IC 0.97 
3 2 

0.96 

0.95 

0.94~---L----~--~----~----L----L----~--~----J---~ 
o 0.1 0.2 0.3 0.7 

Fig. 3.5. Dependence of C3 on R2 • 

C2 

0.8 0.9 

Figure 3.6. shows the dependence ofall helix coefficients on the helix angle a , which is 

in terms of radian. Note that when a approaches ~ , the following can be observed: 

1) The bundle is a bundle of straight rods and the coupling coefficients C2 and C3 are 

zero. 
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Fig. 3.6. Dependence of constitutive helix coefficients on the helix angle a. 

2) Cl approaches its maximum value since aIl the strands become straight (no reduction 

in the axialload carrying capacity). 

3) C4 approaches the value proportional to shear modulus, G. However, its maximum 

occurs at an angle a about 0.6 or 0.7 radian. This is because it is much easier to rotate a 

system of paraIlel strands than that of helically wound strands or, in other words, the 

torsional stiffnesses of curved beams are greater than those of straight beams. 

4) The maximum effect of the coupling coefficients C2 and C3 occurs when a is around 

1 radian (or a = 5T). This means that the greatest reduction in the axial capacity of the 

helical· bundle occurs at this angle. Note that the helix angles, which maximize the helix 

coefficients, are identical for different constant parameters 
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The following graphs show further interesting results. 
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Fig. 3.7. Dependence of constitutive helix coefficients on RI' 

In Fig. 3.7 aIl the helix coefficients increase as the radius of the center strand increases. 

This makes sense since each of the coefficients can be considered as indicating stiffness, 

and by enlarging the radius of the center strand the area has been increased and therefore 

the bundle becomes stiffer. Note that the increasing behaviors of CI and C4 are similar, 

and so are the increasing behaviors of Cz and C3 • 

Figure 3.8 shows how the coefficients depend on Poisson's ratio. As it tums out, aIl the 

helix coefficients decrease with increasing Poisson's ratio. In order to explain this, it is 

enough to note that, by increasing Poisson's ratio, the strands become more deformable 

and flexible, and therefore less stiff. 
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Fig. 3.8. Dependence of constitutive helix coefficients on Poisson 's ratio V. 

Results 

• By rnaking certain assurnptions, all the constitutive coefficients of the helix have 

been derived explicitly. 

• The ratio Clc2 is never equal to unit y, though in sorne cases it is very close. 

• C2 and C3 are independent of the center strand and the only contribution of the 

center strand is the first terms in Cl and C 4 • 
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• When a approaches 1[, CI and C4 approach values proportional to E and G 
2 

respectivelyand C2 and C3 approach zero. AIso, the ratio CYc2 approaches unit y 

J[ 
as a approaches -. 

2 

• The maximum value of CI occurs at a = J[ while the maximum values of C 2 and 
2 

C3 occur approximately when a = 1 radian. AIso, the maximum value of 

C4 occurs when a is about 0.6 or 0.7 radians. 

• AH the helix coefficients increase by increasing RI and decrease by increasing v. 
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4 RESPONSE OF VISCOELASTIC HELICES 

4.1 Viscoelastic Models 

In general, the differential equation of any linear viscoelastic model can be written as 

(4.1) 

where a and i: are the first time derivatives of the stress and strain, and more dots 

indicate corresponding higher derivatives. Parameters~,~, ... Qo,Ql' .. are the constants of 

the model depending on the particular elastic moduli and viscosity coefficients. 

Or 

Maxwell model 

Kelvin model 

Zener model 
(3-Parameter model) 

Fig. 4.1. Three viscoelastic models. 
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In Fig. 4.1 three types of common viscoelastic models and their differential equations are 

shown. It is worth mentioning that the Zener model (i.e, 3-Parameter model) is the 

simplest acceptable model ofreal viscoelastic solids (Ziegler, 1983). 

There are two possible ways to study the viscoelastic response of a solid body and to find 

its differential equations: 

1. Direct Method: 

It is based on the superposition of stresses and strains in the springs and dashpots, 

and is a very useful technique for simple problems. 

2. Correspondence Principle in Viscoelasticity: 

A method for complex situations where the elastic solution is known. 

Here, due to the complexity of the helix geometry, the second method has been chosen. 

4.2 Correspondence Princip le in Viscoelasticity 

In general, any stress tensor can be split into two components: 1) the dilatation (spherical) 

stress tensor, 2) the shear (deviatoric) stress tensor. These two stress tensors have been 

used in the derivation of the correspondence principle. Thus in general, an isotropie 

material can be postulated as one viscoelastic model in dilatation and another (different) 

viscoelastic model in shear. 

By taking the Laplace transform of the general differential equation of a viscoelastic 

model (eq. (4.1)) and assuming aIl initial boundary conditions are zero, one may obtain 

(1 + ~s + P2S2 + ... p = (Qo + Qjs + Q2 S2 + ... :r 
~--~--~ ~--~----~ 

(4.2) 
P(s) Q(s) 
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where the bar sign in cr and e refers to the Laplace field. p(s) and Q(s) , which will be 

used in the correspondence princip le, are the coefficients of (j and e, respectively, and 

are polynomial functions of s. 

The most general form of the correspondence principle for an isotropie material is as 

follows: If the solution of an elastic problem is known, the Laplace 

transform of the solution to the corresponding viscoelastic problem may be found by 

replacing the constants E and v according to the equations 

E= 3qQ 
2pQ+qP 

pQ-qP v=-::....;=---::;...-
2pQ+qP 

(4.3a,b) 

by quotients of operator polynomials, and the actualloads by their Laplace transforms. P 

and Q are the coefficients of a and e in the chosen viscoelastic model in dilatation, and 

p and q are those in shear. By using the correspondence principle and assuming certain 

viscoelastic models for the material at the micro level, one can find differential equations 

of the viscoelastic helix. 

4.3 Differentiai equations of viscoelastic helix using Kelvin model 

Using two different Kelvin models for dilatation (eq (4.4» and shear (eq. (4.5» 

deformations of the material at the micro level as 

(4.4) 

(4.5) 

and taking the Laplace transforms of eqs. (4.4) and (4.5) 

p(s) = 1 (4.6) 
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Q(s) = Qo + QIS 

p(S) = 1 

q(S) = qo + q,s 

(4.7) 

(4.8) 

(4.9) 

Substituting eqs. (4.6) through (4.9) into the eqs. (4.2) and (4.3) and then substituting E 

and v into the elastic constitutive equations of the helix (eqs. (3.4a,b) in which C 

coefficients have explicit forms) and rearranging the terms, one can find the Laplace 

transforms of the desired differential equations as 

(4.10) 

(D' D' D' 2)- (E' E' E' 2 E' 3 1:;:- (B' B' B' 2 B' 3 I~ 0+ ,s + 2S lJ1 = 0 + ,s + 2 S + 3S )C + 0 + ,s + 2 S + 3S JL (4.11) 

where a = :' Ji = ~ and the bar sign refers to the Laplace field; all the constant 

coefficients, Ds,Es,Bs and D's,E's,B's, are functions of the geometry and the Kelvin 

mode1 parameters (See Appendix B for explicit forms of all the coefficients). 

To find the goveming differential equations it is sufficient to compare eqs. (4.10) and 

(4.11) to eqs (4.1) and (4.2) in order to easily obtain 

(4.12) 

(4.13) 

where a(') and a(2) are the first and second time derivatives of stress, ... etc. Eqs. (4.12) 

and (4.13) are the differential equations of a viscoe1astic helix with v * 0 for the material 

at the micro level. If v = 0 (which is equivalent to saying that the two dilatation and 

distortion models are equal, since P(s)=p(s), Q(s)=q(s) and eqs. (4.3a,b) become 
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E = q(s) and v = 0), then we will get much simpler forms of differential equations of 
p(s) 

this viscoelastic helix as 

(4.14) 

(4.15) 

In this special case ofv = 0, eqs (4.14) and (4.15) are similar in-type (analogous) to the 

Kelvin differential equations except that due to the coupling nature of the helix, cross 

terms are also added. 

4.4 Differentiai equations of viscoelastic helix using Maxwell model 

By using two different Maxwell models for the material at the micro level as: 

(4.16) 

(4.17) 

and doing similar procedures like those for the Kelvin mode1 mentioned in section 4.1.1, 

one can find the differential equations of a viscoelastic helix as (See Appendix B for the 

details): 

(4.18) 

(4.19) 

Note that if v = 0, then we get much simpler forms of differential equations of this 

viscoelastic helix as 
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(4.20) 

(4.21) 

4.5 Differentiai equations of viscoelastic helix using Zener model 

By using two different Zener models for the material at the micro level as: 

(4.22) 

(4.23) 

and following similar procedures as those in section 4.1.1, one can find differential 

equations of the viscoelastic helix as: 

(4.24) 

(4.25) 

If v = 0 , then we get much simpler forms of the differential equations of this viscoelastic 

he1ix as 

D a+ Ddt) - E ê+ E éI
) + B r+ B t I

) o 1 - 0 1 0 1 (4.26) 

Iij.1 + Iij.1(l) - Rê + E è) + .Et. r + K tt) o 1 - 0 1 0 1 (4.27) 
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4.6 Creep and Relaxation Phases 

Thus far, we have described the viscoelastic helix by its differential equations. To study 

the behavior of the viscoelastic helix, a standard test consisting of a creep and a 

relaxation phase has been used. In the relaxation phase constant strains are applied and 

the time dependent stresses are derived, and in the creep phase constant stresses are 

applied and time dependent strains are derived. 

4.6.1 Relaxation phase 

In the relaxation phase both ê and -r are assumed to be constant. Therefore, 

(4.28) 

The differential equations of a viscoelastic helix using two Kelvin mode1s (eqs. (4.12) 

and (4.13» will simplify to 

4.29) 

If. Il + If.J1(!} + Ii.J1(2} - E,ê+R-r or! 2 - 0 0 (4.30) 

Eqs. (4.29) and (4.30) are two independent linear second order differential equations with 

constant coefficients and it is obvious that the solution is either of the form of exponential 

functions or hyperbolic functions. The solution for the Kelvin model, using Maple 9.0 

Software, is found as (See Appendix C) 

(4.31 ) 
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n{t~D'2 -4D' D' J 
{

t ID'2_4D'D'J D;si 1 2D2 0 2 

-COS V 1 0 2 ___ ~====-_-"-
2D~ ~ D;2 - 4D~D~ 

(4.32) 

The solution for the Zener models, with the help of a similar procedure is found as 

(4.33) 

(4.34) 

where in eq. (4.33) 

(4.35) 

and in eq. (4.34) 

(4.36) 

The relaxation response of the Maxwell model may be found as a special case of that of 

the Zener model above. 

In general, in the relaxation phase of the viscoelastic helix, since both strains ê and Tare 

constant and stresses are not coupled, each of the differential equations can be 
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independently solved to find the time dependent stresses. In the creep phase however, as 

we will see in the next section, coupled differential equations should be solved to find the 

time dependent strains. 

4.6.2 Creep Phase 

In the creep phase, as mentioned earlier, both stresses (J and f.1 are assumed to be 

constant. Therefore, 

(4.37) 

and in order to find the solution, despite the relaxation case, we have to solve a system of 

two coupled differential equations. For example, for a Kelvin model eqs. (4.12) and 

(4.13) reduce to 

Taking Laplace transforms ofboth eqs. (4.38) and (4.39) gives: 

D I f.1 (E' E' E' 2 E' 3 \~ (B' B' B' 2 B' 3 \::; 0-= 0 + ,s + 2S + 3S Jë. + 0 + ,s + 2S + 3S It 
S 

(4.38) 

(4.39) 

(4.40) 

(4.41) 

where the bar sign in the e,7f refers to the Laplace field. Note, (4.40) and (4.41) are two 

equations for two unknowns e,7f . Thus 
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(4.42) 

(4.43) 

By performing the inverse Laplace transform on eqs. (4.42) and (4.43), the solution forms 

of ê and r will be 

~ F(Â,.) ÀI 
ê=~ e' 

;=1 G'(ÂJ 
(4.44) 

(4.45) 

where Gis the denominator of eqs. (4.42) or (4.43) (which is a polynomial function of s) 

and Âj s are the roots of this polynomial; G' (ÂJ is the derivative of G with respect to s 

calculated at Âj; F and H are numerators of eqs. (4.42) and (4.43), respectively, which are 

polynomial functions of s calculated at Âj • 

By using the same procedure, we can find ê and r for any other system, like the 

Maxwell model or the Zener model. 

4.7 Results 

• The differential equations of a linear viscoelastic helix have been derived, along 

with explicit forms of all the coefficients, for three basic types of linear 

differential models (Kelvin, Maxwell, Zener) for the material at the micro level. 
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• The linear viscoelastic responses of a helix are generally different in type (and 

more complex) from those ofthe material at the micro level. 

• When v = 0 the type of the differential equations of the helix are analogous to the 

differential equation of the material at the micro level. Thus, in the relaxation 

phase in which both the differential equations of the helix can be solved 

independentIy, the viscoelastic response of the helix at the macro leveI is 

qualitatively the same as the viscoeIastic response of the assumed model at the 

micro level. 

• Although we did not work with an arbitrary-order differential equation (eq. 4.1), 

our study c1early indicates that direct viscoeIastic generalizations of effective 

constitutive equations of helices, not based on systematic analyses such as those 

presented here, are likeIy going to be invalid. This is due to the fact that, for a 

given complexity of the material modeI, higher order derivatives are showing up 

in the differential equation goveming the helix. 

• The foregoing observation relating to uni axial helices also provides guidance for 

admissible vis-à-vis inadmissible models of three-dimensional chiral (i.e. helically 

structured) materials. It is well known that the constitutive relation of a linear 

elastic chiral material involves two coupled equations (Nowacki, 1986) 

(4.46a,b) 

where flij is the couple-stress tensor, while Tekl is the torsion-curvature tensor. 

However, in view of our results, one cannot arbitrarily postulate viscoelastic 

generalizations of eqs. (4.46a,b) in terms of differential tensorial equations. 

Another case study where a uniaxial helix has provided guidance on 

thermomechanics of three-dimensional chiral materials has recently been 

presented in (Ostoja-Starzewski, 2003). 
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5 CONCLUSIONS 

5.1 Conclusions 

In the first chapter, after a complete literature review study about helices, it was shown 

that there are a lot of studies that need to be done. In the second chapter, Spectral Finite 

Element of an Elastic Helix, we derived explicit forms of all the coefficients of the 

stiffness matrix and plotted their dependencies on the frequency and the parameter 

describing the said coupling. In general, the growth of that parameter leads to a 

progressively denser occurrence of the resonances ofboth axial and torsional motions. 

Taking A2 = A3 = 0 in a helix (absence of the coupling effect) and partitioning its four-

by-four spectral stiffness matrix into four two-by-two sub-matrices as 

K= 

we see that the first and second sub-matrices on the diagonal represent the spectral 

stiffness matrices of a straight bar under a pure axial and torsionalload, respectively, with 

the two off-diagonal sub-matrices being zero identicaIly. 

In the third chapter, by making certain assumptions, aIl the constitutive coefficients of a 

helix have been derived explicitly and from the parametric studies over different 

parameters, it is shown that 

• The ratio C/c2 is never equal to unit y, although in sorne cases it is very close. 
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• When a approaches 1l , CI and C 4 approach to values that are proportional to E 
2 

and G respectively and C2 and C3 approach zero. Aiso the ratio C7c2 approaches 

. h 1l umty as a approac es -. 
2 

• C2 and C3 do not depend on the center fibril and the only contribution of the 

center fibril is in the first terrns of CI and C 4 • 

• The Maximum value of CI occurs at a = 1l while the maximum values of C2 and 
2 

C3 occur approximately when a = 1 radian. AIso, the maximum value of 

C4 0ccurs when a is about 0.6 or 0.7 radians. 

• AH the helix coefficients increase by increasing RI and decrease by increasing v 

Finally, in the last chapter, the viscoelastic response of a helix was studied. Having the 

elastic solution from chapter 3 and, by using the correspondence. principle of 

viscoelasticity, the differential equations of a linear viscoelastic helix have been derived 

with aIl explicit coefficients. In the derivation of these equations, three types of linear 

viscoelastic models (Kelvin, Maxwell, Zener models) have been used for the material at 

the micro level. 

It was shown that the linear viscoelastic responses of a helix are different than that of the 

material at the micro level. However, when v = 0 the type ofthe differential equations of 

the helix are analogous to the differential equation of the material at the micro level. 

Thus, in the relaxation phase in which both the differential equations of the helix can be 

solved independently, the viscoelastic response of the helix at the macro level is 

qualitatively the same as the viscoelastic response of the assumed model at the micro 

level. 
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5.2 Future research 

Regarding the literature review and the work that has been done in this thesis, it seems 

that the overall elastic behavior of a helix (or any helically stranded wires) submitted to 

axial loading (forces and moments) is weIl represented by variety of approaches. 

Depending on the application, models of varying degree of freedom are available. 

However there are sorne important issues that need further work. For instance, 

considering Cz and C3 , which are not exactly equal from current micromechanics 

analysis, more work on the analysis of geometric configuration and the mechanics 

assumptions is needed. This should allow a better assessment of the validity or influence 

of the various hypotheses. Various related studies can be carried out in the future: 

• Adding another DOF on helix as a vertical deflection, and finding the coupled 

behavior of the new DOF in interaction with the axial and torsional deflections 

and deriving the three goveming coupled differential equations. 

• Extending available theories of the helical strands from small deformations to 

finite deformations. 

• Study ofnonlinear viscoelastic, or even plastic, responses ofhelices. 

• Improving basic strand bending models to be applied to much more complex 

situations such as multi-strand cables, fatigue, contact, friction and stick-slip 

conditions. 

• Predicting different behaviors of the individual strands. 

• Deriving fractional order differential equations of a linear viscoelastic stress 

relaxation in helical polymers. 
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APPENDIXA 

Discrepancies between C2 and C3 

There are sorne discrepancies between the coefficients C2 and C3 as discussed below. 

The work done on a straight bundle by the loads F and M can be written as 

w =: fFdx+MdrP 

where x = h8 and rP = hr = hfJ . Rence 
R 

dx = hd8 

and 

drP = !!...dfJ 
R 

where R = RI + 2R2 is the radius of the bundle. Now W can be written as 

This integral should be independent of the path. Rence, 
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which results in 

or 

Note that due to the assumptions made to derive the constitutive helix coefficients, the 

above equations which are based on the energy concept, are not exactly satisfied. 
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APPENDIXB 

Coefficients of the differential equations of a viscoelastic helix 

There are six programs written by Maple 9.0 software for the two stresses (axial and 

shear) of a helix while considering three viscoelastic models for each: 

1) Pro gram No. 1: Finding the coefficients of the differential equation of the axial 

stress of a helix using two Kelvin models 

2) Program No. 2: Finding the coefficients of the differential equation of the shear 

stress of a helix using two Kelvin models 

3) Program No. 3: Finding the coefficients of the differential equation of the axial 

stress of a helix using two Maxwell models 

4) Program No. 4: Finding the coefficients of the differential equation of the shear 

stress of a helix using two Kelvin models 

5) Program No. 5: Finding the coefficients of the differential equation of the axial 

stress of a helix using two Zener (3-Parameter) models 

6) Pro gram No. 6: Finding the coefficients of the differential equation of the shear 

stress of a helix using two Zener (3-Parameter) models 

In order to shorten the long coefficients, the following notations are used 

s = sina2 

c = cosa2 

ta = tana2 

In all the programs , the Laplace parameter is shown by sI; rand Jl in the constitutive 

equations are replaced by fJ and r respectively. Due to length limitations on a master's 

thesis only the final results are given for the programs No. 5 and No. 6. 
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> 

program No. 1 

Coefficients of the diff. eq. of the axial 

stress of a helix using two Kelvin models 

restartj 

> 

with(linalg): 

Warning, the protected names norm and trace have been redefined and 
unprotected 

> cl:=E*R1A2/(R1A2+m*R2À2)+m*E*R2A2/«R1À2+m*R2À2}*(r2+r2*taA2+nu*R2}}*«r 
2*taA2-nu*Rl)*s+R2A2*(1-2*sA2}*s*cA2/4/r2+R2A2*sA3*cA2* (1+nu}/2/r2-nuA2* 
R2A2*s*c A4*(Rl+r2*taA2}/4/r2À2/(1+nu})j 

ERI 2 
cJ:=-----

RI2+mR22 

( 

2 2 2 232 2 2 4 2J mE R2 2 (r2 ta 2 _ v RI) s + R2 (1 - 2 s ) s c + R2 s c (1 + v) _ v R2 sc (RI + r2 ta ) 

4r2 2r2 4r2 2 (1+v) 

+---~-----------------------------~ 

[ 

(RI 2 + m R22) (r2 + r2 ta 2 + v R2) 

> c2:=r2*E*m*R2A2/(Rl+2*R2)/(R1A2+m*R2A2)/(r2+r2*ta A 2+nu*R2)*(r2*ta*s+R2 À2 
/4/(1+nu}/r2*«2*sA2-1)*sA2*c)-R2À2/2/r2*sA4*c-nuA2*R2À3*sA2*c A3/4/r2À2/ 
(l+nu) ) i 

r 2 E m R2 2 ( r 2 ta s + R2
2 

(2 s 2 - 1) s 2 c _ R2
2 

s 4 c _ v 2 R2
3 

s 2 c 
3 

J 

4(1+v)r2 2r2 4r2 2 (1+v) 

c2:=----~--------------------~-
(RI + 2 R2) (RI 2 + m R22) (r2 + r2 ta 2 + v R2) 
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> sigma:=cl*epsilon+c2*beta i 

u:= 
Ri 2 + m R2 2 

[ 

2 2 2 232 2 2 4 2J mER22 (r2ta2_vRi)s+R2 (1-2s )SC +R2 sc (l+v)_v R2 sc (Ri+r2ta) 

4r2 2r2 4r2 2 (1+v) 

+------~------------------------------------------------------~ 
(Ri 2 + m R22) (r2 + r2 ta 2 + V R2) 

r 2 E m R2 2 [ r 2 ta s + R2 
2 

(2 s 2 - 1) s 2 c _ R2 
2 

s 4 c _ V 2 R2 3 s 2 c 3 J P 
4 (1 + v) r2 2 r2 4 r2 2 (1 + v) 

e+--------~----------------------------------~ 
(Ri + 2 R2) (Ri 2 + m R22) (r2 + r2 ta 2 + v R2) 

[ 
> sigmal:=subs(E=3*Q*q/(2*p*Q+q*P),nu=(p*Q-q*P)/(2*p*Q+q*P),sigma)i 

ui := 
3 Q q Ri

2 1 
-------=~--------+---------------------------------------
(2 p Q + q P) (Ri 

2 
+ m R22) (2 p Q + q P) (Ri 2 + m R2 2) ( r2 + r2 ta 2 + (p Q - q P) R2J 

2pQ+qP 

R2 2 s3 c 2 ( 1 + p Q - q P ] 

R2 2 (2 2 (p Q - q P) Ri] R2 
2 

(1 - 2 s 2) s c 
2 2 p Q + q P 

q r ta - s + + -----~--------'::..... 
2p Q + q P 4 r2 2 r2 

2 2 4 2 (p Q - q P) R2 s c (RI + r2 ta ) 

4 (2 p Q + q p)2 r2 2 ( 1 + p Q - q P ] 
2pQ+qP 

1 

e+ 

(2 p Q + q P) (Ri + 2 R2) (Ri 2 + m R2 2) ( r2 + r2 ta 2 + (p Q - q P) R2J 
2pQ+qP 

222 + R2 (2 s - 1) s c 

4 ( 1 + p Q - q P J r2 
2pQ+qP 

24 2323 II R2sc (PQ-qP)R2sc P 

2 r2 4 (2 p Q + q p)2 r2 2 ( 1 + p Q - q P ] 
2pQ+qP 

f> sigma2:=simplify(sigmal)i 
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a2 := «24 t: Q 2 RI 3 r2 3 p2 + 12 t: Q RI 3 r2 3 p q P + 24 t: Q 2 RI 3 r2 3 p 2 ta 2 + 12 t: Q RI 3 r2 3 p ta 2 q P 

+ 12 t: Q 2 RI 3 r2 2 p 2 R2 + 24 t: Q 2 RI 2 r2 2 p 2 R2 2 _ 12 t: Q RI 3 r2 2 p R2 q P 
222 33222 33 2 - 24 t: Q RI r2 p R2 q P + 48 t: m R2 s r2 p Q ta + 24 t: m R2 s r2 p Q ta q P 
22222 3222 22? - 12 t: m R2 s r2 p Q RI - 24 t: m R2 s r2 p Q RI + 12 t: m R2 s r2 p Q Rr q P 
32 53222 532 + 24 s m R2 s r2 p Q RI q P + 12 t: m R2 sep Q r2 - 12 t: m R2 s e r2 p Q q P 
5222 52 44222 + 12 t: m R2 s e r2 p Q + 6 t: m R2 s e r2 p Q q P - t: m R2 sep Q RI 

5422 5422 2 44 2 - 2 t: m R2 sep Q RI - 2 t: m R2 sep Q r2 ta + 2 t: m R2 sep Q q P RI 
54 54 2 44222 + 4 t: m R2 sep Q q P RI + 4 t: m R2 sep Q q P r2 ta - t: m R2 s e q P RI 
5422 54222 2232 - 2 t: m R2 s e q P RI - 2 t: m R2 s e q P r2 ta + 48 t: Q RI r2 p R2 

+ 24 8 Q RI 2 r2 3 p q P R2 + 48 t: Q 2 RI 2 r2 3 p 2 ta 2 R2 + 24 t: Q RI 2 r2 3 p ta 2 q P R2 
2 3222 2 3 2 43222 + 24 t: m R2 s r2 p Q ta RI + 12 t: m R2 s r2 p Q ta q P RI + 6 t: m R2 sep Q r2 RI 

432 42 22 42 - 6 8 m R2 s e 1'2 p Q q P RI + 6 t: m R2 s c r2 p Q RI + 3 t: m R2 s e 1'2 p Q q P RI 
44222 44 2 44222 

- t: m R2 sep Q r2 ta RI + 2 t: m R2 sep Q q P r2 ta RI - t: m R2 s c q P r2 ta RI 
4 2 22 4 2 2 44 22 +24r2 mR2 sptap Q +12r2 mR2 sptapQqP-4r2 mR2 s pep Q 
24222 244 242 - 4 r2 m R2 s pep Q + 2 r2 m R2 s pep Q q P - 4 r2 m R2 s pep Q q P 
2442224222 52322 + 2 r2 m R2 s pc q P - r2 m R2 s p e q P - r2 m R2 s pep Q 

523 52322/ 2 2 + 2 r2 m R2 s pep Q q P - r2 m R2 s p e q P ) q) (4 p r2 (2 r2 p Q + r2 q P + 2 r2 ta p Q 
2 2 2 

+ r2 ta q P + R2 p Q - R2 q P) (RI + m R2 ) (RI + 2 R2) (2 p Q + q P» 

[ 
[ 
> LHS1:=denom{sigma2)i 

LHSI := 4 p 1'2 2 (2 r2 p Q + r2 q P + 2 r2 ta 2 p Q + r2 ta 2 q P + R2 p Q - R2 q P) (RI 2 + m R22) (RI + 2 R2) 
(2p Q + q P) 

[

> LHS2:=subs(p=l,P=l,q=qO+ql*sl,Q=QO+Ql*sl,LHS1)i 

LHS2 := 4 r2 2 (2 r2 (QO + QI sI) + 1'2 (qO + qi s1) + 2 1'2 ta 2 (QO + QI s1) + 1'2 ta
2 

(qO + qi sI) 

+ R2 (QO + Qi s1) - R2 (qO + qi sI» (RI 2 + m R22) (RI + 2 R2) (2 QO + 2 QI sI + qO + qi s1) 

> LHS3:=collect{LHS2,sl)i 

LHS3 := 4 r2 2 (2 r2 QI + r2 qi + 2 r2 ta 2 QI + 1'2 ta 2 qi + R2 QI - R2 qI) (RI 2 + m R22) (RI + 2 R2)(2 

QI + qI) sI 2 + (4 r2 2 (2 r2 QO + 1'2 qO + 2 1'2 ta 2 QO + r2 ta 2 qO + R2 QO - R2 qO) (RI 2 + m R22) (RI 

+ 2 R2)(2 QI + qI) + 4 r2 2 (21'2 QI + r2 qi + 2 r2 ta 2 QI + r2 ta 2 qi + R2 QI - R2 qI) (RI 
2 

+ m R22) (RI + 2 R2) (2 QO + qO» sI + 4 r2 2 (21'2 QO + r2 qO + 2 r2 ta 2 QO + r2 ta
2 

qO + R2 QO 

- R2 qO) (RI 2 + m R2 2) (RI + 2 R2) (2 QO + qO) 

> RHS1:=numer(sigma2)i 

RHSI := q (24 t: Q 2 RI 3 r2 3 p 2 + 12 t: Q RI 3 r2 3 p q P + 24 t: Q 2 RI 3 r2 3 p 2 ta 2 

+ 12 t: Q RI 3 r2 3 p ta 2 q P + 12 t: Q 2 RI 3 r2 2 p 2 R2 + 24 8 Q 2 RI 2 r2 2 p 2 R2 2 

32 22 2 33222 
- 12 [] Q RI r2 p R2 q P - 24 t: Q RI r2 p R2 q P + 48 t: m R2 s r2 p Q ta 

33 2 22222 3222 + 24 t: m R2 s r2 p Q ta q P - 12 s m R2 s r2 p Q RI - 24 t: m R2 s r2 p Q RI 
22 2 32 53222 + 12 t: m R2 s r2 p Q RI q P + 24 t: m R2 s r2 p Q RI q P + 12 t: m R2 sep Q r2 
532 5222 52 QP - 128111 R2 s e 1'2 p Q q P + 128 m R2 se r2 p Q + 6 t: m R2 se r2 p q 
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44222 5422 5422 2 - 8 m R2 sep Q RI - 2 8 m R2 sep Q RI - 2 8 m R2 sep Q r2 ta 
44 2 54 54 2 + 2 8 m R2 sep Q q P RI + 48 m R2 sep Q q P RI + 48 m R2 sep Q q P r2 ta 

44222 5422 54222 
- e m R2 s c q P RI - 2 e m R2 s c q P RI - 2 e m R2 s c q P r2 ta 

+ 48 8 Q 2 RI 2 r2 3 p 2 R2 + 24 8 Q RI 2 r2 3 p q P R2 + 48 8 Q 2 RI 2 r2 3 p 2 ta 2 R2 
232 23222 23 2 + 248 Q RI r2 p ta q P R2 + 24 e m R2 s r2 p Q ta RI + 12 e m R2 s r2 p Q ta q P RI 
43222 432 4222 + 6 8 m R2 sep Q r2 RI - 68 m R2 s c r2 p Q q P RI + 6 8 m R2 s c r2 p Q RI 
42 44222 44 2 + 3 e m R2 s c r2 p Q q P RI - e m R2 sep Q r2 ta RI + 2 8 m R2 sep Q q P r2 ta RI 

44222 42 22 42 
- e m R2 sc q P r2 ta RI + 24 r2 m R2 s fJ ta p Q + 12 r2 m R2 s fJ ta p Q q P 

24422 24222 244 
- 4 r2 m R2 s fJ cp Q - 4 r2 m R2 s fJ cp Q + 2 r2 m R2 s fJ cp Q q P 

242 2442224222 - 4 r2 m R2 s fJ cp Q q P + 2 r2 m R2 s fJ c q P - r2 m R2 s fJ c q P 
52322 523 52322 - r2 m R2 s fJ c p Q + 2 r2 m R2 s fJ c p Q q P - r2 m R2 s fJ c q P ) 

> RHS2:=subs(p=l,P=l,q=qO+ql*sl,Q=QO+Ql*sl,RHS1)i 

RHS2 := (qO + qi s1) (24 e (QO + QI s1)2 RI 3 r2 3 
- e m R2 4 s c 4 (qO + qi s1)2 RI 2 

54 2 44 22 - 2 8 m R2 sc (qO + qi s1) RI- e m R2 sc (qO + qi (1) r2 ta RI 

- 2 e m R2 5 s c4 (qO + qi sI)2 r2 ta 2 - r2 m R2 5 s 2 fJ c 3 (qO + qi s1)2 
244 2242 2 +2r2 mR2 s fJc(qO+qIs1) -r2 mR2 s fJc(qO+qIs1) 

+ 128 (QO + QI (1) RI 3 r2 3 (qO + qi sI) + 12 e (QO + QI s1) RI 3 r2 3 ta 2 (qO + qi sI) 

+ 24 e (QO + QI s1)2 RI 3 r2 3 ta 2 + 128 (QO + QI sI)2 RI 3 r2 2 R2 

+ 24 e (QO + QI s1)2 RI 2 r2 2 R2 2 + 48 8 m R2 3 s r2 3 (QO + QI s1)2 ta 2 

[ 

- 12 e m R2 2 s r2 2 (QO + QI s1)2 RI 2 - 24 8 m R2 3 s r2 2 (QO + QI s1)2 RI 
532 2 52 2 + 128 m R2 s c (QO + QI s1) r2 + 12 e m R2 sc r2 (QO + QI s1) 

4 4 2 2 542 
- 8 m R2 sc (QO + QI (1) RI - 2 e m R2 sc (QO + QI s1) RI 

- 2 e m R2 5 s c 4 (QO + QI s1)2 r2 ta 2 + 48 e (QO + QI sI)2 RI 2 r2 3 R2 

+ 48 8 (QO + QI s1)2 RI 2 r2 3 ta 2 R2 + 24 e m R2 2 s r2 3 (QO + QI s1)2 ta 2 RI 
432 2 42 2 + 68 m R2 s c (QO + QI sI) r2 RI + 6 8 m R2 sc r2 (QO + QI s1) RI 

44 22 42 2 - e m R2 sc (QO + QI s1) r2 ta RI + 24 r2 m R2 s fJ ta (QO + QI sI) 
244 2 242 2 - 4 r2 m R2 s fJ c (QO + QI (1) - 4 r2 m R2 s fJ c (QO + QI sI) 

5 2 3 2 3 2 - r2 m R2 s fJ c (QO + QI sI) - 128 (QO + QI s1) RI r2 R2 (qO + qi s1) 

- 24 8 (QO + QI s1) RI 2 r2 2 R2 2 (qO + qi s1) + 248 m R2 3 s r2
3 

(QO + QI sI) ta
2 

(qO + qi s1) 

+ 128 m R2 2 s r2 2 (QO + QI s1) RI 2 (qO + qi s1) + 24 8 m R2 3 .'1 r2
2 

(QO + QI s1) RI (qO + qi sI) 

- 12 e m R2 5 
8

3 c 2 r2 (QO + QI .'11) (qO + qi sI) + 68 m R2 5 s c
2 

r2 (QO + QI (1) (qO + qi sI) 
4 4 2 5 4 + 2 e m R2 sc (QO + QI sI)(qO + qi s1) RI + 4 e m R2 sc (QO + QI sI)(qO + qi s1) RI 

+ 4 8 m R2 5 .'1 C 
4 (QO + QI sI)(qO + qi s1) r2 ta 2 + 24 e (QO + QI s1) RI

2 
r2

3 
(qO + qi sI) R2 

+ 24 e (QO + QI s1) RI 2 r2 3 ta 2 (qO + qi s1) R2 + 128 m R2 2 .'1 r2 3 (QO + QI (1) ta
2 

(qO + qi s1) RI 

- 68 m R2 4 s 3 c 2 r2 (QO + QI s1) (qO + qi s1) RI + 3 8 m R2 4 s c 2 r2 (QO + QI s1) (qO + qi sI) RI 

+ 2 8 m R2 4 s c 4 (QO + QI sI) (qO + qi sI) r2 ta 2 RI + 12 r2 4 m R2 2 s fJ ta (QO + QI (1) (qO + qi s1) 
2 4 4 2 4 2 + 2 r2 m R2 s fJ c (QO + QI sI)(qO + qi 81) - 4 r2 m R2 s fJ c (QO + QI sI)(qO + qi sI) 

+ 2 r 2 m R2 5 s 2 fJ c 3 (QO + QI .'11) (qO + q 1 s 1)) 

[

> RHS3epsilon:=collect(RHS2,epsilon)i 

RHS3epsilon:= (qO + qi s1) (24 (QO + QI sI)2 RI 3 r2 3 + 12 (QO + QI sI) RI
3 

r2
3 

(qO + qi sI) 
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[ 

+ 24 (QO + Q1 s1)2 R1 3 r2 3 ta 2 + 12 (QO + Q1 s1)2 R1 3 r2 2 R2 + 24 (QO + Q1 s1)2 R1 2 r2 2 R2 2 

+ 48 (QO + Q1 sl)2 R1 2 r2 3 R2 - m R2 4 sc 4 (qO + q1 sl)2 R1 2 - 2 m R2 5 s c 4 (qO + qi s1)2 R1 
44 22 54 22 - m R2 sc (qO + q1 s1) r2 ta Ri - 2 m R2 sc (qO + q1 s1) r2 ta 

+ 12 (QO + Q1 s1) R1 3 r2 3 ta 2 (qO + q1 s1) + 48 m R2 3 s r2 3 (QO + Q1 s1)2 ta 2 

+ 12 m R2 5 s c 2 r2 (QO + Q1 s1)2 - m R2 4 s c 4 (QO + Q1 s1)2 R1 2 

-12 m R2 2 s r2 2 (QO + QI sl)2 R1 2 - 24 m R2 3 s r2 2 (QO + Qi sl)2 Ri 
+ 12 m R2 5 s3 c 2 (QO + Qi s1)2 r2 + 6 m R2 4 s3 c 2 (QO + Q1 81)2 r2 R1 

+ 6 m R2 4 s c 2 r2 (QO + Q1 s1)2 R1 - 12 (QO + Q1 sl) RI 3 r2 2 R2 (qO + qI s1) 
54 2 54 22 - 2 m R2 8 c (QO + Qi sl) RI - 2 m R2 sc (QO + Q1 s1) r2 ta 

+ 48 (QO + Q1 s1)2 R1 2 r2 3 ta 2 R2+ 24 m R2 2 s r2 3 (QO + QI sI)2 ta 2 RI 

+ 12 m R2 2 s 1'2 2 (QO + QI s1) Ri 2 (qO + qi sl) + 24 m R2 3 s 1'2 2 (QO + Qi sI) Ri (qO + qI s1) 
53252 - 12 m R2 s c 1'2 (QO + QI .'Il) (qO + qI s1) + 6 m R2 8 c 1'2 (QO + Q1 sI) (qO + qI s1) 

4 4 2 2 2 2 2· - m R2 s c (QO + Qi s1) 1'2 ta Ri - 24 (QO + Qi s1) Ri r2 R2 (qO + qi si) 
3 3 2 4 4 2 + 24 m R2 s r2 (QO + QI sl) ta (qO + qI sI) + 2 m R2 sc (QO + Qi si)(qO + qI s1) RI 

5 4 5 4 2 +4mR2 sc (QO+QIs1)(qO+qis1)Ri+4mR2 sc (QO+Q1s1)(qO+q1si)r2ta 

+ 24 (QO + Q1 .'Il) RI 2 r2 3 (qO + q1 s1) R2 + 24 (QO + QI sI) RI 2 r2 3 ta 2 (qO + qI s1) R2 

+ 12 m R2 2 s r2 3 (QO + QI si) ta 2 (qO + qI s1) RI- 6 m R2
4 

s 3 c
2 

r2 (QO + QI si) (qO + qI s1) RI 
4 2 4 4 2 + 3 m R2 sc r2 (QO + QI si)(qO + qI s1) Ri + 2 m R2 sc (QO + Qi si)(qO + qI sl) r2 ta RI) 

523 2 42 2 
€ + (qO + q1 8I)(-r2 m R2 s f3 c (QO + QI s1) + 24 r2 m R2 s f3 ta (QO + QI s1) 

244 2 242 2 - 4 r2 m R2 s f3 c (QO + QI s1) - 4 r2 m R2 s f3 c (QO + QI s1) 
244 523 2 + 2 r2 m R2 s f3 c (QO + Qi si)(qO + qi si) - r2 m R2 s f3 c (qO + q1 s1) 
244 2242 2 + 2 r2 m R2 s f3 c (qO + qI sI) - r2 m R2 s f3 c (qO + qi s1) 

2 4 2 5 2 3 - 4 r2 m R2 s f3 c (QO + Q1 sI)(qO + qI s1) + 2 r2 m R2 s f3 c (QO + QI sI)(qO + qI s1) 
4 2 + 121'2 m R2 s f3 ta (QO + QI s1) (qO + qi s1)) 

> RHS3beta:=collect(RHS2,beta}i 
242 2 244 2 

RHS3beta:= (qO + qI s1) (-1'2 m R2 s c (qO + qI s1) - 4 r2 m R2 s c (QO + Q1 sI) 
242 2 523 2 42 2 - 4 1'2 m R2 s c (QO + Q1 s1) - r2 m R2 s c (QO + Qi s1) + 24 r2 m R2 s ta (QO + QI si) 

523 2 244 2 -r2mR2 s c (qO+qI81) +2r2 mR2 s c(qO+qIs1) 
4 2 2 4 4 + 12 r2 m R2 s ta (QO + Qi sI)(qO + q1 s1) + 2 r2 m R2 s c (QO + QI sl)(qO + qI s1) 

_ 4 r2 2 m R2 4 s 2 c (QO + Qi sI)(qO + qi sl) + 2 r2 m R2 5 s 2 c 3 (QO + Qi sI)(qO + qI s1)) f3 + (qO 
233 44 22 

+ qI si)(24 s (QO + Qi si) R1 r2 - € m R2 sc (qO + qI s1) RI 
54 2 44 22 - 2 € m R2 sc (qO + q1 s1) RI - € m R2 sc (qO + q1 s1) r2 ta R1 

_ 2 € m R2 5 s c 4 (qO + qI s1)2 r2 ta 2 + 12 s (QO + Qi sl) RI 3 r2 3 (qO + qi sI) 

+ 12 s (QO + QI s1) Ri 3 r2 3 ta 2 (qO + qI sI) + 24 € (QO + QI sI)2 RI 3 r2 3 ta
2 

+ 12 s (QO + Qi sI)2 RI 3 r2 2 R2 + 24 s (QO + Q1 s1)2 R1
2 

r2
2 

R2
2 

+ 48 s m R2 3 s r2 3 (QO + Q1 si)2 ta 2 -12 s m R2 2 s r2 2 (QO + QI s1)2 Ri 2 

32 2 532 2 - 24 € m R2 s r2 (QO + QI sI) RI + 12 s. m R2 s c (QO + QI s1) r2 
5 2 244 2 2 + 12 s m R2 s c r2 (QO + QI s1) - s m R2 s c (QO + QI s1) Ri 

54 2 54 22 
- 2 e m R2 sc (QO + Q1 .'Il) Ri - 2 s m R2 sc (QO + QI sl) r2 ta 

+ 48 s (QO + Qi s1)2 RI 2 r2 3 R2 + 48 s (QO + Q1 sl)2 RI
2 

r2
3 

ta
2 

R2 
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23 22 432 2 + 24 " m R2 s r2 (QO + QI sI) ta RI + 6" m R2 s c (QO + QI s1) r2 RI 

+ 6" m R2 4 s c 2 r2 (QO + QI sI)2 RI-" m R2 4 s c 4 (QO + QI sI)2 r2 ta 2 RI 

- 12" (QO + Ql s1) RI
3 

r2 2 R2 (qO + ql sI) - 24" (QO + Ql s1) RI
2 

r2 2 R2 2 (qO + qi s1) 
3 3 2 2 2 2 + 24 " m R2 s r2 (QO + QI s1) ta (qO + ql s1) + 12" m R2 s r2 (QO + QI sl) RI (qO + ql s1) 
3 2 5 3 2 + 24" m R2 s r2 (QO + QI s1) RI (qO + qi s1) - 12" m R2 s c r2 (QO + QI s1) (qO + qi sl) 

5 2 4 4 2 + 6" 111 R2 sc r2 (QO + QI 81) (qO + qi s1) + 2 s m R2 8 C (QO + Ql sI) (qO + qi s1) RI 
5 4 542 + 4 s m R2 sc (QO + QI sl)(qO + qi s1) RI + 4 s m R2 8 c (QO + Ql sI) (qO + ql sI) r2 ta 

+ 24 8 (QO + QI s1) RI 2 r2 3 (qO + qi sI) R2 + 24 s (QO + QI s1) R1 2 r2 3 ta 2 (qO + qi s1) R2 
232 + 12 [; m R2 s r2 (QO + QI s1) ta (qO + qi sI) RI 

4 3 2· 4 2 - 6 s m R2 s c r2 (QO + QI sI)(qO + qi s1) RI + 3 8 m R2 sc r2 (QO + QI sI)(qO + qi s1) Rl 
442 + 2 s m R2 sc (QO + Ql sI)(qO + qi s1) r2 ta Rl) 

> betal:=coeff(RHS3beta,beta,l)j 
242 2 244 2 fiI:=(qO+qIsl)(-r2 mR2 s c(qO+qlsl) -4r2 mR2 s c(QO+QIs1) 

242 2 523 2 42 2 - 4 r2 m R2 s c (QO + QI s1) - r2 m R2 s c (QO + Ql sI) + 24 r2 m R2 s ta (QO + Ql s1) 

_ r 2 111 R2 5 s 2 c 3 (qO + q 1 s 1)2 + 2 r 2 2 m R2 4 s 4 c (qO + q 1 s 1)2 . 
4 2 2 4 4 + 12 r2 m R2 s ta (QO + QI sl) (qO + qi sI) + 2 r2 m R2 s c (QO + QI sI) (qO + ql sl) 

2 4 2 5 2 3 - 4 r2 m R2 s c (QO + QI sI)(qO + ql s1) + 2 r2 m R2 s c (QO + QI sl)(qO + qi s1) 

> beta2:=collect(betal,sl)i 

fi2 := qi (2 r2 2 111 R2 4 s4 c q12 + 12 r2 4 m R2 2 s ta QI qi - r2 m R2 5 s 2 c 3 QI 2 _ 4 r2 2 m R2 4 s2 c QI 2 

244 42 22422 242 + 2 r2 m R2 s c QI qi + 24 r2 m R2 s ta QI - r2 m R2 s c ql - 4 r2 m R2 s c QI qi 
5232 2442 523 3 244 

- r2 m R2 s c qi - 4 r2 m R2 s c QI + 2 r2 m R2 s c QI ql) sl + (qO (2 r2 m R2 s 
2 42 5232 2422 

c qi + 12 r2 m R2 s ta Ql qi - r2 m R2 s c QI - 4 r2 m R2 s c QI 
244 42 22422 242 + 2 r2 m R2 s c QI qi + 24 r2 m R2 s ta QI - r2 m R2 s c ql - 4 r2 m R2 s c QI qi 

_ r2 m R2 5 8 2 c 3 qI 2 _ 4 r2 2 m R2 4 s 4 C QI 2 + 2 r2 m R2 5 s 2 c 3 QI qI) + qi ( 

-2 r2 m R2 5 s 2 c 3 QO QI _ 8 r2 2 m R2 4 s 2 c QO QI + 48 r2 4 m R2 2 s ta QO QI - 2 r2 2 m R2 4 s 2 c qO qi 
242 242 523 - 4 r2 m R2 s c QO qi - 4 r2 m R2 fi c QI qO - 2 r2 m R2 s c qO qi 
2 44 523 523 - 8 r2 m R2 s c QO QI + 2 r2 m R2 s c QO qi + 2 r2 m R2 s c Ql qO 
244 244 244 + 4 r2 m R2 s c qO qi + 2 r2 m R2 s c QO qi + 2 r2 111 R2 s c QI qO 

+ 12 r2 4 m R2 2 
8 ta QO qi + 12 r2 4 m R2 2 s ta QI qO» s12 + (qO (-2 r2 m R2 5 s2 c 3 QO QI 

242 42 242 - 8 r2 m R2 s c QO QI + 48 r2 m R2 s ta QO Ql - 2 r2 m R2 s c qO ql 
242 242 523 - 4 r2 m R2 s c QO qi - 4 r2 m R2 s c QI qO - 2 r2 m R2 s c qO ql 
2 44 523 523 - 8 r2 m R2 s c QO QI + 2 r2 m R2 s c QO qi + 2 r2 m R2 s c QI qO 
244 244 244 + 4 r2 m R2 s c qO qi + 2 r2 m R2 s c QO qi + 2 r2 m R2 s c QI qO 
42 42 2422 

+12r2 mR2 8taQOqI+12r2 mR2 staQlqO)+qI(-r2 mR2 s cqO 
242 5232 2442 523 - 4 r2 m R2 s c QO qO - r2 m R2 s c qO - 4 r2 m R2 s c QO + 2 r2 m R2 s c QO qO 
2442 2422 244 + 2 r2 m R2 s c qO - 4 r2 m R2 s c QO + 2 r2 m R2 s c QO qO 

+ 12 r 2 4 m R2 2 s ta QO qO - r 2 111 R2 5 s 2 c 3 QO 2 + 24 r 2 4 m R2 2 s ta QO 2 » fil + qO ( 
2422 242 5232 2442 -r2 m R2 s c qO - 4 r2 m R2 s c QO qO - r2 m R2 fi c qO - 4 r2 m R2 s c QO 

523 2442 2422 + 2 r2 m R2 8 c QO qO + 2 r2 m R2 s c qO - 4 r2 m R2 fi c QO 
244 42 5232 + 2 r2 m R2 s c QO qO + 12 r2 m R2 s ta QO qO - r2 m R2 s c QO 

4 2 2 + 24 r2 m R2 s ta QO ) 
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l 
> epsilonl:=coeff(RHS3epsilon,epsilon,l)i 

el ;= (qO + qi si) (24 (QO + Qi s1)2 Ri 3 r2 3 + 12 (QO + Qi s1) Ri 3 r2 3 (qO + qi s1) 

+ 24 (QO + Qi 8i)2 Ri 3 r2 3 ta 2 + 12 (QO + Qi 81)2 Ri 3 r2 2 R2 + 24 (QO + Q1 81)2 R1 2 r2 2 R2 2 
223 44 22 54 2 + 48 (QO + Q1 81) Ri r2 R2 - m R2 8 C (qO + qi s1) Ri - 2 m R2 sc (qO + qi s1) Ri 

44 22 54 22 - m R2 sc (qO + q1 8i) r2 ta Ri - 2 m R2 sc (qO + qi s1) r2 ta 
332 33 22 + 12 (QO + QI 81) RI r2 ta (qO + q1 s1) + 48 m R2 8 r2 (QO + Qi si) ta 

52 2 44 22 + 12 m R2 sc r2 (QO + Q1 si) - m R2 sc (QO + Qi si) Ri 
22 22 32 2 - 12111 R2 8 r2 (QO + QI si) Ri - 24 m R2 s r2 (QO + Qi s1) Ri 
532 2 432 2 + 12 m R2 s c (QO + Q1 s1) r2 + 6 m R2 s c (QO + Qi s1) r2 Ri 

+ 6 m R2 4 s c 2 r2 (QO + Qi s1)2 Ri - 12 (QO + Qi si) Ri 3 r2 2 R2 (qO + qi s1) 
5 4 2 .54 2 2 

- 2 m R2 sc (QO + Qi s1) Ri - 2 m R2 sc (QO + Qi s1) r2 ta 
2232 23 22 + 48 (QO + QI s1) Ri r2 ta R2 + 24 m R2 s r2 (QO + QI s1) ta Ri 

+ 12111 R2 2 s r2 2 (QO + Qi si) Ri 2 (qO + qi si) + 24 m R2 3 s r2 2 (QO + Qi sI) Ri (qO + qi s1) 
53252 - 12 m R2 8 C r2 (QO + Qi s1) (qO + qi 81) + 6 m R2 sc r2 (QO + Qi S1) (qO + qi s1) 

44 22 222 
- ln R2 sc (QO + Qi si) r2 ta Ri - 24 (QO + Qi s1) Ri r2 R2 (qO + qi si) 

3 3 2 4 4 2 + 24 m R2 s r2 (QO + Qi s1) ta (qO + qi s1) + 2 m R2 sc (QO + Qi si)(qO + qi s1) Ri 
5 4 5 4 2 + 4 m R2 sc (QO + Qi si) (qO + qi s1) RI + 4 m R2 sc (QO + Qi s1) (qO + qi s1) r2 ta 

+ 24 (QO + QI s1) RI 2 r2 3 (qO + qi sI) R2 + 24 (QO + Qi s1) Ri 2 r2 3 ta 2 (qO + q1 s1) R2 

+ 12 m R2 2 s r2 3 (QO + Qi s1) ta 2 (qO + qi s1) Ri - 6 m R2 4 s 3 c 2 r2 (QO + Qi si)(qO + qi s1) Ri 
4 2 442 + 3 m R2 8 C r2 (QO + Qi s1) (qO + qi s1) Ri + 2 m R2 sc (QO + Qi si) (qO + qi s1) r2 ta Ri) 

> epsilon2:=collect(epsilonl,sl); 

cl ;= qi (24QI 2 Ri 3 r2 3 + 12 Qi Ri 3 r2 3 qi + 24 Qi 2 Ri 3 r2 3 ta 2 + 12 Qi 2 Ri 3 r2 2 R2 
+ 24 Qi 2 Ri 2 r2 2 R2 2 + 48 Qi 2 RI 2 r2 3 R2 _ m R2 4 sc 4 qI 2 Ri 2 _ 2 m R2 5 s c 4 qi 2 RI 

52 2 4422 5422 + 12111 R2 sc r2 QI - m R2 sc qi r2 ta RI - 2 111 R2 sc qi r2 ta 
332 3322 4422 + 12 Qi Ri r2 ta qi + 48 m R2 s r2 QI ta - m R2 sc QI RI 
2222 322 5322 - 12 m R2 s r2 QI RI - 24 m R2 s r2 Qi RI + 12 m R2 s c Qi r2 
4322 42 2 32 542 + 6 m R2 s c Qi r2 RI + 6 111 R2 sc r2 QI RI - 12 QI RI r2 R2 qi - 2 m R2 sc QI RI 

_ 2 m R2 5 s c 4 QI 2 r2 ta 2 + 48 QI 2 RI 2 r2 3 ta 2 R2 + 4 m R2 5 s c 4 QI qi Ri 

+ 24 m R2 2 s r2 3 QI 2 ta 2 Ri + 12111 R2 2 s r2 2 QI Ri 2 qi + 24 111 R2 3 s r2 2 Qi Ri qi 
532 52 4422 - 12 m R2 s c r2 QI qi + 6 111 R2 sc r2 QI qi - m R2 sc QI r2 ta RI 

- 24 Qi RI 2 r2 2 R2 2 qi + 24 m R2 3 s r2 3 QI ta 2 qi + 2 m R2 4 s c 4 QI qi RI 2 

+ 4 m R2 5 s c 4 QI qi r2 ta 2 + 24 QI Ri 2 r2 3 qi R2 + 24 QI RI 2 r2 3 ta 2 qi R2 
23 2 432 42 + 12 m R2 s r2 QI ta qi RI - 6 m R2 s c r2 QI qi RI + 3 m R2 sc r2 Qi qi RI 

+ 2 m R2 4 sc 4 QI qi r2 ta 2 RI) sI 3 + (qO (24 QI 2 RI 3 r2 3 + 12 QI RI 3 r2 3 qi 
+ 24 QI 2 RI 3 r2 3 ta 2 + 12 QI 2 RI 3 r2 2 R2 + 24 QI 2 RI 2 r2 2 R2 2 + 48 QI 2 RI 2 r2 3 R2 

4422 542 52 2 4422 - m R2 s c qI RI - 2 m R2 sc qi RI + 12 m R2 sc r2 QI - m R2 sc qi r2 ta RI 
_ 2 m R2 5 s c 4 qI 2 r2 ta 2 + 12 QI RI 3 r2 3 ta 2 qi + 48 m R2 3 s r2 3 QI 2 ta 2 

_ m R2 4 s c 4 QI 2 RI 2 

_ 12 m R2 2 s r2 2 QI 2 RI 2 - 24 m R2 3 s r2 2 Qi 2 RI + 12 m R2 5 s3 c 2 QI 2 r2 

+ 6 m R2 4 s 3 c 2 QI 2 r2 RI + 6 m R2 4 s c 2 r2 QI 2 RI - 12 QI RI 3 r2 2 R2 qi - 2 m R2 5 s c 4 QI 2 RI 

_ 2 m R2 5 s c 4 QI 2 r2 ta 2 + 48 QI 2 Ri 2 r2 3 ta 2 R2 + 4 m R2 5 s c 4 QI qi Ri 
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+ 24 m R2 2 s r 2 3 QI 2 ta 2 RI + 12 m R2 2 s r 2 2 QI RI 2 q 1 + 24 m R2 3 s r 2 2 QI RI q 1 
532 52 4422 - 12 m R2 s c r2 QI qi + 6 m R2 sc r2 QI qi - m R2 sc QI r2 ta Ri 
222 33 2 44 2 - 24 QI RI r2 R2 qi + 24 m R2 s r2 QI ta qi + 2 m R2 sc QI qi RI 

+ 4 m R2 5 s c 4 QI qi r2 ta 2 + 24 QI RI 2 r2 3 qi R2 + 24 QI RI 2 r2 3 ta 2 qi R2 
23 2 432 42 + 12 m R2 s r2 QI ta qi RI - 6 m R2 s c r2 QI qi RI + 3 m R2 sc r2 QI qi RI 
44 2 54 54 2 +2mR2 sc QIqIr2ta RI)+qi(4(mR2 sc QOqi+mR2 sc QIqO)r2ta 

+ 48 QO QI Ri 3 r2 3 + 12 QO RI 3 r2 3 qi + 12 QI RI 3 r2 3 qO + 48 QO QI RI 3 r2 3 ta 2 

+ 24 QO QI Ri
3 

r2
2 

R2 + 48 QO QI RI 2 r2 2 R2
2 + 96 QO QI RI 2 r2 3 R2 - 2 m R2 4 sc 4 qO qi RI 2 

54 44 2 54 2 - 4 m R2 8 c qO qi RI - 2 m R2 sc qO qi r2 ta RI - 4 m R2 sc qO qi r2 ta 

+ 12 QO RI 3 r2 3 ta 2 qi + 12 QI RI 3 r2 3 ta 2 qO + 96 m R2 3 s r2 3 QO QI ta 2 

52 44 2 22 2 + 24 m R2 sc r2 QO QI - 2 m R2 sc QO QI RI - 24 m R2 s r2 QO QI RI 
- 48 m R2 3 

s r2 2 QO QI RI + 24 m R2 5 
8

3 c 2 QO Qi r2 + 12 m R2 4 
s3 c 2 QO QI r2 RI 

+ 12 m R2 4 s c 2 r2 QO QI RI - 12 QO RI 3 r2 2 R2 qI - 12 QI RI 3 r2 2 R2 qO 
- 4 m R2 5 s c 4 QO QI RI - 4 m R2 5 s c 4 QO QI r2 ta 2 

44 44 2 232 + 2 (m R2 sc QO qi + m R2 sc QI qO) r2 ta RI + 96 QO QI Ri r2 ta R2 
23 2 22 2 22 2 + 48 m R2 8 r2 QO QI ta RI + 12 m R2 s r2 QO RI qi + 12 m R2 s r2 QI RI qO 
32 32 532 + 24 m R2 8 r2 QO RI qi + 24 m R2 s r2 QI Ri qO - 12 m R2 s c r2 QO qi 

- 12 m R2 5 
8

3 c 2 r2 Qi qO + 6 m R2 5 s c 2 r2 QO qi + 6 m R2 5 s c 2 r2 QI qO 
44 2 44 44 2 - 2 m R2 8 c QO QI r2 ta RI + 2 (m R2 sc QO qi + m R2 sc QI qO) RI 

+ 4 (m R2 5 s c 4 QO qi + m R2 5 s c 4 QI qO) RI + 24 (QO RI 2 r2 3 qi + Qi RI 2 r2 3 qO) R2 

+ 24 (QO RI 2 r2 3 ta 2 qi + QI Ri 2 r2 3 ta 2 qO) R2 
+ 12 (m R2 2 

8 r2 3 QO ta 2 qi + m R2 2 s r2 3 QI ta 2 qO) RI - 24 QO RI 2 r2 2 R2 2 qi 

- 24 QI Ri 2 r2 2 R2 2 qO + 24 m R2 3 
8 r2 3 QO ta 2 qi + 24 m R2 3 

8 r2 3 QI ta 2 qO 
432 432 - 6 (m R2 s c r2 QO qi + m R2 8 C r2 Qi qO) RI 
42 42 2 54 + 3 (m R2 sc r2 QO qi + m R2 8 C r2 QI qO) RI)) 81 + (qO (4 (m R2 8 c QO qi 

+ m R2 5 
8 c 4 QI qO) r2 ta 2 + 48 QO QI RI 3 r2 3 + 12 QO RI 3 r2 3 q 1 + 12 QI RI 3 r2 3 qO 

+ 48 QO QI RI 3 r2 3 ta 2 + 24 QO QI Ri 3 r2 2 R2 + 48 QO QI RI 2 r2 2 R2 2 + 96 QO QI Ri 2 r2 3 R2 
44 2 54 44 2 - 2 m R2 8 c qO qi Ri - 4 m R2 sc qO qi RI - 2 m R2 sc qO qi r2 ta RI 

-4m R2 5 s c 4 qOqi r2 ta 2 + 12 QORI 3 r2 3 ta 2 qi + 12 QI RI 3 r2 3 ta 2 qO 
33 2 52 44 2 + 96 m R2 s r2 QO QI ta + 24 m R2 sc r2 QO QI - 2 m R2 sc QO Qi Ri 

- 24 m R2 2 s r2 2 QO QI RI 2 - 48 m R2 3 s r2 2 QO QI RI + 24 m R2 5 s 3 c 2 QO QI r2 

+ 12 m R2 4 s 3 c 2 QO QI r2 RI + 12 m R2 4 s c 2 r2 QO Qi RI - 12 QO RI 3 r2 2 R2 qi 
32 54 54 2 - 12 QI Ri r2 R2 qO - 4 m R2 sc QO Qi RI - 4 m R2 sc QO QI r2 ta 

+ 2 (m R2 4 s c 4 QO qi + m R2 4 s c 4 QI qO) r2 ta 2 Ri + 96 QO Qi RI 2 r2 3 ta 2 R2 
23 2 22 2 22 2 + 48 m R2 s r2 QO QI ta RI + 12 m R2 s r2 QO RI qi + 12 m R2 s r2 QI RI qO 

+ 24 m R2 3 s r2 2 QO RI qi + 24 m R2 3 s r2 2 QI RI qO - 12 m R2 5 s 3 c 2 r2 QO qi 

_ 12 m R2 5 s 3 c 2 r 2 Qi qO + 6 m R2 5 s c 2 r 2 QO q I + 6 m R2 5 s c 2 r 2 QI qO 

- 2 m R2 4 sc 4 QO QI r2 ta 2 RI + 2 (m R2 4 s c 4 QO qi + m R2 4 s c 4 QI qO) Ri
2 

+ 4 (m R2 5 
8 c 4 QO qi + m R2 5 s c 4 Qi qO) RI + 24 (QO Ri 2 r2 3 qi + Qi RI 2 r2 3 qO) R2 

+ 24 (QO Ri 2 r2 3 ta 2 qi + QI RI 2 r2 3 ta 2 qO) R2 

+ 12 (m R2 2 s r2 3 QO ta 2 qi + m R2 2 
8 r2 3 QI ta

2 
qO)RI - 24 QO RI

2 
r2

2 
R2

2 
qi 

_ 24 QI Ri 2 r2 2 R2 2 qO + 24 m R2 3 s r2 3 QO ta 2 qi + 24 m R2 3 
8 r2 3 QI ta

2 
qO 
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[ 

· 432 432 -6(mR2 sc r2QOqi+mR2 sc r2QiqO)Ri 

+ 3 (m R2 4 s c 2 r2 QO qi + m R2 4 s c 2 r2 Qi qO)Ri) + qi (24 Q02 Ri 3 r2 3 -12 QORi 3 r2 2 R2qO 

+ 12 QO Ri 3 r2 3 qO + 24 Q02 Ri 3 r2 3 ta 2 + 12 QO 2 Ri 3 r2 2 R2 + 24 Q02 Ri 2 r2 2 R2 2 

223 4422 542 52 2 + 48 QO Ri r2 R2 - m R2 sc qO Ri - 2 m R2 sc qO Ri + 12 m R2 sc r2 QO 
4422 5422 332 - m R2 sc qO r2 ta Ri - 2 m R2 sc qO r2 ta + 12 QO Ri r2 ta qO 

+ 48 m R2 3 s r2 3 Q02 ta 2 - m R2 4 s c 4 Q02 Ri 2 -12 m R2 2 s r2 2 Q02 Ri 2 

- 24 m R2 3 s r2 2 Q02 Ri + 12 m R2 5 s3 c 2 Q02 r2 + 6 m R2 4 s3 c 2 Q02 r2 Ri 
42 2 542 5422 + 6 m R2 s c r2 QO Ri - 2 m R2 s c QO Ri - 2 m R2 s c QO r2 ta 
2232 54 2322 + 48 QO Ri r2 ta R2 + 4 m R2 s c QO qO Ri + 24 m R2 s r2 QO ta Ri 
22 2 32 532 + 12 m R2 s r2 QO Ri qO + 24 m R2 s r2 QO Ri qO - 12 m R2 s c r2 QO qO 
52 4422 222 + 6 m R2 s c r2 QO qO - m R2 s c QO r2 ta Ri - 24 QO Ri r2 R2 qO 
33 2 44 2 54 2 + 24 m R2 s r2 QO ta qO + 2 m R2 s c QO qO Ri + 4 m R2 s c QO qO r2 ta 

+ 24 QO Ri 2 r2 3 qO R2 + 24 QO Ri 2 r2 3 ta 2 qO R2 + 12 m R2 2 s r2 3 QO ta 2 qO Ri 
432 42 44 2 - 6 m R2 s c r2 QO qO Ri + 3 m R2 s c r2 QO qO Ri + 2 m R2 s c QO qO r2 ta Ri» si + qO 

(24 QO 2 Ri 3 r2 3 _ 12 QO Ri 3 r2 2 R2 qO + 12 QO Ri 3 r2 3 qO + 24 QO 2 Ri 3 r2 3 ta 2 

+ 12 QO 2 Ri 3 r2 2 R2 + 24 QO 2 Ri 2 r2 2 R2 2 + 48 QO 2 Ri 2 r2 3 R2 _ m R2 4 sc 4 q02 Ri 2 

542 52 2 4422 5422 - 2 m R2 s c qO Ri + 12 m R2 s c r2 QO - m R2 s c qO r2 ta Ri - 2 m R2 s c qO r2 ta 

+ 12 QO Ri 3 r 2 3 ta 2 qO + 48 m R2 3 s r 2 3 QO 2 ta 2 _ m R2 4 s c 4 QO 2 Ri 2 

-12 m R2 2 s r2 2 Q02 Ri 2 - 24 m R2 3 s r2 2 Q02 Ri + 12 m R2 5 s3 c 2 Q02 r2 
4322 42 2 542 + 6 m R2 s c QO r2 Ri + 6 m R2 s c r2 QO Ri - 2 m R2 s c QO Ri 
5422 2232 54 - 2 m R2 s c QO r2 ta + 48 QO Ri r2 ta R2 + 4 m R2 s c QO qO Ri 

+ 24 m R2 2 s r2 3 QO 2 ta 2 Ri + 12 m R2 2 s r2 2 QO Ri 2 qO + 24 m R2 3 s r2 2 QO Ri qO 
532 52 4422 - 12 m R2 s c r2 QO qO + 6 m R2 sc r2 QO qO - m R2 sc QO r2 ta Ri 
222 33 2 44 2 - 24 QO Ri r2 R2 qO + 24 m R2 s r2 QO ta qO + 2 m R2 s c QO qO Ri 

54 2 23 232 + 4 m R2 s c QO qO r2 ta + 24 QO Ri r2 qO R2 + 24 QO Ri r2 ta qO R2 

+ 12 m R2 2 s r2 3 QO ta 2 qO Ri- 6 m R2 4 s3 c 2 r2 QO qO Ri + 3 m R2 4 s c 2 r2 QO qO Ri 
4 4 2 + 2 m R2 s c QO qO r2 ta Ri) 

[, DS,=coeff(LHS3,s1 A S); 
D5 ;=0 

[, 

[, 

D4:=coeff(LHS3,slÀ 4 ); 

D3:=coeff(LHS3,slÀ3)i 

D4 ;=0 

D3 ;=0 

[

> D2:=coeff(LHS3,slA2)i 

D2 ;= 4 r2 2 (2 r2 Qi + r2 qi + 2 r2 ta 2 Qi + r2 ta 2 qi + R2 Qi - R2 qi) (Ri 2 + m R22) (Ri + 2 R2)(2 Qi 
+ qi) 

r
> Dl:=coeff(LHS3,sl); 

Di ;= 4 r2 2 (2 r2 QO + r2 qO + 2 r2 ta 2 QO + r2 ta 2 qO + R2 QO - R2 qO) (Ri 
2 + m R22) (Ri + 2 R2) (2 Qi 

+ qi) + 4 r2 2 (2 r2 Qi + r2 qi + 2 r2 ta 2 Qi + r2 ta 2 qi + R2 Qi - R2 qi) (Ri 2 + m R22) (Ri + 2 R2) 
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l (2 QO + qO) 

[

> DO:=coeff(LHS3,sl,O); 

DO := 4 r2
2 

(2 r2 QO + r2 qO + 2 r2 ta 2 QO + r2 ta 2 qO + R2 QO - R2 qO) (Ri 2 + m R22) (Ri + 2 R2)(2 QO 
+ qO) 

[> ES,=coeff(epsilon2,sl'S); 
E5:=O 

[> E4,=coeff(epsilon2,slA4); 
E4:=O 

> E3:=coeff(epsilon2,slÀ3); 

E3 :=qi (24 Qi 2 Ri 3 r2 3 + 12 Qi Ri 3 r2 3 qi + 24 Qi 2 Ri 3 r2 3 ta 2 + 12 Qi 2 Ri 3 r2 2 R2 
+ 24 QI 2 RI 2 r2 2 R2 2 + 48 Qi 2 RI 2 r2 3 R2 _ m R2 4 sc 4 qi 2 Ri 2 _ 2 m R2 5 s c 4 qI 2 RI 

+ 12 m R2 5 s c 2 r2 QI 2 - m R2 4 s c 4 qi 2 r2 ta 2 RI - 2 m R2 5 s c 4 qI 2 r2 ta 2 
332 3322 4422 + 12 Qi RI r2 ta qi + 48 m R2 s r2 Qi ta - m R2 s c Qi Ri 

- 12 m R2 2 s r2 2 QI 2 Ri 2 _ 24 m R2 3 s r2 2 Qi 2 RI + 12 m R2 5 s 3 c 2 QI 2 r2 
+ 6 m R2 4 s 3 c 2 Qi 2 r2 Ri + 6 m R2 4 s c 2 r2 Qi 2 Ri - 12 Qi Ri 3 r2 2 R2 qi - 2 m R2 5 s c 4 Qi 2 Ri 

- 2 m R2 5 s c 4 Qi 2 r2 ta 2 + 48 Qi 2 Ri 2 r2 3 ta 2 R2 + 4 m R2 5 s c 4 Qi qi Ri 
+ 24 m R2 2 s r 2 3 Qi 2 ta 2 Ri + 12 m R2 2 s r 2 2 Qi Ri 2 q i + 24 m R2 3 s r 2 2 Qi Ri q i 

532 52 4422 - 12 m R2 s c r2 Qi qi + 6 m R2 sc r2 Qi qi - m R2 sc Qi r2 ta Ri 
222 33 2 44 2 - 24 Qi Ri r2 R2 qi + 24 m R2 s r2 Qi ta qi + 2 m R2 sc Qi qi Ri 

+ 4 m R2 5 s c 4 Qi qi r2 ta 2 + 24 Qi Ri 2 r2 3 qi R2 + 24 Qi Ri 2 r2 3 ta 2 qi R2 
23 2 432 42 + 12 m R2 s r2 Qi ta qi Ri - 6 m R2 s c r2 Qi qi Ri + 3 m R2 sc r2 Qi qi RI 

4 4 2 + 2 m R2 sc Qi qi r2 ta Ri) 

> E2:=coeff(epsilon2,slÀ 2 ); 

E2 := qO (24 Qi 2 Ri 3 r2 3 + 12 Qi Ri 3 r2 3 qI + 24 Qi 2 Ri 3 r2 3 ta 2 + 12 Qi 2 Ri 3 r2 2 R2 
+ 24 Qi 2 Ri 2 r2 2 R2 2 + 48 Qi 2 Ri 2 r2 3 R2 _ m R2 4 s c 4 qi 2 Ri 2 _ 2 m R2 5 s c 4 q i 2 Ri 

52 2 4422 5422 + 12 m R2 sc r2 Qi - m R2 sc qi r2 ta Ri - 2 m R2 sc qi r2 ta 
332 3322 4422 + 12 QI Ri r2 ta qI + 48 m R2 s r2 Qi ta - m R2 sc Qi Ri 

- 12 m R2 2 s r2 2 Qi 2 Ri 2 
_ 24 m R2 3 s r2 2 QI 2 Ri + 12 m R2 5 s 3 c 2 Qi 2 r2 

4322 42 2 32 542 + 6 m R2 s c Qi r2 Ri + 6 m R2 sc r2 Qi Ri - 12 Qi Ri r2 R2 qi - 2 m R2 sc Qi Ri 
5422 2232 54 - 2 m R2 sc Qi r2 ta + 48 Qi Ri r2 ta R2 + 4 m R2 sc Qi qi Ri 
2322 22 2 32 + 24 m R2 s r2 Qi ta Ri + 12 m R2 s r2 Qi Ri qi + 24 m R2 s r2 Qi Ri qi 
532 52 4422 -12mR2 s c r2Qiqi+6mR2 sc r2Qiqi-mR2 sc Qi r2ta Ri 
222 33 2 44 2 - 24 QI RI r2 R2 qI + 24 m R2 s r2 QI ta qI + 2 m R2 sc Qi qi Ri 

54 2 23 232 + 4 m R2 sc Qi qi r2 ta + 24 Qi Ri r2 qi R2 + 24 Qi Ri r2 ta qi R2 
23 2 432 42 + 12 m R2 s r2 QI ta qi Ri - 6 m R2 s c r2 Qi qi Ri + 3 m R2 sc r2 Qi qi Ri 
44 2 54 54 2 +2mR2 .'le Qiqir2ta Ri)+qi(4(mR2 sc QOqi+mR2 sc QiqO)r2ta 

+ 48 QO Qi Ri 3 r2 3 + 12 QO Ri 3 r2 3 qi + 12 Qi Ri 3 r2 3 qO + 48 QO Qi Ri 3 r2 3 ta 2 

+ 24 QO Qi Ri 3 r2 2 R2 + 48 QO Qi Ri 2 r2 2 R2 2 + 96 QO Qi Ri 2 r2 3 R2 - 2 m R2 4 s c 4 qO qi Ri 2 

54 44 2 54 2 -4mR2 sc qOqiRi-2mR2 sc qOqir2ta Ri-4mR2 sc qOqir2ta 
+ 12 QO Ri 3 r2 3 ta 2 qi + 12 Qi Ri 3 r2 3 ta 2 qO+ 96 m R2 3 s r2 3 QO Qi ta 2 
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[ 

+ 24 m R2
5 

s c
2 

r2 QO Qi - 2 m R2 4 s e 4 QO Qi Ri 2 
- 24 m R2 2 s r2 2 QO Qi Ri 2 

- 48 m R2 3 s r2 2 QO Qi Ri + 24 m R2 5 s 3 c 2 QO Qi r2 + 12 m R2 4 s 3 c 2 QO Qi r2 Ri 

+ 12 m R2
4 

s c
2 

r2 QO Qi Ri - 12 QO Ri 3 r2 2 R2 qi - 12 Qi RI 3 r2 2 R2 qO 
5 4 5 4 2 - 4 m R2 sc QO QI Ri - 4 m R2 sc QO Qi r2 ta 

+ 2 (m R2 4 sc 4 QO qi + m R2 4 s c 4 Qi qO) r2 ta 2 Ri + 96 QO Qi Ri 2 r2 3 ta 2 R2 

+ 48 m R2
2 

s r2 3 QO QI ta 2 RI + 12 m R2 2 s r2 2 QO RI 2 qi + 12 m R2 2 s r2 2 Qi Ri 2 qO 

+ 24 m R2 3 s r2 2 QO Ri qi + 24 m R2 3 s r2 2 Qi Ri qO - 12 m R2 5 s 3 c 2 r2 QO qi 
532 52 52 - 12 m R2 s e r2 Qi qO + 6 m R2 sc r2 QO qi + 6 m R2 sc r2 Qi qO 
44 2 44 44 2 

- 2 m R2 sc QO Qi r2 ta Ri + 2 (m R2 sc QO qi + m R2 sc Qi qO) Ri 

+ 4 (m R2 5 
oS c 4 QO qi + m R2 5 oS c 4 Qi qO) Ri + 24 (QO Ri 2 r2 3 qi + Qi Ri 2 r2 3 qO) R2 

+ 24 (QO Ri 2 r2 3 ta 2 qi + Qi Ri 2 r2 3 ta 2 qO) R2 
23 2 23 2 222 +12(mR2 sr2 QOta qi+mR2 sr2 Qita qO)Ri-24QORi r2 R2 qi 

- 24 Qi RI 2 r2 2 R2 2 qO + 24 m R2 3 s r2 3 QO ta 2 qi + 24 m R2 3 s r2 3 QI ta 2 qO 
432 432 

- 6 (m R2 s c r2 QO qi + m R2 s e r2 QI qO) Ri 
4 2 4 2 + 3 (m R2 sc r2 QO qi + m R2 sc r2 Qi qO) Ri) 

> El:=coeff(epsilon2,sl)i 

El := qO (4 (m R2 5 sc 4 QO qi + m R2 5 s c 4 QI qO) r2 ta 2 + 48 QO QI RI 3 r2 3 + 12 QO RI 3 r2 3 qi 

+ 12 QI RI 3 r2 3 qO + 48 QO QI RI 3 r2 3 ta 2 + 24 QO QI Ri 3 r2 2 R2 + 48 QO Qi RI 2 r2 2 R2 2 

23 44 2 54 + 96 QO QI RI r2 R2 - 2 111 R2 sc qO qi Ri - 4 m R2 sc qO qi Ri 
44 2 54 2 332 - 2 m R2 sc qO qi r2 ta Ri- 4 m R2 sc qO qi r2 ta + 12 QO Ri r2 ta qi 

+ 12 QI Ri 3 r2 3 ta 2 qO+96mR2 3 sr2 3 QOQi ta 2 +24mR2 5 se 2 r2 QOQI 
44 2 22 2 32 - 2 m R2 s e QO Qi Ri - 24 m R2 s r2 QO QI Ri - 48 m R2 s r2 QO QI RI 

+ 24 m R2 5 s3 c 2 QO QI r2 + 12 m R2 4 s3 c 2 QO Qi r2 Ri + 12 m R2 4 s e 2 r2 QO QI RI 
32 32 54 54 2 - 12 QO RI r2 R2 qi - 12 QI RI r2 R2 qO - 4 m R2 sc QO QI RI - 4 m R2 sc QO Qi r2 ta 
44 44 2 232 + 2 (m R2 sc QO qi + m R2 sc Qi qO) r2 ta Ri + 96 QO Qi RI r2 ta R2 

+ 48 m R2 2 s r2 3 QO QI ta 2 RI + 12 m R2 2 s r2 2 QO RI 2 qi + 12 m R2 2 s r2 2 QI RI 2 qO 
32 32 532 + 24 m R2 s r2 QO RI qi + 24 m R2 s r2 QI Ri qO - 12 m R2 s c r2 QO qi 

-12 m R2 5 s3 c 2 r2 QI qO + 6 m R2 5 s c 2 r2 QO qi + 6 m R2 5 s e 2 r2 QI qO 
44 2 44 44 2 - 2 111 R2 sc QO Qi r2 ta RI + 2 (m R2 sc QO qi + m R2 sc Qi qO) Ri 

+ 4 (m R2 5 
.'1 c 4 QO qi + m R2 5 s c 4 Qi qO) Ri + 24 (QO Ri 2 r2 3 qi + QI Ri 2 r2 3 qO) R2 

+ 24 (QO Ri 2 r2 3 ta 2 qi + QI RI 2 r2 3 ta 2 qO) R2 
23 2 23 2 222 + 12 (m R2 .'1 r2 QO ta qi + m R2 oS r2 QI ta qO) RI - 24 QO RI r2 R2 qi 

- 24 QI RI 2 r2 2 R2 2 qO + 24 m R2 3 s r2 3 QO ta 2 qi + 24 m R2 3 s r2 3 QI ta 2 qO 
432 432 - 6 (m R2 .'1 C r2 QO qi + m R2 s c r2 Qi qO) RI 

+ 3 (m R2 4 s c 2 r2 QO qi + m R2 4 s c 2 r2 Qi qO) Ri) + qi (24 Q02 Ri 3 r2 3 
- 12 QO RI 3 r2 2 R2 qO 

+ 12 QO RI 3 r2 3 qO + 24 QO 2 RI 3 r2 3 ta 2 + 12 QO 2 RI 3 r2 2 R2 + 24 QO 2 RI 2 r2 2 R2 2 

+ 48 QO 2 RI 2 r2 3 R2 _ m R2 4 s c 4 qO 2 RI 2 _ 2 111 R2 5 
.'1 c 4 qO 2 RI + 12 m R2 5 s c 2 r2 QO 2 

4422 5422 332 - m R2 .'1 c qO r2 ta Ri - 2 m R2 .'1 C qO r2 ta + 12 QO Ri r2 ta qO 

+ 48 m R2 3 
.'1 r2 3 Q02 ta 2 _ m R2 4 

.'1 c 4 QO 2 RI 2 _ 12 m R2 2 
.'1 r2 2 QO 2 RI 2 

_ 24 m R2 3 
.'1 r2 2 QO 2 Ri + 12 m R2 5 

.'1
3 c 2 Q02 r2 + 6 m R2 4 

.'1
3 c 2 QO 2 r2 RI 
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42 2 542 5422 + 6 m R2 s c r2 QO RI - 2 m R2 s c QO RI - 2 m R2 s c QO r2 ta 

+ 48 QO 2 RI 2 r2 3 ta 2 R2 + 4 m R2 5 s c 4 QO qO RI + 24 m R2 2 s r2 3 QO 2 ta 2 RI 
22 2 32 532 + 12 m R2 s r2 QO RI qO + 24 m R2 s r2 QO RI qO - 12 m R2 s c r2 QO qO 

·52 4422 222 + 6 m R2 s c r2 QO qO - m R2 s c QO r2 ta RI - 24 QO RI r2 R2 qO 
33 2 44 2 54 2 + 24 m R2 s r2 QO ta qO + 2 m R2 s c QO qO RI + 4 m R2 s c QO qO r2 ta 

+ 24 QO RI 2 r2 3 qO R2 + 24 QO RI 2 r2 3 ta 2 qO R2 + 12 m R2 2 s r2 3 QO ta 2 qO RI 
432 42 44 2 - 6 m R2 s c r2 QO qO RI + 3 m R2 s c r2 QO qO RI + 2 m R2 s c QO qO r2 ta RI) 

> EO:=coeff(epsilon2,sl,O); 

EO :=qO (24 Q02 RI 3 r2 3 -12 QO RI 3 r2 2 R2qO + 12 QO RI 3 r2 3 qO + 24 Q02 RI 3 r2 3 ta 2 

+ 12 QO 2 RI 3 r 2 2 R2 + 24 QO 2 RI 2 r 2 2 R2 2 + 48 QO 2 RI 2 r 2 3 R2 _ m R2 4 s c 4 qO 2 RI 2 

542 52 2 4422 5422 - 2 m R2 s c qO RI + 12 m R2 s c r2 QO - m R2 s c qO r2 ta RI - 2 m R2 s c qO r2 ta 
332 3322 4422 + 12 QO RI r2 ta qO + 48 m R2 s r2 QO ta - m R2 sc QO RI 
2222 322 5322 

- 12 m R2 s r2 QO RI - 24 m R2 s r2 QO RI + 12 m R2 s c QO r2 
4322 42 2 542 + 6 m R2 s c QO r2 RI + 6 m R2 sc r2 QO RI - 2 m R2 sc QO RI 

_ 2 m R2 5 s c 4 QO 2 r2 ta 2 + 48 QO 2 RI 2 r2 3 ta 2 R2 + 4 m R2 5 s c 4 QO qO RI 
2322 22 2 32 + 24 m R2 s r2 QO ta RI + 12 m R2 s r2 QO RI qO + 24 m R2 s r2 QO RI qO 
532 ·52 4422 - 12 m R2 s c r2 QO qO + 6 m R2 sc r2 QO qO - m R2 sc QO r2 ta RI 
222 33 2 44 2 - 24 QO RI r2 R2 qO + 24 m R2 s r2 QO ta qO + 2 m R2 s c QO qO RI 

+ 4 m R2 5 s c 4 
QO qO r2 ta 2 + 24 QO RI 2 r2 3 qO R2 + 24 QO RI 2 r2 3 ta 2 qO R2 

23 2 432 42 + 12 m R2 s r2 QO ta qO RI - 6 m R2 s c r2 QO qO RI + 3 m R2 sc r2 QO qO RI 
4 4 2 + 2 m R2 s c QO qO r2 ta RI) 

[, BS,=coeff(beta2,s1'S), 
B5:=O 

[, B4:=coeff(beta2,slÀ4 ); 
B4:=O 

> B3:=coeff(beta2,slÀ3); 
2442 42 5232 2422 

B3 := qI (2 r2 m R2 s c qI + 12 r2 m R2 s ta QI qI - r2 m R2 s c QI - 4 r2 m R2 8 c QI 
244 42 22422 242 + 2 r2 m R2 s c QI qI + 24 r2 m R2 s ta QI - r2 m R2 s c qI - 4 r2 m R2 s c QI qI 

5232 2442 523 - r2 m R2 s c qI - 4 r2 m R2 s c QI + 2 r2 m R2 s c QI qI) 

> B2:=coeff(beta2,slÀ2); 

B2 := qO (2 r2 2 m R2 4 
8

4 
C qI 2 + 12 r2 4 m R2 2 s ta QI qI _ r2 m R2 5 s 2 c 3 QI 2 _ 4 r2 2 m R2 4 s 2 C QI 2 

+ 2 r2 2 m R2 4 s 4 c QI qI + 24 r2 4 m R2 2 s ta QI 2 - r2 2 m R2 4 
8

2 
C qI 2 - 4 r2 2 m R2 4 s 2 c QI qI 

_ r2 m R2 5 s 2 c 3 qI 2 _ 4 r2 2 m R2 4 s 4 C QI 2 + 2 r2 m R2 5 s 2 c 3 QI qI) + qI ( 

-2 r2 m R2 5 s 2 c 3 QO QI - 8 r2 2 m R2 4 s 2 C QO QI + 48 r2 4 m R2 2 s ta QO QI - 2 r2 2 m R2 4 s 2 c qO qI 

- 4 r2 2 m R2 4 
s2 c QO qI- 4 r2 2 m R2 4 

8
2 c QI qO - 2 r2 m R2 5 s2 c 3 qO qI 

_ 8 r2 2 m R2 4 s 4 c QO QI + 2 r2 m R2 5 s 2 c 3 QO q I + 2 r2 m R2 5 s 2 c 3 QI qO 

+ 4 r2 2 m R2 4 s 4 c qO qI + 2 r2 2 m R2 4 s 4 c QO qI + 2 r2 2 m R2 4 s 4 c QI qO 

+ 12 r2 4 m R2 2 s ta QO qI + 12 r2 4 m R2 2 s ta QI qO) 

f> Bl:=coeff(beta2,sl); 
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523 242 42 Bi := qO (-2 r2 m R2 s c QO Qi - 8 r2 m R2 s c QO Qi + 48 r2 m R2 s ta QO Qi 
242 242 242 -2r2 mR2 s cqOqi-4r2 mR2 s cQOqi-4r2 mR2 s cQiqO 

523 2 44 523 -2r2mR2 s c qOqi-8r2 mR2 s cQOQi+2r2mR2 s c QOqi 
523 244 244 + 2 r2 m R2 s c Qi qO + 4 r2 m R2 s c qO qI + 2 r2 m R2 s c QO qI 

244 42 42 + 2 r2 m R2 s c QI qO + 12 r2 m R2 s ta QO qI + 12 r2 m R2 s ta QI qO) + qI ( 
2422 242 5232 2442 -r2 m R2 s c qO - 4 r2 m R2 s c QO qO - r2 m R2 s c qO - 4 r2 m R2 s c QO 

523 2442 2422 + 2 r2 m R2 s c QO qO + 2 r2 m R2 s c qO - 4 r2 m R2 s c QO 
244 42 5232 + 2 r2 m R2 s c QO qO + 12 r2 m R2 s ta QO qO - r2 m R2 s c QO 

4 2 2 + 24 r2 m R2 s ta QO ) 

> BO:=coeff(beta2,sl,O); 
,2422 242 5232 2442 

BO := qO (-r2 m R2 s c qO - 4 r2 m R2 s c QO qO - r2 m R2 s c qO - 4 r2 m R2 s c QO 
523 2442 2422 + 2 r2 m R2 s c QO qO + 2 r2 m R2 s c qO - 4 r2 m R2 s c QO 

244 42' 5232 + 2 r2 m R2 s c QO qO + 12 r2 m R2 s ta QO qO - r2 m R2 s c QO 
4 2 2 + 24 r2 m R2 s ta QO ) 
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[ 

[ 

> 

program No. 2 

Coefficients of the diffa eq. of the shear 

stress of a helix using two Kelvin models 

> with(linalg) : 

Warning, the protected names norm and trace have been redefined and 
unprotected 

f> tau:=c3*epsilon+c4*beta i 
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r := 1 (. 2 E m R2 2 [ 2. ta (1 _ 2 s 2) R2 2 s 3 + v R2
2 

(Ri + r2 ta 2) s 4 C 

(Ri + 2 R2)3 (r2 + r2 ta 2 + v R2) 4 4 (1 + v) r2 

1(1+ )R2 2 2 (1+ .2) vR22(Ri+r2ta
2
)c

3 
(l+s2) (2 J J [ -'2 v s C .s + 4 r2 + r2 ta - v Ri) r2 C s + 

___ E_R_i_4 ___ + 1 [ 2 E r2 m R22 [ R2
2 

(2 s 2 - 1) ta
2 

s 3 

2(Ri+2R2)4(1+v) (Ri+2R2)4(r2+r2ta 2 +vR2) . 4(I+v) 

+ vR2
3

s
5 

+2.R22s3(1+s2)+vR23s(l+s2)c2 +r2 2 sJJJ (J 
4 (1 + v) r2 2 4 r2 

[ 
> taul:=subs(E=3*Q*q/(2*p*Q+q*P),nu=(p*Q-q*P)/(2*p*Q+q*Pl,tau); 

r1:= 1 [6QqmR22[2.ta(1_2S2)R22S3 

(2 p Q + q P) (Ri + 2 R2)3 ( r2 + r2 ta 2 + (P Q - q P) R2J 4 
2pQ+qP 

+ (p Q - q P) R2
2 

(Ri + r2 ta 2) s 4 C _ 2. ( 1 + p Q - q P J R2 2 s 2 C (1 + s 2) 

4 (2p Q + q P) ( 1 + p Q - q P J r2 2 2p Q + q P 
2pQ+qP 

4 (2p Q + q P) r2 2p Q + q P 
+(PQ-qp)R2

2
(Ri+r2ta

2
)c

3
(1+s2)+(r2ta 2 _(PQ-qp)RiJ r2C]S] + 

3 Q q Ri
4 

------~~-------+ 

2 (2 p Q + q P) (Ri + 2 R2)4 ( 1 + p Q - q P J 
2pQ+qP 

1 [6Qqr2mR22[R22(2S2-1)ta2S3 

(2 p Q + q P) (Ri + 2 R2)4 ( r2 + r2 ta 2 + (P Q - q P) R2J 4 ( 1 + p Q - q P J 
2pQ+qP 2pQ+qP 

+ (PQ_qP) R2 3 s 5 +2.R22s3(1+s2)+(PQ-qP)R23s(1+s2)c2 +r2 2 S] 

4 (2p Q + q P) ( 1 + p Q - q P J r2 2 4 (2p Q + q P) r2 
2pQ+qP 

] P 
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[ 
[ 

> tau2:=simplify(taul)i 
1 

a:= «4 
224 2 r2 p (2 r2 p Q + r2 q P + 2 r2 ta p Q + r2 ta q P + R2 p Q - R2 q P) (Ri + 2 R2) (2 p Q + q P) 

2 422 5 522 5 5 r2 fJ RI p Q - 24 m R2 G ta s p Q r2 - 12 m R2 G ta s p Q r2 q P 
5 322 5 3 44222 + 12 m R2 ê ta s p Q r2 + 6 m R2 ê ta s p Q r2 q P + 2 m R2 ê sep Q RI 
5422 54222 44 2 + 4 m R2 ê sep Q RI + 4 m R2 ê sep Q r2 ta - m R2 ê sep Q q P RI 

_ 2 m R2 5 G s 4 cp Q q P RI - 2 m R2 5 G S 4 cp Q q P r2 ta 2 _ m R2 4 
ê s 4 c q 2 P 2 RI 2 

5422 54222 5222 - 2 m R2 ê s c q P RI - 2 111 R2 G s c q P r2 ta - 36 111 R2 G P Q s c r2 
_ 36 111 R2 5 

ê P 2 Q 2 s 4 c r 2 + 3 m R2 4 
ê c 3 P 2 Q 2 RI 2 + 6 m R2 5 ê C 3 P 2 Q 2 RI 

432222 53222 5322 2 + 3 111 R2 G C p Q RI s + 6 111 R2 G c p Q RI s + 6 m R2 ê c p Q r2 ta 
5322 22 43 2 53 + 6 m R2 ê c p Q r2 ta s - 3 m R2 ê c p Q RI q P - 6 m R2 ê C p Q RI q P 
43 22 53 2 53 2 - 3 111 R2 G c p Q Ri q P s - 6 m R2 ê C p Q RI q Ps - 6 m R2 ê c p Q r2 ta q P 
53 22 22222 22 2 - 6 m R2 Ge p Q r2 ta q P .'1 - 12 m R2 G r2 cp Q RI + 12 m R2 G r2 cp Q RI q P 
4522 45 4322 - 12 m R2 ê ta s p Q r2 RI - 6 m R2 ê ta s p Q r2 q P RI + 6 m R2 ê ta s p Q r2 RI 
43 44222 44 2 + 3 m R2 ê ta s p Q r2 q P RI + 2 m R2 ê sep Q r2 ta RI - m R2 ê sep Q q P r2 ta RI 

44222 4222 4224 
- 111 R2 ê s C q P r2 ta RI - 18 m R2 ê P Q s c r2 Ri - 18 m R2 ê P Q s c r2 Ri 

4322 2 4322 22 43 2 + 3 m R2 ê c p Q r2 ta RI + 3 m R2 ê c p Q r2 ta s Ri - 3 111 R2 ê C p Q r2 ta q P RI 
43 22 23222 33222 

- 3 m R2 ê c p Q r2 ta q P 8 RI + 24 m R2 ê r2 cp Q ta RI + 48 m R2 ê r2 cp Q ta 
23 2 33 2 3222 + 12 111 R2 G r2 cp Q ta q P RI + 24 m R2 ê r2 cp Q ta q P - 24 m R2 ê r2 cp Q RI 
32 5522 422 2 422 + 24 m R2 ê r2 cp Q RI q P + 2 r2 fJ m R2 s p Q + 2 r2 f3 RI p Q R2 + r2 f3 RI q P 

_ r2 f3 RI 4 q 2 p 2 R2 + 4 r2 2 f3 RI 4 P Q q P + 4 r2 2 f3 RI 4 p2 Q 2 ta 2 + 4 r2 2 f3 RI 4 P Q q P ta 2 

_ r2 f3 RI 4 P Q R2 q P + r2 2 f3 RI 4 q 2 P 2 ta 2 + 8 r2 2 f3 111 R2 4 s 5 ta 2 p 2 Q 2 
2 452 2 45222 2 43222 + 8 r2 f3 111 R2 s ta p Q q P + 2 r2 f3 m R2 s ta q P - 4 r2 f3 m R2 s ta p Q 

2 432 2 43222 55 
- 4 r2 f3 m R2 s ta p Q q P - r2 f3 m R2 s ta q P - r2 f3 m R2 s p Q q P 

5522 2 4322 2 43 
- r2 f3 111 R2 s q P + 12 r2 f3 m R2 s p Q + 6 r2 f3 m R2 s p Q q P 

2 4522 2 45 5222 + 12 r2 f3 m R2 s p Q + 6 r2 f3 m R2 s p Q q P +- 3 r2 fJ m R2 sep Q 
53222 52 532 + 3 r2 f3 m R2 sep Q - 3 r2 f3 m R2 sep Q q P - 3 r2 f3 m R2 sep Q q P 

+ 24 r2 4 f3 m R2 2 
8 P 2 Q 2 + 12 r2 4 f3 m R2 2 s p Q q P) q) 

[

> LHS1:=denom(tau2)i 

LHSI := 2 r2 p (2 r2 p Q + r2 q P + 2 r2 ta 2 p Q + r2 ta 2 q P + R2 p Q - R2 q P) (RI + 2 R2)4 (2 p Q + q P) 

[

> LHS2:=subs(p=l,P=l,q=qO+ql*sl,Q=QO+Ql*sl,LHS1)i 

LHS2 := 2 r2 (2 r2 (QO + QI s1) + r2 (qO + qi 81) + 2 r2 ta
2 

(QO + Q.I .'11) + r2 ta
2 

(qO + qi si) 
+ R2 (QO + QI sI) - R2 (qO + qi .'11)) (RI + 2 R2)4 (2 QO + 2 QI .'11 + qO + qi s1) 

> LHS3:=collect(LHS2,sl)i 

LHS3 := 2 r2 (2 r2 QI + r2 qi + 2 r2 ta 2 QI + r2 ta 2 qi + R2 QI - R2 qI) (RI + 2 R2)4 (2 QI + q1) 81
2 + (2 

r2 (2 r2 QO + r2 qO + 2 r2 ta 2 QO + r2 ta 2 qO + R2 QO - R2 qO)(RI + 2 R2)4 (2 QI + qI) 
+ 2 r2 (2 r2 QI + r2 qi + 2 r2 ta 2 QI + r2 ta 2 qi + R2 QI - R2 qI)(RI + 2 R2)4 (2 QO + qO)) 81 
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l + 2 r2 (2 r2 QO + r2 qO + 2 r2 ta 2 QO + r2 ta 2 qO + R2 QO - R2 qO) (Ri + 2 R2)4 (2 QO + qO) 

> RHS1:=numer(tau2)i 
2422 5522 5 5 RESi := q (4 r2 f3 Ri p Q - 24 m R2 s ta s p Q r2 - 12 m R2 s ta s p Q r2 q P 

+ 12 m R2 5 s ta 8 3 P 2 Q 2 r2 + 6 m R2 5 sla s 3 P Q r2 q P + 2 m R2 4 s s 4 cp 2 Q 2 Ri 2 
5422 54222 44 2 + 4 m R2 s sep Q Ri + 4 m R2 s sep Q r2 ta - m R2 s sep Q q P Ri 
54 54 2 44222 - 2 m R2 s sep Q q P Ri - 2 m R2 s sep Q q P r2 ta - m R2 s s c q P Ri 
5422 54222 5222 - 2 m R2 s s c q P Ri - 2 m R2 s s c q P r2 ta - 36 m R2 s p Q s c r2 
5224 43222 5322 

- 36 m R2 s p Q s c r2 + 3 m R2 sep Q Ri + 6 m R2 sep Q Ri 
432222 53222 5322 2 + 3 ni R2 sep Q Ri s + 6 m R2 sep Q Ri s + 6 m R2 sep Q r2 ta 
532222 43 2 53 + 6 m R2 sep Q r2 ta s - 3 m R2 sep Q Ri q P - 6 m R2 sep Q Ri q P 
43 22 53 2 53 2 - 3 m R2 sep Q Ri q P s - 6 m R2 sep Q Ri q P s - 6 m R2 e c p Q r2 ta q P 
53 22 22222 22 2 

- 6 m R2 sep Q r2 ta q P s - 12 m R2 s r2 cp Q Ri + 12 m R2 s r2 cp Q Ri q P 
4 522 4 5 4 322 - 12 m R2 e ta s p Q r2 Ri - 6 m R2 s ta s p Q r2 q P Ri + 6 m R2 s ta s p Q r2 Ri 
43 44222 44 2 + 3 m R2 s ta s p Q r2 q P Ri + 2 m R2 s sep Q r2 ta Ri - m R2 s sep Q q P r2 ta Ri 

44222 4222 4224 - m R2 s s c q P r2 ta Ri - 18 m R2 s p Q s c r2 Ri - 18 m R2 s p Q s c r2 Ri 
4322 2 4322 22 43 2 + 3 m R2 sep Q r2 ta Ri + 3 m R2 sep Q r2 ta s Ri - 3 m R2 e c p Q r2 ta q P Ri 
43 2 2 23222 33222 

- 3 m R2 e c p Q r2 ta q P s Ri + 24 m R2 s r2 cp Q ta Ri + 48 m R2 e r2 cp Q ta 
23 2 33 2 3222 + 12 m R2 s r2 cp Q ta q P Ri + 24 m R2 s r2 cp Q ta q P - 24 m R2 s r2 cp Q Ri 
32 5522 422 2 422 + 24 m R2 e r2 cp Q Ri q P + 2 r2 f3 m R2 s p Q + 2 r2 f3 Ri p Q R2 + r2 f3 Ri q P 

_ r2 fJ Ri 4 q 2 p 2 R2 + 4 r2 2 f3 Ri 4 P Q q P + 4 r2 2 f3 Ri 4 P 2 Q 2 ta 2 + 4 r2 2 fJ Ri 4 P Q q P ta 2 
4 24222 2 45222 

- r2 fJ Ri p Q R2 q P + r2 fJ Ri q P ta + 8 r2 fJ m R2 s ta p Q 
2 452 2 45222 2 43222 + 8 r2 fJ m R2 s ta p Q q P + 2 r2 fJ m R2 s ta q P - 4 r2 fJ m R2 s ta p Q 

2 432 2 43222 55 - 4 r2 fJ m R2 s ta p Q q P - r2 fJ m R2 s ta q P - r2 f3 m R2 s p Q q P 
5522 2 4322 2 43 - r2 fJ nI R2 s q P + 12 r2 fJ m R2 s p Q + 6 r2 f3 m R2 s p Q q P 

2 4522 2 45 5222 + 12 r2 fJ m R2 s p Q + 6 r2 f3 m R2 s p Q q P + 3 r2 f3 m R2 sep Q 
53222 52 532 + 3 r2 fJ m R2 sep Q - 3 r2 fJ m R2 sep Q q P - 3 r2 fJ m R2 sep Q q P 

4 2 2 2 4 2 + 24 r2 [i m R2 s p Q + 12 r2 fJ m R2 s p Q q P) 

> RHS2:=subs(p=1,P=1,q=qO+ql*sl,Q=QO+Ql*sl,RHS1); 
2 4 2 2 4 2 

RES2 := (qO + qi s1) (r2 fJ Ri (qO + qi s1) + 4 r2 fJ Ri (QO + Qi s1) 
54 2 44 22 - 2 m R2 s s c (qO + qi si) Ri - m R2 s s c (qO + qi si) Ri 
54 22 44 22 - 2 m R2 s s c (qO + qi si) r2 ta - m R2 s s c (qO + qi s1) r2 ta Ri 

- r2 fJ Ri 4 (qO + qI s1)2 R2 + r2 2 fJ Ri 4 (qO + qi s1)2 ta 2 + 2 r2 2 fJ m R2 4 s 5 ta 2 (qO + qi s1)2 
_ r2 2 fJ m R2 4 s 3 ta 2 (qO + qi s1)2 - r2 fJ m R2 5 s 5 (qO + qi si)2 - 24 m R2 5 e ta s 5 (QO + Qi s1)2 r2 

53 2 44 22 + 12 m R2 e ta s (QO + Qi si) r2 + 2 m R2 S 8 c (QO + Qi s1) RI 
54 2 54 22 + 4 m R2 s 8 c (QO + Qi s1) Ri + 4 m R2 s s c (QO + Qi si) r2 ta 

_ 36 m R2 5 s (QO + Qi s1)2 s 2 c r2 - 36 m R2 5 s (QO + Qi s1)2 s 4 c r2 

+ 3 m R2 4 
G c 3 (QO + Qi 81)2 Ri 2 + 6 m R2 5 s c 3 (QO + Qi s1)2 Ri 

+ 3 m R2 4 s c 3 (QO + Qi 8i)2 RI 2 s 2 + 6 m R2 5 
G c 3 (QO + Qi s1)2 Ri s 2 

+ 6 m R2 5 s c 3 (QO + Qi s1)2 r2 ta 2 + 6 m R2 5 s c 3 (QO + Qi s1)2 r2 ta 2 s2 

- 12 m R2 2 s r2 2 c (QO + Qi s1)2 Ri 2 -12 m R2 4 s tas 5 (QO + Qi s1)2 r2 Ri 
+ 6 m R2 4 s tas 3 (QO + Qi s1)2 r2 Ri + 2 m R2 4 s s4 c (QO + Qi si)2 r2 ta 2 Ri 
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[ 

4 2 2 4 2 4 
-18mR2 €(QO+Q1s1) s cr2Rl-18mR2 €(QO+Q1s1) s cr2R1 

+ 3 m R2 4 
€ c 3 (QO + Q1 sl)2 r2 ta 2 Ri + 3 m R2 4 

€ c 3 (QO + Qi s1)2 r2 ta 2 s2 Ri 

+ 24 m R2 2 
€ r2 3 c (QO + Qi s1)2 ta 2 Ri + 48 m R2 3 

G r2 3 c (QO + Qi si)2 ta 2 

- 24 m R2 3 
G r2 2 c (QO + QI s1)2 R1 + 2 r2 f3 m R2 5 s 5 (QO + QI sI)2 + 2 r2 f3 R1 4 (QO + QI s1)2 R2 

+ 4 r2 2 f3 RI 4 (QO + Q1 s1)2 ta 2 + 8 r2 2 f3 m R2 4 s 5 ta 2 (QO + QI s1)2 
2 432 2 2 43 2 

- 4 r2 f3 m R2 s ta (QO + QI s1) + 12 r2 f3 m R2 s (QO + QI s1) 
2 45 2 52 2 + 12 r2 f3 m R2 s (QO + Q1 sl) + 3 r2 f3 m R2 sc (QO + Q1 s1) 

532 2 4 2 2 + 3 r2 f3 m R2 s c (QO + Qi s1) + 24 r2 f3 m R2 s (QO + Q1 s1) 
2 4 5 5 + 4 r2 f3 Ri (QO + Qi si)(qO + qI s1) - 12 m R2 G ta s (QO + Qi si) r2 (qO + qi s1) 

. 5 3 4 4 2 + 6 m R2 G ta s (QO + QI s1) r2 (qO + qi s1) - m R2 G s c (QO + QI sI) (qO + qi s1) RI 

_ 2 m R2 5 G s 4 c (QO + QI sI) (qO + qi si) RI- 2 m R2 5 
G s 4 c (QO + Qi si) (qO + qi s1) r2 ta

2 

4 3 2 5 3 - 3 m R2 sc (QO + Qi s1) RI (qO + qi s1) - 6 m R2 G c (QO + Qi s1) RI (qO + qi si) 
43 2 2 53 2 - 3 m R2 € c (QO + QI s1) RI (qO + qi s1) s - 6 m R2 G c (QO + Qi s1) Ri (qO + qi si) s 
5325322 - 6 m R2 Ge (QO + QI s1) r2 ta (qO + qi s1) - 6 m R2 G C (QO + Qi sI) r2 ta (qO + qi sI) s 

2 2 2 4 5 + 12 m R2 G r2 c (QO + QI sI) Ri (qO + qI s1) - 6 m R2 G ta s (QO + Qi sI) r2 (qO + qi s1) RI 
4 3 4 4 2 + 3 m R2 € ta s (QO + QI s1) r2 (qO + qi s1) RI - m R2 G S C (QO + QI sI) (qO + qi s1) r2 ta RI 
432 - 3 m R2 € c (QO + QI s1) r2 ta (qO + qi sI) RI 
4 3 2 2 -3mR2 sc (QO+QIsi)r2ta (qO+qIs1)s Ri 

2 3 2 + 12 m R2 G r2 c (QO + QI s1) ta (qO + qi si) Ri 
+24mR2 3 Gr2 3 c(QO+ Qi sI)ta2 (qO+qI sI)+24mR2 3 sr2

2 
c(QO+QI s1)Ri(qO+qI s1) 

2 4 2 4 + 4 r2 f3 Ri (QO + QI s1) (qO + qi s1) ta - r2 f3 Ri (QO + QI s1) R2 (qO + qi s1) 
2 452 2 432 + 8 r2 f3 m R2 s ta (QO + Qi si)(qO + qi sI) - 4 r2 f3 m R2 s ta (QO + QI s1) (qO + qi s1) 

- r2 f3 m R2 5 s5 (QO + Qi s1) (qO + qi s1) + 6 r2 2 f3 m R2
4 

s3 (QO + QI s1) (qO + qi s1) 
2 4 5 5 2 + 6 r2 f3 m R2 s (QO + QI s1) (qO + qi s1) - 3 r2 f3 m R2 sc (QO + Qi si)(qO + qi s1) 

5 3 2 4 2 - 3 r2 f3 m R2 s c (QO + Qi s1) (qO + qi s1) + 12 r2 f3 m R2 s (QO + QI sI)(qO + qi s1)) 

> RHS3epsilon:=collect(RHS2,epsilon); 
. 54 2 44 22 

RHS3epszlon:= (qO + qi si) (-2 m R2 s c (qO + qi s1) RI - m R2 s c (qO + qi sI) RI 
54 22 55 2 - 2 m R2 s c (qO + qi s1) r2 ta - 24 m R2 ta s (QO + QI s1) r2 

_ m R2 4 s4 c (qO + qi s1)2 r2 ta 2 RI + 12 m R2 5 ta s 3 (QO + QI s1)2 r2 

_ 36 m R2 5 (QO + QI sI)2 s4 c r2 + 3 m R2 4 c 3 (QO + Qi s1)2 RI
2 

+ 2 m R2 4 s 4 c (QO + Qi s1)2 RI 2 + 4 m R2 5 s 4 c (QO + QI s1)2 Ri 

+ 4 m R2 5 s 4 c (QO + Qi s1)2 r2 ta 2 - 36 m R2 5 (QO + QI s1)2 s 2 c r2 
22 22 45 2 - 12 m R2 r2 c (QO + QI s1) RI - 12 m R2 ta s (QO + QI s1) r2 RI 

+ 6 m R2 4 tas 3 (QO + QI 81)2 r2 RI + 6 m R2 5 c 3 (QO + Qi s1)2 RI 

+ 3 m R2 4 c 3 (QO + QI s1)2 RI 2 s2 + 6 m R2 5 c 3 (QO + QI s1)2 RI s2 

+ 6 m R2 5 c 3 (QO + QI 81)2 r2 ta 2 + 6 m R2 5 c 3 (QO + QI s1)2 r2 ta
2 

s2 

_ 24m R2 3 r2 2 c(QO + QI sI)2 Ri + 2 m R2 4 s4 c(QO + Qi sI)2 r2 ta
2 

RI 

-18 m R2 4 (QO + QI s1)2 s2 cr2 RI-18 m R2 4 (QO + Qi s1)2 s4 cr2 RI 

+ 3 m R2 4 c 3 (QO + QI 81)2 r2 ta 2 RI + 3111 R2 4 c 3 (QO + QI .'11)2 r2 ta
2 

s2 RI 

+ 24 m R2 2 r2 3 c (QO + QI 81)2 ta 2 RI + 48111 R2
3 

r2
3 c (QO + Qi 81)2 ta

2 
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[ 

4 4 2 5 4 
- III R2 s c (QO + Q1 s1) (qO + q1 sl) R1 - 2 III R2 s c (QO + Q1 sl)(qO + q1 s1) R1 

5 4 2 4 3 2 - 2 III R2 s c (QO + Q1 sl) (qO + q1 s1) r2 ta - 3 III R2 c (QO + Q1 s1) R1 (qO + q1 s1) 
5 3 5 5 -61llR2 c (QO+Q1s1)RI(qO+q1s1)-12IllR2 tas (QO+Q1s1)r2(qO+q1s1) 
5 3 4 3 2 2 +6rnR2 tas (QO+Q1s1)r2(qO+q1s1)-3rnR2 c (QO+Q1s1)R1 (qO+q1s1)s 

5 3 2 5 3 2 - 6 rn R2 c (QO + Q1 s1) R1 (qO + q1 s1) s - 6 rn R2 c (QO + Q1 sl) r2 ta (qO + q1 s1) 
53 2 2 22 2 

- 6 rn R2 c (QO + QI s1) r2 ta (qO + q1 sl) s + 12 rn R2 r2 c (QO + Q1 s1) R1 (qO + q1 s1) 
4 5 4 3 - 6 rn R2 ta s (QO + Q1 s1) r2 (qO + q1 s1) R1 + 3 rn R2 ta s (QO + Q1 s1) r2 (qO + q1 sl) R1 

- rn R2 4 s 4 c (QO + Q1 s1) (qO + q1 sl) r2 ta 2 R1 - 3 rn R2 4 c 3 (QO + Q1 sl) r2 ta 2 (qO + q1 s1) R1 
4 3 2 2 -3rnR2 c (QO+QIs1)r2ta (qO+q1s1)s R1 

+ 12 III R2 2 r2 3 c (QO + Q1 sl) ta 2 (qO + q1 s1) R1 + 24 III R2 3 r2 3 c (QO + Q1 s1) ta 2 (qO + q1 s1) 
3 2 2 4 2 + 24 III R2 1'2 c (QO + QI s1) R1 (qO + q1 s1) G + (qO + q1 s1) (r2 p R1 (qO + q1 s1) 

+ 4 r2 2 p R1 4 (QO + QI sl)2 - 1'2 P R1 4 (qO + q1 81)2 R2 + r2 2 p R1 4 (qO + qI 81)2 ta 2 
2 4 5 22 2 4 3 2 2 +2r2 plllR2 s ta (qO+q1s1) -r2 plllR2 s ta (qO+q1s1) 

- 1'2 P III R2 5 s 5 (qO + q1 s1)2 + 2 1'2 P III R2 5 s 5 (QO + Q1 sl)2 + 2 r2 p R1 4 (QO + Q1 s1)2 R2 

+ 4 r2 2 p R1 4 (QO + QI s1)2 ta 2 + 8 r2 2 p m R2 4 s 5 ta 2 (QO + Q1 s1)2 
2 432 2 2 43 2 

- 4 r2 pm R2 s ta (QO + Q1 s1) + 12 r2 pm R2 s (QO + Q1 sl) 
+ 12 r2 2 p III R2 4 s 5 (QO + Q1 sl)2 + 31'2 pm R2 5 s c 2 (QO + Q1 s1)2 

+ 3 r2 p m R2 5 
8

3 c
2 (QO + Q1 s1)2 + 24 r2 4 p III R2 2 

s (QO + Q1 sl)2 
+ 4 r2 2 p R1 4 (QO + Q1 sl)(qO + q1 sl) + 4 r2 2 p R1 4 (QO + Q1 s1) (qO + q1 sI) ta 2 

4 2 4 5 2 - r2 p R1 (QO + Q1 sl) R2 (qO + q1 s1) + 8 r2 pm R2 s ta (QO + Q1 sl)(qO + qi s1) 
2 4 3 2 5 5 

- 4 r2 pm R2 s ta (QO + QI sI)(qO + q1 sl) - 1'2 P III R2 s (QO + QI sl)(qO + qI s1) 
2 4 3 2 4 5 + 6 r2 pm R2 s (QO + QI sl)(qO + qi s1) + 6 r2 pm R2 s (QO + QI sI)(qO + q1 s1) 

- 3 r 2 p m R2 5 s c 2 (QO + Q 1 s 1) (qO + q 1 s 1) - 3 r 2 p m R2 5 s 3 c 2 (QO + QI sI) (qO + q 1 s 1) 
4 2 + 12 r2 pm R2 8 (QO + Ql 81) (qO + ql sl» 

> RHS3beta:=collect{RHS2,beta); 
2 4 224 242 RHS3beta:= (qO + qI s1) (r2 RI (qO + qi sI) + 4 r2 RI (QO + QI s1) - r2 RI (qO + q1 s1) R2 

+ r2 2 R1 4 (qO + ql s1)2 ta 2 + 2 r2 RI 4 (QO + Q1 sl)2 R2 + 4 r2 2 RI 4 (QO + QI sI)2 ta 2 

+ 4 r2 2 RI 4 (QO + QI sl)(qO + ql s1) + 2 r2 2 m R2 4 s 5 ta 2 (qO + qi s1)2 
55 22432 2 55 2 + 2 r2 m R2 s (QO + QI s1) - r2 m R2 s ta (qO + qi s1) - r2 m R2 s (qO + ql sI) 

2452 2 2432 2 + 8 r2 m R2 s ta (QO + Ql sl) - 4 r2 m R2 s ta (QO + QI sl) 
243 2 245 2 52 2 + 12 r2 III R2 s (QO + Ql s1) + 12 r2 m R2 s (QO + QI sl) + 3 r2 m R2 sc (QO + Q1 sl) 

+ 3 r2 m R2 5 s 3 c 2 (QO + QI s1)2 + 24 r2 4 m R2 2 s (QO + QI s1)2 
2 4 2 4 + 4 r2 Rl (QO + QI sl) (qO + qi sl) ta - r2 Rl (QO + QI sI) R2 (qO + ql sI) 

+ 8 r2 2 m R2 4 s 5 ta 2 (QO + QI sI) (qO + qi s1) - 4 r2 2 m R2 4 s 3 ta 2 (QO + Q1 s1) (qO + qi sI) 

- r2 III R2 5 s 5 (QO + QI s1) (qO + qi s1) + 6 r2 2 m R2 4 s 3 (QO + Q1 sI)(qO + qi s1) 

+ 6 r2 2 m R2 4 s 5 (QO + QI sl) (qO + q1 sI) - 3 r2 m R2 5 s c 2 (QO + Q1 s1) (qO + qi s1) 

- 3 r2 III R2 5 s3 c 2 (QO + QI sl)(qO + q1 sI) + 12 r2 4 m R2 2 s (QO + QI s1) (qO + ql sl»P + (qO 
54 2 44 22 + q1 sI) (-2 m R2 G s c (qO + ql sI) RI - m R2 G s c (qO + qi s1) RI 

54 22 44 22 - 2 m R2 G s c (qO + ql s1) r2 ta - m R2 G s c (qO + q1 sl) r2 ta RI 
55253 2 - 24 m R2 G ta s (QO + QI s1) r2 + 12 III R2 G ta s (QO + Q1 s1) r2 
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+ 2 m R2 4 s s 4 C (QO + QI sI)2 RI 2 + 4 m R2 5 s s 4 c (QO + QI s1)2 RI 

+ 4 m R2 5 s s 4 c (QO + QI sI)2 r2 ta 2 - 36 m R2 5 s (QO + QI sI)2 s 2 c r2 

- 36 m R2 5 s (QO + QI s1)2 s 4 c r2 + 3 m R2 4 
G c 3 (QO + QI s1)2 RI 2 

+ 6 m R2 5 
G c 3 (QO + QI sI)2 RI + 3 m R2 4 s c 3 (QO + QI s1)2 RI 2 s2 

+ 6 m R2 5 s c 3 (QO + QI sI)2 RI s2 + 6 m R2 5 s c 3 (QO + QI sI)2 r2 ta 2 

53 222 22 22 + 6 m R2 sc (QO + QI sI) r2 ta s - 12 m R2 s r2 c (QO + QI sI) RI 

- 12 m R2 4 s ta s 5 (QO + QI s1)2 r2 RI + 6 m R2 4 s ta s 3 (QO + QI s1)2 r2 RI 
44 22 4 22 + 2 m R2 s s c (QO + QI s1) r2 ta RI - 18 m R2 s (QO + QI s1) s c r2 RI 
4 24 43 22 -18mR2 s(QO+QIsl) s cr2RI+3mR2 GC (QO+QIs1) r2ta RI 
43 222 23 22 + 3 m R2 sc (QO + QI sI) r2 ta s RI + 24 m R2 s r2 c (QO + QI sI) ta RI 

+ 48 m R2 3 s r2 3 c (QO + QI s1)2 ta 2 - 24 m R2 3 f: r2 2 c (QO + QI sI)2 RI 
5 5 5 3 -12mR2 stas (QO+QIsI)r2(qO+qIsI)+6mR2 f:tas (QO+QIsI)r2(qO+qIs1) 

4 4 2 5 4 - m R2 s s c (QO + QI sI)(qO + qi s1) RI - 2 m R2 f: s c (QO + QI sI)(qO + qi s1) RI 
5 4 2 4 3 2 - 2 m R2 f: s c (QO + QI s1) (qO + qi sI) r2 ta - 3 m R2 f: C (QO + QI s1) RI (qO + qi s1) 

- 6 m R2 5 s c 3 (QO + QI s1) RI (qO + qi s1) - 3 m R2 4 f: c 3 (QO + QI s1) RI 2 (qO + qi s1) s 2 
5 3 2 5 3 2 - 6 m R2 sc (QO + QI sI) RI (qO + qi s1) s - 6 m R2 f: c (QO + QI s1) r2 ta (qO + qi s1) 
53 2 2 22 2 

- 6 m R2 sc (QO + QI s1) r2 ta (qO + qi sI) s + 12 m R2 f: r2 c (QO + QI s1) RI (qO + qi sI) 
4 5 4 3 - 6 m R2 da s (QO + QI s1) r2 (qO + qi s1) RI + 3 m R2 s ta s (QO + QI s1) r2 (qO + qi sI) RI 

4 4 2 - m R2 s s c (QO + QI sI) (qO + qi s1) r2 ta RI 
432 

- 3 m R2 sc (QO + QI sI) r2 ta (qO + qi sI) RI 
4 3 2 2 

- 3 m R2 f: c (QO + QI sI) r2 ta (qO + qI s1) s RI 
232 + 12 m R2 G r2 c (QO + QI s1) ta (qO + qI sI) RI 

+ 24 m R2 3 s r2 3 c (QO + QI s1) ta 2 (qO + qI sI) + 24 m R2 3 f: r2 2 c (QO + QI sI) RI (qO + qI s1)) 

> betal:=coeff(RHS3beta,beta,l); 
24 2 24 2 4 2 [JI := (qO + qI s1) (r2 RI (qO + qi s1) + 4 r2 RI (QO + QI sI) - r2 RI (qO + qi sI) R2 

+ r2 2 RI 4 (qO + qI sI)2 ta 2 + 2 r2 RI 4 (QO + QI sI)2-R2 + 4 r2 2 RI 4 (QO + QI s1)2 ta 2 

24 2452 2 + 4 r2 RI (QO + QI s1) (qO + qI sI) + 2 r2 m R2 s ta (qO + ql s1) 
55 22432 2 55 2 +2r2mR2 8 (QO+QI81) -r2 mR2 8 ta (qO+qIsl) -r2mR2 s (qO+qls1) 

2 452· 2 2 432 2 + 8 r2 m R2 s ta (QO + QI s1) - 4 r2 m R2 s ta (QO + QI s1) 
243 2 245 2 52 2 + 12 r2 m R2 s (QO + QI s1) + 12 r2 m R2 s (QO + QI s1) + 3 r2 m R2 s c (QO + QI s1) 

532 2 42 2 + 3 r2 m R2 8 c (QO + QI s1) + 24 r2 m R2 s (QO + QI s1) 
2 4 2 4 + 4 r2 RI (QO + QI s1) (qO + qI s1) ta - r2 RI (QO + QI sI) R2 (qO + ql s1) . 

+ 8 r2 2 m R2 4 s 5 ta 2 (QO + QI sI) (qO + qI sI) - 4 r2 2 m R2 4 s 3 ta 2 (QO + QI s1) (qO + ql sI) 
5 5 2 4 3 - r2 m R2 s (QO + QI 81) (qO + qI sI) + 6 r2 m R2 s (QO + QI s1) (qO + qI s1) 

2 4 5 5 2 + 6 r2 m R2 s (QO + QI sI)(qO + qi s1) - 3 r2 m R2 sc (QO + QI sI)(qO + ql s1) 
5 3 2 4 2 

- 3 r2 m R2 s c (QO + QI sI)(qO + qi sI) + 12 r2 m R2 s (QO + QI sl)(qO + qi sI)) 

> beta2:=collect(betal,sl)j 

[J2 :=qI (r2 2 RI 4 qI 2 +4r2 2 RI 4 Q1 2 -r2 RJ 4 q1 2 R2 +r22 RI 4 qI 2 ta 2 
+2 r2 RI 4 QI 2 R2 

+ 4 r2 2 RI 4 QI 2 ta 2 + 4 r2 2 R1 4 QI ql + 2 r2 m R2 5 s 5 QI 2 + 2 r2 2 m R2 4 s 5 ta 2 qI 2 

2432224322 552 24522 
- 4 r2 m R2 s ta QI - r2 m R2 s ta qI - r2 m R2 s qI + 8 r2 m R2 s ta QI 

+12r22 mR2 4 s 3 QI2+12r22 mR2 4 s 5 Q1 2 +3r2mR2 5 sc 2 QI 2 +6r2 2 mR2 4 s 3 QIql 
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+ 3 r2 m R2
5 

s 3 C
2 

Qi
2 + 24 r2 4 m R2 2 s Qi 2 + 4 r2 2 Ri 4 Qi qi ta 2 - r2 Ri 4 Qi R2 qi 

2452 2432 55 +8r2 mR2 s ta Q1qi-4r2 mR2 s ta Q1q1-r2mR2 s Q1q1 
245 52 532 42 + 6 r2 ln R2 s Q1 q1 - 3 r2 m R2 sc Q1 q1 - 3 r2 m R2 s c Q1 q1 + 12 r2 m R2 8 Q1 ql) 

81
3 + (qO (r2 2 R1 4 q1 2 + 4 r2 2 R1 4 Q1 2 _ r2 R1 4 q1 2 R2 + r2 2 R1 4 q1 2 ta 2 + 2 r2 R1 4 Q1 2 R2 

+ 4 r2
2 

RI
4 

QI
2 

ta
2 + 4 r2 2 RI 4 Q1 qI + 2 r2 m R2 5 

8
5 Q1 2 + 2 r2 2 m R2 4 

8 5 ta 2 qI 2 

_ 4 r2 2 
ln R2 4 

8 3 ta 2 QI 2 _ r2 2 m R2 4 s 3 ta 2 q1 2 _ r2 m R2 5 
8

5 q1 2 + 8 r2 2 m R2 4 s 5 ta 2 QI 2 

+ 12 r2 2 m R2
4 

s 3 QI 2 + 12 r2 2 m R2 4 s 5 QI 2 + 3 r2 m R2 5 s c 2 QI 2 + 6 r2 2 m R2 4 s 3 Q1 q1 

+ 3 r2 m R2
5 s 3 c 2 

QI
2 + 24 r2

4 
m R2 2 s QI 2 + 4 r2 2 R1 4 QI qI ta 2 - r2 RI 4 Q1 R2 q1 

2452 2432 55 +8r2 mR2 s ta Q1ql-4r2 mR2 s ta Q1q1-r2mR2 s Q1q1 
245 52 532 42 + 6 r2 m R2 s QI q1 - 3 r2 m R2 sc Q1 q1 - 3 r2 m R2 s c Q1 qI + 12 r2 m R2 s Q1 ql). 

q1 (2 r2
2 

R1
4 

qO qi + 8 r2
2 

RI
4 

QO Q1 + 4 r2
2 

RI 4 QO q1 + 4 r2 2 R1 4 QI qO - 2 r2 Ri 4 qO q1 R2 

+ 2 r2
2 

R1
4 

qO q1 ta 2 + 4 r2 RI 4 QO Q1 R2 + 8 r2 2 Ri 4 QO QI ta 2 + 4 r2 2 m R2 4 s 5 ta 2 qO qI 
55 2 432 55 + 4 r2 m R2 s QO Q1 - 2 r2 m R2 s ta qO q1 - 2 r2 m R2 s qO q1 

2452 2432 243 + 16 r2 m R2 s ta QO Qi - 8 r2 m R2 s ta QO Q1 + 24 r2 m R2 s QO Q1 
245 52 243 + 24 r2 m R2 s QO Q1 + 6 r2 m R2 sc QO Q1 + 6 r2 m R2 s QO q1 

+ 6 r2 2 m R2 4 s 3 QI qO + 6 r2 m R2 5 s 3 c 2 QO Qi + 4 (r2 2 R1 4 QO q1 + r2 2 R1 4 Q1 qO) ta 2 

42 4 4 2452 + 48 r2 ln R2 s QO QI - r2 R1 QO R2 q1 - r2 RI QI R2 qO + 8 r2 m R2 s ta QO q1 
2452 2432 2432 + 8 r2 ln R2 s ta QI qO - 4 r2 ln R2 s ta QO q 1 - 4 r2 m R2 8 ta Q1 qO 

55 55 245 245 
- r2 ln R2 s QO q1 - r2 m R2 s QI qO + 6 r2 m R2 s QO q1 + 6 r2 m R2 s QI qO 

52 52 532 532 - 3 r2 ln R2 sc QO q1 - 3 r2 ln R2 sc Qi qO - 3 r2 m R2 s c QO q1 - 3 r2 ln R2 s c Qi qO 
4 2 4 2 224 2 4 + 12 r2 ln R2 s QO qI + 12 r2 m R2 s Qi qO» sI + (qO (2 r2 RI qO q1 + 8 r2 RI QO Qi 
24 24 4 24 2 + 4 r2 R1 QO qi + 4 r2 Ri Q1 qO - 2 r2 Ri qO qi R2 + 2 r2 R1 qO q1 ta 

+ 4 r2 RI 4 QO Q1 R2 + 8 r2 2 Ri 4 QO Q1 ta 2 + 4 r2 2 ln R2 4 
s5 ta 2 qO q1 + 4 r2 m R2 5 

s5 QO Q1 
2432 55 2452 

-2r2 mR2 s ta qOql-2r2lnR2 s qOq1+16r2 mR2 s ta QOQi 
2432 243 245 - 8 r2 m R2 s ta QO Q1 + 24 r2 m R2 s QO Q1 + 24 r2 ln R2 s QO Q1 

+ 6 r2 m R2 5 s c 2 QO Qi + 6 r2 2 m R2 4 
s3 QO q1 + 6 1'2 2 m R2 4 

s3 Qi qO 
532 24 24 2 42 + 6 r2 m R2 s c QO Qi + 4 (r2 RI QO q 1 + r2 Ri Qi qO) ta + 48 r2 ln R2 s QO QI 

- r2 Ri 4 QOR2qi-r2 R1 4 Qi R2qO+ 8r2 2 ln R2 4 
s5 ta 2 QOq1 + 8 r2 2 InR2 4 

s5 ta 2 Qi qO 
2432 2432 55 55 - 4 r2 m R2 s ta QO q1 - 4 r2 ln R2 s ta Qi qO - r2 111 R2 s QO qi - r2 ln R2 s Q1 qO 
245 245 52 52 + 6 r2 111 R2 s QO q1 + 6 r2 m R2 8 QI qO - 3 r2 m R2 sc QO q1 - 3 r2 m R2 sc QI qO 

532 532 42 42 - 3 r2 ln R2 s c QO qi - 3 r2 m R2 s c QI qO + 12 r2 111 R2 s QO qI + 12 r2 ln R2 s Qi qO 

) + qI (4 r2 2 R1 4 QO 2 + r2 2 RI 4 qO 2 + 2 r2 m R2 5 s 5 QO 2 _ r2 Ri 4 qO 2 R2 + r2 2 R1 4 qO 2 ta 2 

+ 2 r2 R1 4 Q02 R2 + 4 r2 2 R1 4 QO 2 ta 2 + 4 r2 2 R1 4 QO qO + 2 r2 2 m R2 4 s 5 ta 2 q02 
2432224322 552 24522 - 4 r2 m R2 s ta QO - r2 ln R2 s ta qO - r2 ln R2 s qO + 8 r2 m R2 s ta QO 
2432 2452 522 243 + 12 r2 m R2 s QO + 12 r2 m R2 s QO + 3 r2 ln R2 sc QO + 6 r2 ln R2 s QO qO 

5322 422 24 2 4 + 3 r2 ln R2 s c QO + 24 r2 111 R2 s QO + 4 r2 R1 QO qO ta - r2 R1 QO R2 qO 
2452 2432 55 + 8 r2 m R2 s ta QO qO - 4 r2 m R2 s ta QO qO - r2 111 R2 s QO qO 
245 52 532 42 + 6 r2 m R2 s QO qO - 3 r2 m R2 sc QO qO - 3 r2 m R2 s c QO qO + 12 r2 m R2 s QO qO» 

sI + qO (4 r2 2 Ri 4 Q02 + r2 2 R1 4 q02 + 2 r2 ln R2 5 s 5 Q02 _ r2 R1 4 q02 R2 + r2 2 R1 4 q02 ta 2 

+ 2 r2 Ri 4 Q02 R2+ 4 r2 2 R1 4 Q02 ta 2 + 4 r2 2 R1 4 QO qO + 2 r2 2 m R2 4 
s5 ta 2 q02 

2432224322 552 24522 - 4 r2 111 R2 s ta QO - r2 ln R2 s ta qO - r2 m R2 s qO + 8 r2 m R2 s ta QO 

+ 12 r2 2 m R2 4 s 3 QO 2 + 121'2 2
111 R2 4 

S 5 Q02 + 3 r2 ln R2 5 s c
2 QO 2 + 6 r2 2 m R2 4 

s3 QO qO 
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l + 3 r2 m R2 5 s 3 C
2 QO 2 + 24 r2 4 m R2 2 s QO 2 + 4 r2 2 R1 4 QO qO ta 2 - r2 R1 4 QO R2 qO 

2452 2432 55 + 8 r2 m R2 s ta QO qO - 4 r2 m R2 s ta QO qO - r2 m R2 s QO qO 
245 52 532 42 + 6 r2 m R2 s QO qO - 3 r2 m R2 sc QO qO - 3 r2 m R2 s c QO qO + 12 r2 m R2 s QO qO) 

[ 
> epsilonl:=coeff(RHS3epsilon,epsilon,l)i 

54 2 44 22 si := (qO + q1 s1) (-2 m R2 s c (qO + q1 s1) R1 - m R2 s c (qO + q1 s1) R1 

- 2 m R2 5 s 4 c (qO + q1 sl)2 r2 ta 2 - 24 m R2 5 ta s 5 (QO + Q1 sl)2 r2 

- m R2 4 s4 c (qO + q1 s1)2 r2 ta 2 R1 + 12 m R2 5 tas 3 (QO + Q1 s1)2 r2 

- 36 m R2 5 (QO + Q1 s1)2 s4 c r2 + 3 m R2 4 c 3 (QO + Q1 sl)2 R1 2 

+ 2 m R2 4 s4 c(QO + Q1 s1)2 R1 2 + 4 m R2 5 s4 c(QO + Q1 s1)2 R1 
54 22 5 22 + 4 m R2 s c (QO + Q1 s1) r2 ta - 36 m R2 (QO + Q1 sl) s c r2 
22 22 45 2 

- 12 m R2 r2 c (QO + Q1 s1) R1 - 12 m R2 ta s (QO + Qi s1) r2 R1 
4 3 2 5 3 2 + 6 m R2 ta s (QO + Q1 81) r2 R1 + 6 m R2 c (QO + Q1 sl) R1 

+ 3 m R2 4 c 3 (QO + Q1 s1)2 R1 2 s2 + 6 m R2 5 c 3 (QO + Q1 sl)2 R1 s2 
53 22 53 222 + 6 m R2 c (QO + Q1 sl) r2 ta + 6 m R2 c (QO + Qi si) r2 ta s 
32 2 44 22 - 24 m R2 r2 c (QO + Q1 sl) R1 + 2 m R2 s c (QO + Q1 sl) r2 ta R1 
4 2 2 4 2 4 - 18 m R2 (QO + Q1 s1) s c r2 R1 - 18 m R2 (QO + Q1 sl) s c r2 R1 

+ 3 m R2 4 c 3 (QO + Q1 sl)2 r2 ta 2 R1 + 3 m R2 4 c 3 (QO + Q1 sl)2 r2 ta 2 s2 R1 
23 22 33 22 + 24 m R2 r2 c (QO + Q1 si) ta R1 + 48 m R2 r2 c (QO + Q1 s1) ta 

4 4 2 5 4 
- m R2 s c (QO + Q1 s1) (qO + q1 sl) R1 - 2 m R2 s c (QO + Qi s1) (qO + q1 s1) R1 

5 4 2 4 3 2 
- 2 m R2 s c (QO + Q1 sl)(qO + q1 s1) r2 ta - 3 m R2 c (QO + Qi s1) Ri (qO + q1 sl) 

5 3 5 5 - 6 m R2 c (QO + Q1 s1) R1 (qO + q1 sl) - 12 m R2 ta s (QO + Qi sl) r2 (qO + q1 s1) 

+ 6 m R2 5 ta s 3 (QO + Qi s1) r2 (qO + q1 s1) - 3 m R2 4 c 3 (QO + Q1 s1) R1 2 (qO + q1 s1) s 2 

- 6 ln R2 5 c 3 (QO + Q1 s1) R1 (qO + q1 s1) s 2 - 6 ln R2 5 c 3 (QO + Qi s1) r2 ta 2 (qO + q1 si) 
53 2 2 22 2 - 6 ln R2 c (QO + Q1 s1) r2 ta (qO + q1 sl) s + 12 ln R2 r2 c (QO + Q1 s1) Ri (qO + q1 s1) 
4 5 4 3 - 6 m R2 ta s (QO + Q1 s1) r2 (qO + q1 s1) Ri + 3 m R2 ta s (QO + Q1 sl) r2 (qO + q1 s1) R1 

4 4 2 4 3 2 - m R2 s c (QO + Q1 sl)(qO + qi sl) r2 ta R1 - 3 m R2 c (QO + Q1 s1) r2 ta (qO + q1 s1) R1 

- 3 m R2 4 c 3 (QO + Q1 s1) r2 ta 2 (qO + q1 s1) s2 R1 

+ 12 m R2 2 r2 3 c (QO + Q1 s1) ta 2 (qO + q1 sl) R1 + 24 m R2 3 r2 3 c (QO + Q1 s1) ta 2 (qO + q1 sl) 

+ 24 ln R2 3 r2 2 c (QO + Q1 s1) R1 (qO + q1 s1)) 

> epsilon2:=collect(epsilonl,sl)i 
54 2 44 22 54 2 2 5 52 e2:=q1(-2mR2 s cq1 R1-mR2 s cq1 R1 -2mR2 s cq1 r2ta -24mR2 tas Q1 r2 

4422 532 524 4322 
- ln R2 s c q1 r2 ta R1 + 12 m R2 ta s Q1 r2 - 36 m R2 Q1 s c r2 + 3 m R2 c Q1 R1 

+ 2 ln R2 4 
S 4 c Q1 2 R1 2 + 4 ln R2 5 Q1 2 

S 4 c R1 + 4 m R2 5 Q1 2 s 4 c r2 ta 2 _ 36 ln R2 5 Q1 2 s 2 c r2 

- 12 ln R2 2 r2 2 c Q1 2 R1 2 _ 12 m R2 4 ta s 5 Q1 2 r2 R1 + 6 m R2 4 ta s 3 Q1 2 r2 R1 

+ 6 m R2 5 c 3 Q1 2 R1 + 3 ln R2 4 c 3 Q1 2 R1 2 s 2 + 6 ln R2 5 c 3 Q1 2 R1 s 2 + 6 m R2 5 c 3 Q1 2 r2 ta 2 

53222 322 4422 + 6 m R2 c Q1 r2 ta s - 24 m R2 r2 c Q1 R1 + 2 m R2 s c Q1 r2 ta R1 

- 18 m R2 4 Q1 2 s2 c r2 Ri-18 m R2 4 s4 c Q1 2 r2 R1 + 3 m R2 4 c 3 Q1 2 r2 ta 2 R1 

+ 3 m R2 4 c 3 Q1 2 r2 ta 2 s 2 R1 + 24 m R2 2 r2 3 c Q1 2 ta 2 R1 + 48 m R2 3 r2 3 c Q1 2 ta 2 

44 2 54 54 2 - m R2 s c Q1 q1 R1 - 2 m R2 s c Q1 q1 R1 - 2 m R2 s c Q1 q1 r2 ta 
43? 53 55 53 - 3 m R2 c Q1 R1- q1 - 6 m R2 c Q1 R1 q1 - 12 m R2 ta s Q1 r2 q1 + 6 m R2 ta s Q1 r2 q1 
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43 22 53 2 53 2 
- 3 m R2 c QI RI qI s - 6 m R2 c QI RI qI s - 6 m R2 c QI r2 ta qI 

53 22 22 2 45 - 6 m R2 c QI r2 ta qI s + 12 m R2 r2 c QI RI qI - 6 m R2 ta s QI r2 qi RI 
43 44 2 43 2 + 3 m R2 tas QI r2 qi RI - m R2 s c QI qI r2 ta RI - 3 m R2 c QI r2 ta qi RI 
43 22 23 2 33 2 - 3 m R2 c QI r2 ta qI s RI + 12 m R2 r2 c QI ta qI RI + 24 m R2 r2 c Qi ta qi 
32 3 542 4422 + 24 m R2 r2 c Qi Ri qi) si + (qO (-2 m R2 s c qi Ri - m R2 s c qi Ri 
5422 552 4422 -2mR2 s cqI r2ta -24mR2 ta.') QI r2-mR2.') cqI r2ta Ri 

+ 12 m R2 5 ta s 3 QI 2 r 2 _ 36 m R2 5 QI 2 s 4 c r 2 + 3 m R2 4 c 3 QI 2 RI 2 + 2 m R2 4 
.') 4 c QI 2 RI 2 

524 524 2 522 + 4 m R2 QI seRI + 4 m R2 QI s c r2 ta - 36 m R2 QI s c r2 
2222 452 432 - 12 m R2 r2 c QI RI - 12 m R2 ta.') QI r2 RI + 6 m R2 ta.') QI r2 RI 

+ 6 m R2 5 c 3 QI 2 RI + 3 m R2 4 c 3 QI 2 RI 2 .') 2 + 6 m R2 5 c 3 QI 2 RI s 2 + 6 m R2 5 c 3 QI 2 r2 ta 2 

53222 322 4422 + 6 m R2 c QI r2 ta s - 24 m R2 r2 c Qi Ri + 2 m R2 s c QI r2 ta RI 
_ 18 m R2 4 QI 2 s 2 c r2 Ri _ 18 m R2 4 .') 4 c QI 2 r2 Ri + 3 m R2 4 c 3 QI 2 r2 ta 2 RI 

+ 3 m R2 4 c 3 QI 2 r2 ta 2 s 2 Ri + 24 m R2 2 r2 3 c Qi 2 ta 2 Ri + 48 m R2 3 r2 3 c QI 2 ta 2 
44 2 54 54 2 - m R2 s c QI qI Ri - 2 m R2 s c QI qi RI - 2 m R2 .') c Qi qi r2 ta 
43 2 53 55 53 - 3 m R2 c Qi RI qi - 6 m R2 c QI Ri qi - 12 m R2 ta s QI r2 qI + 6 m R2 tas Qi r2 qi 
43 22 53 2 53 2 - 3 m R2 c QI RI qI s - 6 m R2 c QI RI qI s - 6 m R2 c QI r2 ta qI 
53 22 22 2 45 

- 6 m R2 c QI r2 ta qI s + 12 m R2 r2 c QI RI qI - 6 m R2 ta s QI r2 qI RI 
43 44 2 43 2 + 3 m R2 ta.') QI r2 qI RI- m R2 s c QI qI r2 ta RI - 3 m R2 c QI r2 ta qI RI 
43 22 23 2 33 2 - 3 m R2 c QI r2 ta qI s RI + 12 m R2 r2 c QI ta qI RI + 24 m R2 r2 c QI ta qI 

+ 24 m R2 3 r2 2 c QI RI qi) + qi (-3 (m R2 4 c 3 QO r2 ta 2 qI + m R2 4 c 3 Qi r2 ta 2 qO)s2 RI 
54 54 2 54 44 2 - 2 (m R2 s c QO qI + m R2 s c Qi qO) r2 ta - 4 m R2 s c qO qI RI - 2 m R2 s c qO qi RI 
54 2 55 44 2 - 4 m R2 s c qO qi r2 ta - 48 m R2 ta s QO QI r2 - 2 m R2 s c qO qi r2 ta Ri 

+ 24 m R2 5 ta s 3 QO QI r2 - 72 m R2 5 QO QI.') 4 c r2 + 6 m R2 4 c 3 QO QI RI 2 

+ 4 m R2 4 
.') 4 c QO QI RI 2 + 8 m R2 5 QO QI s 4 cRI + 8 m R2 5 QO QI s 4 c r2 ta 2 

5 2 22 2 45 - 72 m R2 QO QI s c r2 - 24 m R2 r2 c QO QI RI - 24 m R2 ta s QO QI r2 RI 
+ 12 m R2 4 ta s 3 QO Qi r2 RI + 12 m R2 5 c 3 QO Qi Ri + 6 m R2 4 c 3 QO Qi RI 2 s 2 

+ 12 m R2 5 c 3 QO QI Ri s2 + 12 m R2 5 c 3 QO QI r2 ta 2 + 12 m R2 5 c 3 QO QI r2 ta 2 s2 
- 48 m R2 3 r2 2 c QO QI RI + 4 m R2 4 s 4 c QO QI r2 ta 2 Ri - 36 m R2 4 QO QI s 2 c r2 RI 

44 44 2 44 - (m R2 s c QO qi + m R2 s c Qi qO) r2 ta Ri - 36 m R2 .') c QO Qi r2 RI 
43 2 43 22 23 2 + 6 m R2 c QO QI r2 ta RI + 6 m R2 c QO QI r2 ta .') RI + 48 m R2 r2 c QO QI ta RI 

_ (m R2 4 s 4 c QO q I + m R2 4 
.') 4 c QI qO) RI 2 - 2 (m R2 5 s 4 c QO q I + m R2 5 s 4 c QI qO) RI 

+ 96 m R2 3 r2 3 c QO QI ta 2 - 3 m R2 4 c 3 QO RI 2 qI - 3 m R2 4 c 3 QI Ri 2 qO 

- 6 m R2 5 c 3 QO RI qI - 6 m R2 5 c 3 QI RI qO - 12 m R2 5 ta.') 5 QO r2 qI - 12 m R2 5 ta s 5 QI r2 qO 
5 3 5 3 + 6 m R2 ta s QO r2 qI + 6 m R2 ta.') QI r2 qO 
43 2 43 22 - 3 (m R2 c QO RI qi + m R2 c QI Ri qO) s 

- 6 (m R2 5 c 3 QORI qI +m R2 5 c 3 QI RI qO)s2 
53 2 53 22 - 6 (m R2 c QO r2 ta qI + m R2 c QI r2 ta qO) s 

- 6 (m R2 4 ta s 5 QO r2 qi + m R2 4 ta s 5 QI r2 qO) RI 

+ 3 (m R2 4 tas 3 QO r2 qi + m R2 4 tas 3 QI r2 qO)Ri- 6 m R2 5 c 3 QO r2 ta 2 qi 

_ 6 m R2 5 c 3 QI r2 ta 2 qO + 12 m R2 2 r2 2 c QO RI 2 qI + 12 m R2
2 

r2 2 c Qi RI
2 

qO 

- 3 (m R2 4 c 3 QO r2 ta 2 qI + m R2 4 c 3 QI r2 ta
2 

qO) RI 

+ 12 (m R2 2 r2 3 c QO ta 2 qI + m R2 2 r2 3 c QI ta 2 qO) RI + 24 m R2
3 

r2
3 c QO ta

2 
qI 
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+ 24 m R2
3 

r2
3 

c Qi ta 2 qO + 24 m R2 3 r2 2 c QO Ri qi + 24 m R2 3 r2 2 c Qi Ri qO» si 2 + (qO ( 
43 2 43 22 -3 (m R2 c QO r2 ta qi + m R2 c Qi r2 ta qO) s Ri 

54 54 2 54 44 2 -2(mR2 s cQOqi+mR2 s cQiqO)r2ta -4mR2 s cqOqIRi-2mR2 s cqOqiRi 
54 2 55 44 2 - 4 m R2 s c qO qi r2 ta - 48 m R2 ta s QO Qi r2 - 2 m R2 s c qO qi r2 ta Ri 

+ 24 m R2 5 ta s 3 QO Qi r2 -72 m R2 5 QO Qi s 4 c r2 + 6 m R2 4 c 3 QO Qi Ri 2 

+ 4 m R2 4 
8

4 c QO Qi Ri 2 + 8 m R2 5 QO Qi 8 4 cRi + 8 m R2 5 QO Qi s 4 c r2 ta 2 

- 72 m R2 5 QO Qi s 2 c r2 - 24 m R2 2 r2 2 c QO Qi Ri 2 - 24 m R2 4 ta s 5 QO Qi r2 Ri 

+ 12 m R2 4 tas 3 QO Qi r2 Ri + 12 m R2 5 c 3 QO Qi Ri + 6 m R2 4 c 3 QO Qi Ri 2 
s2 

+ 12 m R2 5 c 3 QO QI Ri s2 + 12 m R2 5 c 3 QO Qi r2 ta 2 + 12 m R2 5 c 3 QO Qi r2 ta 2 
s2 

32 44 2 4 2 - 48 m R2 r2 c QO Qi Ri + 4 ni R2 s c QO Qi r2 ta Ri - 36 m R2 QO Qi s c r2 Ri 
44 44 2 44 - (m R2 s c QO qi + m R2 s c Qi qO) r2 ta Ri - 36 ni R2 s c QO Qi r2 Ri 
43 2 43 22 23 2 + 6 m R2 c QO Qi r2 ta RI + 6 ni R2 c QO Qi r2 ta s Ri + 48 m R2 r2 c QO Qi ta Ri 

44 44 2 54 54 - (m R2 s c QO qi + m R2 s c Qi qO) Ri - 2 (m R2 s c QO qi + m R2 s c Qi qO) Ri 
33 2 43 2 43 2 + 96 m R2 r2 c QO Qi ta - 3 m R2 c QO Ri qi - 3 m R2 c Qi Ri qO 

53 53 55 55 - 6 m R2 c QO Ri qi - 6 m R2 c Qi Ri qO - 12 m R2 ta s QO r2 qi - 12 m R2 ta s Qi r2 qO 
5 3 5 3 + 6 m R2 ta s QO r2 qi + 6 m R2 ta s Qi r2 qO 
4324322 - 3 (m R2 c QO Ri qi + m R2 c Qi Ri qO) s 

- 6 (m R2 5 c 3 QO Ri qi + m R2 5 c 3 Qi Ri qO) s2 

- 6 (m R2 5 c 3 QO r2 ta 2 qi + m R2 5 c 3 Qi r2 ta 2 qO) s2 
4 5 4 5 

- 6 (m R2 ta s QO r2 qi + m R2 ta s Qi r2 qO) Ri 
43 43 53 2 +3(mR2 tas QOr2qI+mR2 tas QIr2qO)Ri-6mR2 c QOr2ta qi 

53 2 22 2 22 2 - 6 m R2 c Qi r2 ta qO + 12 ni R2 r2 c QO Ri qi + 12 m R2 r2 c Qi Ri qO 
4 .3 2 4 3 2 - 3 (m R2 c QO r2 ta qi + m R2 c Qi r2 ta qO) Ri 

+ 12 (m R2 2 r2 3 c QO ta 2 qi + m R2 2 r2 3 c Qi ta 2 qO) Ri + 24 m R2 3 r2 3 c QO ta 2 qi 

+ 24 m R2 3 r2 3 c Qi ta 2 qO + 24 m R2 3 r2 2 c QO Ri qi + 24 m R2 3 r2 2 c Qi Ri qO) + qi ( 
542 4422 5422 552 -2 m R2 s c qO RI - m R2 s c qO Ri - 2 m R2 s c qO r2 ta - 24 ni R2 ta s QO r2 

4422 532 524 4322 - m R2 s c qO r2 ta Ri + 12 m R2 ta 8 QO r2 - 36 m R2 QO 8 C r2 + 3 m R2 c QO Ri 
+ 2 m R2 4 s 4 c QO 2 Ri 2 + 4 m R2 5 QO 2 s 4 cRi + 4 m R2 5 QO 2 s 4 c r2 ta 2 _ 36 m R2 5 QO 2 s 2 c r2 

2222 452 432 - 12 m R2 r2 c QO Ri - 12 m R2 ta s QO r2 Ri + 6 m R2 ta s QO r2 Ri 
+ 6 m R2 5 c 3 QO 2 Ri + 3 m R2 4 c 3 QO 2 Ri 2 8 2 + 6 m R2 5 c 3 QO 2 Ri s 2 + 6 m R2 5 c 3 QO 2 r 2 ta 2 

+ 6 m R2 5 c 3 QO 2 r2 ta 2 s 2 _ 24 m R2 3 r2 2 c QO 2 Ri + 2 m R2 4 s 4 c QO 2 r2 ta 2 Ri 
422 442 4322 - 18 m R2 QO s c r2 Ri - 18 m R2 s c QO r2 Ri + 3 m R2 c QO r2 ta Ri 

+ 3 ni R2 4 c 3 Q02 r2 ta 2 s2 RI + 24 ni R2 2 r2 3 c Q02 ta 2 Ri + 48 ni R2 3 r2 3 c Q02 ta 2 

44 2 54 54 2 
- ni R2 s c QO qO Ri - 2 m R2 s c QO qO Ri - 2 m R2 s c QO qO r2 ta 

43 2 53 55 53 - 3 ni R2 c QO Ri qO - 6 m R2 c QO RI qO - 12 m R2 ta s QO r2 qO + 6 m R2 ta 8 QO r2 qO 
_ 3 ni R2 4 C 3 QO Ri 2 qO 8 2 _ 6 ni R2 5 c 3 QO Ri qO s 2 - 6 ni R2 5 c 3 QO r 2 ta 2 qO 

53 22 22 2 45 - 6 ni R2 c QO r2 ta qO 8 + 12 m R2 r2 c QO Ri qO - 6 m R2 ta s QO r2 qO Ri 
43 44 2 43 2 + 3 m R2 ta s QO r2 qO Ri - ni R2 s c QO qO r2 ta Ri - 3 m R2 c QO r2 ta qO Ri 
43 22 23 2 33 2 - 3 m R2 c QO r2 ta qO s Ri + 12 m R2 r2 c QO ta qO Ri + 24 m R2 r2 c QO ta qO 
32 542 4422 + 24 111 R2 r2 c QO Ri qO)) si + qO (-2 m R2 s c qO Ri - m R2 s c qO Ri 
5422 552 4422 - 2 m R2 s c qO r2 ta - 24 m R2 ta s QO r2 - m R2 s c qO r2 ta Ri 

+ 12 m R2 5 ta s 3 QO 2 r2 _ 36 m R2 5 QO 2 s 4 c r2 + 3 m R2 4 c 3 Q02 Ri 2 + 2 m R2 4 s 4 c QO 2 Ri 2 
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[ 

+ 4 m R2 5 Q02 s4 cRi + 4 m R2 5 QO 2 s 4 c r2 ta 2 _ 36 m R2 5 QO 2 s 2 c r2 

- 12 m R2 2 r2 2 c Q02 Ri 2 -12 m R2 4 tas 5 Q02 r2 Ri + 6 m R2 4 tas 3 Q02 r2 Ri 

+ 6 m R2 5 c 3 QO 2 Ri + 3 m R2 4 c 3 QO 2 Ri 2 s 2 + 6 m R2 5 c 3 QO 2 Ri s 2 + 6 m R2 5 c 3 QO 2 r 2 ta 2 

+ 6 111 R2 5 c 3 Q02 r2 ta 2 s2 - 24 m R2 3 r2 2 c Q02 Ri + 2 m R2 4 s4 c Q02 r2 ta 2 Ri 

- 18111 R2 4 Q02 s2 c r2 Ri- 18111 R2 4 s4 c Q02 r2 Ri + 3 m R2 4 c 3 Q02 r2 ta 2 Ri 

+ 3 m R2 4 c 3 Q02 r2 ta 2 s2 Ri + 24 m R2 2 r2 3 c Q02 ta 2 Ri + 48 m R2 3 r2 3 c Q02 ta 2 
44 2 54 54 2 

- m R2 s c QO qO Ri - 2 m R2 s c QO qO Ri - 2 m R2 s c QO qO r2 ta 
43 2 53 55 53 - 3 m R2 c QO Ri qO - 6 m R2 c QO Ri qO - 12 m R2 ta s QO r2 qO + 6 m R2 ta s QO r2 qO 
43 22 53 2 53 2 - 3 m R2 c QO Ri qO s - 6 m R2 c QO Ri qO s - 6 m R2 c QO r2 ta qO 
53 22 22 2 45 - 6 m R2 c QO r2 ta qO s + 12 m R2 r2 c QO Ri qO - 6 m R2 ta s QO r2 qO Ri 
43 44 2 43 2 + 3 m R2 ta s QO r2 qO Ri - 111 R2 s c QO qO r2 ta Ri - 3 m R2 c QO r2 ta qO Ri 
43 22 23 2 33 2 - 3 m R2 c QO r2 ta qO s Ri + 12 m R2 r2 c QO ta qO Ri + 24 111 R2 r2 c QO ta qO 

+ 24 m R2 3 r2 2 c QO Ri qO) 

[> DS,.coeff(LHS3,slAS); 
D5 :=0 

[> 

[> 

D4:=coeff(LHS3,slA4)i 

D3:=coeff(LHS3,slA 3 )i 

D4 :=0 

D3 :=0 

[

> D2:=coeff(LHS3,slA2); 

D2 := 2 r2 (2 r2 Qi + r2 qi + 2 r2 ta 2 Qi + r2 ta 2 qi + R2 Qi - R2 qi) (Ri + 2 R2)4 (2 Qi + qi) 

[

> Dl:=coeff(LHS3,sl)i 

Dl := 2 r2 (2 r2 QO + r2 qO + 2 r2 ta 2 QO +. r2 ta
2 

qO + R2 QO - R2 qO) (Ri + 2 R2)4 (2 Qi + qi) 

+ 2 r2 (2 r2 Qi + r2 qi + 2 r2 ta 2 Qi + r2 ta 2 qi + R2 Qi - R2 qi) (Ri + 2 R2)4 (2 QO + qO) 

[

> DO:=coeff(LHS3,sl,O)i 

DO := 2 r2 (2 r2 QO + r2 qO + 2 r2 ta 2 QO + r2 ta 2 qO + R2 QO - R2 qO) (Ri + 2 R2)4 (2 QO + qO) 

[> ES,.coeff(epsilon2,slAS); 
E5:=0 

[> E4,.coeff(epsilon2,slA4 ); 
E4:=0 

> E3:=coeff(epsilon2,slA 3 )i 
542 4422 5422 552 E3:=qi(-2mR2 s cqi Ri-mR2 s cqi Ri -2mR2 s cqi r2ta -24mR2 tas Qi r2 

4422 532 524 4322 - m R2 s c qi r2 ta Ri + 12 m R2 ta s Qi r2 - 36 m R2 Qi s c r2 + 3 m R2 c Qi Ri 
+ 2 m R2 4 

s4 c Qi 2 Ri 2 + 4 m R2 5 Qi 2 
s4 cRi + 4 m R2 5 Qi 2 s4 c r2 ta 2 

- 36 m R2 5 Qi 2 
s2 c r2 

_ 12 m R2 2 r2 2 c Qi 2 Ri 2 _ 12 m R2 4 ta s 5 Qi 2 r2 Ri + 6 m R2 4 ta s 3 Qi 2 r2 Ri 

+ 6 m R2 5 
c 3 QI 2 Ri + 3 m R2 4 c 3 Qi 2 RI 2 

s2 + 6 m R2 5 c 3 Qi 2 Ri s2 + 6 m R2 5 c 3 Qi
2 

r2 ta
2 

+ 6 m R2 5 c 3 QI 2 r2 ta 2 s 2 _ 24 m R2 3 r2 2 c QI 2 RI + 2 m R2 4 s 4 c QI 2 r2 ta 2 RI 
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422 442 4322 - 18 m R2 Qi s c r2 Ri - 18 m R2 s c Qi r2 Ri + 3 m R2 c Qi r2 ta Ri 
+ 3 m R2 4 c 3 Qi 2 r 2 ta 2 s 2 Ri + 24 m R2 2 r 2 3 c Qi 2 ta 2 Ri + 48 m R2 3 r 2 3 c Qi 2 ta 2 

44 2 54 54 2 - m R2 s c Qi qi Ri - 2 m R2 s c Qi qi Ri - 2 m R2 s c Qi qi r2 ta 
43 2 53 55 53 -3mR2 c QiRi qi-6mR2 c QiRiqi-12mR2 tas Qir2qi+6mR2 tas Qir2qi 
43 22 53 2 53 2 -3mR2 c QiRi qis -6mR2 c QIRIqIs -6mR2 c QIr2ta qI 
53 22 22 2 45 - 6 m R2 c QI r2 ta qI s + 12 m R2 r2 c QI RI qI - 6 m R2 ta s QI r2 qi Ri 
43 44 2 43 2 + 3 m R2 ta s QI r2 qI Ri - m R2 s c QI qI r2 ta RI - 3 m R2 c QI r2 ta qI Ri 
43 22 23 2 33 2 - 3 m R2 c Qi r2 ta qI s RI + 12 m R2 r2 c QI ta qI RI + 24 m R2 r2 c QI ta qi 

3 2 + 24 m R2 r2 c Qi RI qi) 

> E2:=coeff(epsilon2,slA 2 )i 

542 4422 5422 552 E2 ;= qO (-2 m R2 s c qI RI- m R2 s c qI RI - 2 m R2 s c qI r2 ta - 24 m R2 ta s QI r2 
- m R2 4 s 4 c qI 2 r2 ta 2 RI + 12 m R2 5 ta s 3 QI 2 r2 - 36 m R2 5 QI 2 s4 c r2 + 3 m R2 4 c 3 QI 2 RI 2 

4422 524 524 2 522 +2mR2 s cQi RI +4mR2 Qi s cRI+4mR2 Qi s cr2ta -36mR2 Qi s cr2 
2222 452 432 - 12 m R2 r2 c QI RI - 12 m R2 ta s QI r2 RI + 6 m R2 ta s QI r2 RI 

+ 6 m R2 5 c 3 QI 2 RI + 3 m R2 4 c 3 QI 2 Ri 2 s2 + 6 m R2 5 c 3 QI 2 RI s2 + 6 m R2 5 c 3 Qi 2 r2 ta 2 
53222 322 4422 + 6 m R2 c Qi r2 ta s - 24 m R2 r2 c Qi Ri + 2 m R2 s c Qi r2 ta RI 
422 442 4322 -18mR2 QI s cr2Ri-18mR2 s cQi r2Ri+3mR2 c QI r2ta RI 
432 22 23 22 33 22 + 3 m R2 c Qi r2 ta s Ri + 24 m R2 r2 c QI ta Ri + 48 m R2 r2 c Qi ta 

44 2 54 54 2 - m R2 s c QI qI Ri - 2 m R2 s c Qi qi Ri - 2 m R2 s c Qi qI r2 ta 
43 2 53 55 53 

- 3 m R2 c QI Ri qi - 6 m R2 c Qi RI qI - 12 m R2 ta s QI r2 qi + 6 m R2 ta s QI r2 qI 

- 3 m R2 4 c 3 QI RI 2 qI s2 - 6 m R2 5 c 3 QI RI qI s2 - 6 m R2 5 c 3 QI r2 ta 2 qI 
53 22 22 2 45 - 6 m R2 c QI r2 ta qI s + 12 m R2 r2 c QI RI qI - 6 m R2 ta s QI r2 qI RI 
43 44 2 43 2 + 3 m R2 ta s QI r2 qI RI - m R2 s c QI qI r2 ta RI - 3 m R2 c QI r2 ta qI RI 
43 22 23 2 33 2 - 3 m R2 c QI r2 ta qI s RI + 12 m R2 r2 c QI ta qI RI + 24 m R2 r2 c QI ta qI 
32 43 2 43 22 +24mR2 r2 cQiRIqI)+qI(-3(mR2 c QOr2ta qI+mR2 c QIr2ta qO)s RI 

54 54 2 54 44 2 - 2 (m R2 s c QO qI + m R2 s c QI qO) r2 ta - 4 m R2 s c qO qI RI - 2 m R2 s c qO qI RI 
54 2 55 44 2 

- 4 m R2 s c qO qI r2 ta - 48 m R2 tas QO QI r2 - 2 m R2 s c qO qI r2 ta RI 
53 5 4 43 2 + 24 m R2 ta s QO QI r2 - 72 m R2 QO QI s c r2 + 6 m R2 c QO QI RI 

44 2 5 4 5 4 2 + 4 m R2 s c QO QI RI + 8 m R2 QO QI seRI + 8 m R2 QO QI s c r2 ta 
5 2 22 2 45 - 72 m R2 QO QI s c r2 - 24 m R2 r2 c QO QI RI - 24 m R2 ta s QO QI r2 RI 

+ 12mR2 4 tas 3 QOQI r2RI+ 12mR2 5 c 3 QOQI RI +6mR2 4 c 3 QOQI RI 2 s2 
53 2 53 2 53 22 + 12 m R2 c QO QI RI s + 12 m R2 c QO QI r2 ta + 12 m R2 c QO QI r2 ta s 
32 44 2 4 2 - 48 m R2 r2 c QO QI RI + 4 m R2 s c QO QI r2 ta RI - 36 m R2 QO QI s c r2 RI 

44 44 2 44 - (m R2 s c QO qI + m R2 s c QI qO) r2 ta RI - 36 m R2 s c QO QI r2 RI 
43 2 43 22 23 2 + 6 m R2 c QO QI r2 ta RI + 6 m R2 c QO QI r2 ta s RI + 48 m R2 r2 c QO QI ta RI 

44 44 2 54 54 - (m R2 s c QO qI + m R2 s c QI qO) RI - 2 (m R2 s c QO qI + m R2 s c Qi qO) RI 

+ 96 m R2 3 r2 3 c QO Qi ta 2 - 3 m R2 4 c 3 QO RI 2 qI - 3 m R2 4 c 3 Qi RI 2 qO 
- 6 m R2 5 c 3 QO RI qI- 6 m R2 5 c 3 QI RI qO - 12 m R2 5 tas 5 QO r2 qI - 12 m R2 5 tas 5 QI r2 qO 

5 3 5 3 + 6 m R2 ta s QO r2 qI + 6 m R2 ta s QI r2 qO 
- 3 (m R2 4 c 3 QO RI 2 qI + m R2 4 c 3 QI RI 2 qO) s 2 

- 6 (m R2 5 c 3 QO RI qi + m R2 5 c 3 QI RI qO) s2 
53 2 53 22 - 6 (m R2 c QO r2 ta qI + m R2 c QI r2 ta qO) s 
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[ 

4 5 4 5 - 6 (m R2 ta s QO r2 qi + m R2 ta s Qi r2 qO) Ri 
43 43 53 2 + 3 (m R2 ta s QO r2 qi + m R2 ta s Qi r2 qO) Ri - 6 m R2 c QO r2 ta qi 

- 6 m R2 5 c 3 Qi r2 ta 2 qO+ 12 m R2 2 r2 2 cQORi 2 qi + 12 m R2 2 r2 2 cQi Ri 2 qO 
43243 2 - 3 (m R2 c QO r2 ta qi + m R2 c Qi r2 ta qO) Ri 

+ 12 (m R2
2 

r2 3 c QO ta 2 qi + m R2 2 r2 3 c Qi ta 2 qO) Ri + 24 m R2 3 r2 3 c QO ta 2 qi 

+ 24 m R2 3 r2 3 c Qi ta 2 qO + 24 m R2 3 r2 2 c QO Ri qi + 24 m R2 3 r2 2 c Qi Ri qO) 

> El:=coeff(epsilon2,sl); 
4324322 Ei ;= qO (-3 (m R2 c QO r2 ta qi + m R2 c Qi r2 ta qO) s Ri 

54 54 2 54 44 2 - 2 (m R2 s c QO qi + m R2 s c Qi qO) r2 ta - 4 m R2 s c qO qi Ri - 2 m R2 s c qO qi Ri 
54 2 55 44 2 - 4 m R2 s c qO qi r2 ta - 48 m R2 ta s QO Qi r2 - 2 m R2 s c qO qi r2 ta Ri 

+ 24 m R2 5 ta s 3 QO Qi r2 -72 m R2 5 QO Qi s 4 c r2 + 6 m R2 4 c 3 QO Qi Ri 2 

+ 4 m R2 4 s 4 C QO Qi Ri 2 + 8 m R2 5 QO Qi s 4 cRi + 8 m R2 5 QO Qi s 4 c r2 ta 2 

5 2 22 2 45 -72 m R2 QO Qi s c r2 - 24 m R2 r2 c QO Qi Ri - 24 m R2 ta s QO Qi r2 Ri 

+ 12 m R2 4 tas 3 QO Qi r2 Ri + 12 m R2 5 c 3 QO Qi Ri + 6 m R2 4 c 3 QO Qi Ri 2 s2 

+ 12 m R2 5 c 3 QO Qi Ri s2 + 12 m R2 5 c 3 QO Qi r2 ta 2 + 12 m R2 5 c 3 QO Qi r2 ta 2 s2 
32 44 2 4 2 - 48 m R2 r2 c QO Qi Ri + 4 m R2 s c QO Qi r2 ta Ri - 36 m R2 QO Qi s c r2 Ri 

44 44 2 44 - (m R2 s c QO qi + m R2 s c Qi qO) r2 ta Ri - 36 m R2 s c QO Qi r2 Ri 
+ 6 m R2 4 c 3 QO Qi r2 ta 2 Ri + 6 m R2 4 c 3 QO Qi r2 ta 2 s 2 Ri + 48 m R2 2 r2 3 c QO Qi ta 2 Ri 

44 44 2 54 54 - (m R2 s c QO qi + m R2 s c Qi qO) Ri - 2 (m R2 s c QO qi + m R2 s c Qi qO) Ri 

+ 96 m R2 3 r2 3 c QO Qi ta 2 
- 3 m R2 4 c 3 QO Ri 2 qi - 3 m R2

4 
c 3 Qi Ri 2 qO 

53 53 55 55 - 6 m R2 c QO Ri qi - 6 m R2 c Qi Ri qO - 12 m R2 ta s QO r2 qi - 12 m R2 ta s Qi r2 qO 

+ 6 m R2 5 ta s 3 QO r2 qi + 6 m R2 5 ta s 3 Qi r2 qO 

- 3 (m R2 4 c 3 QO Ri 2 qi + m R2 4 c 3 Qi Ri 2 qO) s2 

- 6 (m R2 5 c 3 QO Ri qi + m R2 5 c 3 Qi Ri qO) s2 
53 2 53 22 - 6 (m R2 c QO r2 ta qi + m R2 c Qi r2 ta qO) s 
4 5 4 5 - 6 (m R2 ta s QO r2 qi + m R2 ta s Qi r2 qO) Ri 
43 43 53 2 + 3 (m R2 tas QO r2 qi + m R2 ta s Qi r2 qO) Ri- 6 m R2 c QO r2 ta qi 

53 2 22 2 22 2 
- 6 m R2 c Qi r2 ta qO + 12 m R2 r2 c QO Ri qi + 12 m R2 r2 c Qi Ri qO 

43243 2 - 3 (m R2 c QO r2 ta qi + m R2 c Qi r2 ta qO) Ri 

+ 12 (m R2 2 r2 3 c QO ta 2 qi + m R2 2 r2 3 c Qi ta 2 qO) Ri + 24 m R2
3 

r2
3 

c QO ta 2 qi 

+ 24 m R2 3 r2 3 c Qi ta 2 qO + 24 m R2 3 r2 2 c QO Ri qi + 24 m R2
3 

r2
2 

c Qi Ri qO) + qi ( 
-2 m R2 5 s 4 c qO 2 Ri _ m R2 4 s 4 c qO 2 Ri 2 _ 2 m R2 5 s 4 c qO 2 r2 ta 2 _ 24 m R2 5 ta s 5 QO 2 r2 

4422 532 524 4322 - m R2 s c qO r2 ta Ri + 12 m R2 ta s QO r2 - 36 m R2 QO s c r2 + 3 m R2 c QO Ri 
4422 524 524 2 522 + 2 m R2 s c QO Ri + 4 m R2 QO seRi + 4 m R2 QO s c r2 ta - 36 m R2 QO s c r2 
2222 452 432 - 12 m R2 r2 c QO Ri - 12 m R2 ta s QO r2 Ri + 6 m R2 ta s QO r2 Ri 

+ 6 m R2 5 c 3 QO 2 Ri + 3 m R2 4 c 3 QO 2 Ri 2 s 2 + 6 m R2 5 c 3 QO 2 Ri s 2 + 6 m R2 5 c 3 QO 2 r2 ta 2 

53222 322 4422 + 6 m R2 c QO r2 ta s - 24 m R2 r2 c QO Ri + 2 m R2 s c QO r2 ta Ri 
422 442 4322 

- 18 m R2 QO s c r2 Ri- 18 m R2 s c QO r2 Ri + 3 m R2 c QO r2 ta Ri 
432 22 23 22 33 22 + 3 m R2 c QO r2 ta s Ri + 24 m R2 r2 c QO ta Ri + 48 m R2 r2 c QO ta 

44 2 54 54 2 - m R2 s c QO qO Ri - 2 m R2 s c QO qO Ri - 2 m R2 s c QO qO r2 ta 
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43 2 53 55 53 -3mR2 c QORi qO-6mR2 c QORiqO-12mR2 tas QOr2qO+6mR2 tas QOr2qO 
43 22 53 2 53 2 - 3 m R2 c QO Ri qO s - 6 m R2 c QO Ri qO s - 6 m R2 c QO r2 ta qO 
53 22 22 2 45 

- 6 m R2 c QO r2 ta qO s + 12 m R2 r2 c QO Ri qO - 6 m R2 ta s QO r2 qO Ri 
43 44 2 43 2 + 3 m R2 ta s QO r2 qO Ri - m R2 s c QO qO r2 ta Ri - 3 m R2 c QO r2 ta qO Ri 
43 22 23 2 33 2 - 3 m R2 c QO r2 ta qO s Ri + 12 m R2 r2 c QO ta qO Ri + 24 m R2 r2 c QO ta qO 

3 2 + 24 m R2 r2 c QO Ri qO) 

> EO:=coeff(epsilon2,sl,O)i 
542 4422 5422 552 

EO := qO (-2 m R2 s c qO Ri - m R2 s c qO Ri - 2 m R2 s c qO r2 ta - 24 m R2 ta s QO r2 
4422 532 524 4322 - m R2 s c qO r2 ta Ri + 12 m R2 ta s QO r2 - 36 m R2 QO s c r2 + 3 m R2 c QO Ri 
4422 524 524 2 522 + 2 m R2 s c QO Ri + 4 m R2 QO seRi + 4 m R2 QO s c r2 ta - 36 m R2 QO s c r2 
2222 452 432 - 12 m R2 r2 c QO Ri - 12 m R2 ta s QO r2 Ri + 6 m R2 ta s QO r2 Ri 

+ 6 m R2 5 c 3 QO 2 Ri + 3 m R2 4 c 3 QO 2 Ri 2 s 2 + 6 m R2 5 c 3 QO 2 Ri s 2 + 6 m R2 5 c 3 QO 2 r 2 ta 2 

53222 322 4422 + 6 m R2 c QO r2 ta s - 24 m R2 r2 c QO Ri + 2 m R2 s c QO r2 ta Ri 
422 442 4322 - 18 m R2 QO s c r2 Ri- 18 m R2 s c QO r2 Ri + 3 m R2 c QO r2 ta Ri 

+3mR2 4 c 3 Q02 r2ta 2 s 2 Ri+24mR22r23cQ02 ta 2 Ri +48mR2 3 r2 3 cQ0 2 ta 2 
44 2 54 54 2 - m R2 s c QO qO Ri - 2 m R2 s c QO qO Ri - 2 m R2 s c QO qO r2 ta 
43 2 53 55 53 -3mR2 c QORi qO-6mR2 c QORiqO-12mR2 tas QOr2qO+6mR2 tas QOr2qO 
43 22 53 2 53 2 - 3 m R2 c QO Ri qO s - 6 m R2 c QO Ri qO s - 6 m R2 c QO r2 ta qO 
53 22 22 2 45 - 6 m R2 c QO r2 ta qO s + 12 m R2 r2 c QO Ri qO - 6 m R2 ta s QO r2 qO RI 
43 44 2 43 2 + 3 m R2 ta s QO r2 qO RI - m R2 s c QO qO r2 ta RI - 3 m R2 c QO r2 ta qO RI 
43 22 23 2 33 2 - 3 m R2 c QO r2 ta qO s RI + 12 m R2 r2 c QO ta qO RI + 24 m R2 r2 c QO ta qO 

3 2 + 24 m R2 r2 c QO RI qO) 

[> BS:=coeff(beta2.s1'S); 
B5:=O 

[> B4:=coeff(beta2,slA4)i 
B4:=O 

> B3:=coeff(beta2,slA3 ); 

B3:= qI (r2 2 RI 4 qI 2 + 4 r2 2 Ri 4 QI 2 _ r2 RI 4 qI 2 R2 + r2 2 RI 4 qi 2 ta 2 + 2 r2 RI
4 

QI
2 

R2 
+ 4 r2 2 Ri 4 Qi 2 ta 2 + 4 r2 2 RI 4 QI qI + 2 r2 m R2 5 s 5 Qi 2 + 2 r2 2 m R2 4 s 5 ta 2 qI 2 

2· 43 2 2 2 43 2 2 55 2 2 45 2 2 - 4 r2 m R2 s ta QI - r2 m R2 s ta qi - r2 m R2 s qi + 8 r2 m R2 s ta QI 

+ 12 r2 2 m R2 4 s 3 Qi 2 + 12 r2 2 m R2 4 s 5 QI 2 + 3 r2 m R2 5 s c 2 QI 2 + 6 r2 2 m R2 4 s 3 QI qi 

+ 3 r2 m R2 5 s3 c 2 QI 2 + 24 r2 4 m R2 2 s Qi 2 + 4 r2 2 RI
4 

QI qI ta 2 - r2 Ri
4 

QI R2 qI 
2452 2432 55 + 8 r2 m R2 s ta QI qI - 4 r2 m R2 s ta Qi ql - r2 m R2 s Qi qI 
245 52 532 42 +6r2 mR2 s QIqI-3r2mR2 sc QiqI-3r2mR2 sc QIqI+12r2 mR2 sQIqi) 

> B2:=coeff(beta2,slA2)i 

B2 := qO (r2 2 RI 4 qI 2 + 4 r2 2 Ri 4 QI 2 _ r2 Ri 4 qI 2 R2 + r2 2 RI 4 qI 2 ta 2 + 2 r2 RI
4 

Qi
2 R2 

+ 4 r2 2 Ri 4 Ql2 ta 2 + 4 r2 2 Ri 4 QI qi + 2 r2 m R2 5 s 5 QI 2 + 2 r2 2 m R2 4 s 5 ta 2 ql2 

_ 4 r2 2 m R2 4 s 3 ta 2 QI 2 _ r2 2 
111 R2 4 s 3 ta 2 qi 2 _ r2 m R2 5 s 5 qI 2 + 8 r2 2 m R2 4 

s 5 ta 2 QI 2 

+ 12 r2 2 
111 R2 4 s 3 QI 2 + 12 r2 2 m R2 4 s 5 QI 2 + 3 r2 m R2 5 

s c 2 Qi 2 + 6 r2 2 
111 R2

4 
s 3 QI qI 

+ 3 r2 111 R2 5 s3 c 2 Ql2 +24r2 4 m R2 2 s QI 2 +4r2 2 RI
4 

QI qI ta 2 -r2 RI
4 

QI R2qI 
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2452 2432 ·55 + 8 r2 m R2 s ta Qi qi - 4 r2 m R2 s ta Qi qi - r2 m R2 s Qi qi 

+ 6 r2 2 m R2 4 
8

5 Qi qi - 3 r2 m R2 5 
s c 2 Qi qi - 3 r2 m R2 5 

s 3 c 2 Qi qi + 12 r2 4 m R2 2 
s Qi q1)­

qi (2 r2 2 Ri 4 qO qi + 8 r2 2 RI 4 QO Qi + 4 r2 2 RI 4 QO qi + 4 r2 2 RI 4 Qi qO - 2 r2 Ri 4 qO qi R2 
+ 2 r2 2 Ri 4 qO qi ta 2 + 4 r2 Ri 4 QO Qi R2 + 8 r2 2 Ri 4 QO Qi ta 2 + 4 r2 2 m R2 4 s 5 ta 2 qO qi 

55 2432 55 +4r2mR28 QOQi-2r2 mR2 s ta qOqi-2r2mR2 8 qOqi 
+ 16 r2 2 m R2 4 s 5 ta 2 QO QI _ 8 r2 2 m R2 4 

s 3 ta 2 QO Qi + 24 r2 2 m R2 4 
s 3 QO Qi 

+ 24 r2 2 m R2 4 s 5 QO Qi + 6 r2 m R2 5 s c 2 QO Qi + 6 r2 2 m R2 4 
s 3 QO qi 

243 532 24 24 2 + 6 r2 m R2 8 Qi qO + 6 r2 m R2 s c QO Qi + 4 (r2 Ri QO qi + r2 Ri Qi qO) ta 

+ 48 r2 4 m R2 2 s QO QI - r2 Ri 4 QO R2 qi - r2 Ri 4 Qi R2 qO + 8 r2 2 m R2 4 s 5 ta 2 QO qi 
2452 2432 2432 + 8 r2 m R2 s ta Qi qO - 4 r2 m R2 s ta QO qi - 4 r2 m R2 s ta Qi qO 

55 55 245 245 
- r2 m R2 s QO qi - r2 m R2 s Qi qO + 6 r2 m R2 s QO qi + 6 r2 m R2 s QI qO 

52 52 532 532 
- 3 r2 111 R2 sc QO qi - 3 r2 m R2 s c QI qO - 3 r2 m R2 s c QO qi - 3 r2 m R2 s c Qi qO 

4 2 4 2 + 12 r2 m R2 s QO qi + 12 r2 m R2 s Qi qO) 

> Bl:=coeff(beta2 , s1)i 

BI := qO (2 r2 2 Ri 4 qO qi + 8 r2 2 RI 4 QO Qi + 4 r2 2 Ri 4 QO qi + 4 r2 2 Ri
4 

Qi qO - 2 r2 Ri
4 

qO qi R2 

+ 2 r2 2 Ri 4 qO qi ta 2 + 4 r2 Ri 4 QO Qi R2 + 8 r2 2 Ri 4 QO Qi ta 2 + 4 r2 2 m R2
4 

s 5 ta
2 

qO qi 
55 2432 55 + 4 r2 m R2 s QO Qi - 2 r2 m R2 s ta qO qi - 2 r2 m R2 s qO qi 

+ 16 r2 2 m R2 4 s 5 ta 2 QO Qi _ 8 r2 2 m R2 4 
s 3 ta 2 QO Qi + 24 r2 2 m R2 4 

s 3 QO Qi 
245 52 243 + 24 r2 m R2 s QO Qi + 6 r2 m R2 s c QO Qi + 6 r2 m R2 s QO qi 
243 532 24 24 2 + 6 r2 m R2 s Qi qO + 6 r2 m R2 s c QO Qi + 4 Cr2 Ri QO qi + r2 Ri Qi qO) ta 
42 4 4 2452 + 48 r2 m R2 s QO Qi - r2 RI QO R2 qi - r2 RI Qi R2 qO + 8 r2 m R2 s ta QO qi 
2452 2432 2432 + 8 r2 m R2 s ta QI qO - 4 r2 m R2 8 ta QO qi - 4 r2 m R2 s ta Qi qO 

_ r2 m R2 5 s 5 QO qi _ r2 m R2 5 s 5 Qi qO + 6 r2 2 m R2 4 
s 5 QO qi + 6 r2 2 m R2 4 

s 5 Qi qO 

_ 3 r2 m R2 5 s c 2 QO qi- 3 r2 m R2 5 s c 2 Qi qO - 3 r2 m R2 5 
s3 c 2 QO qi - 3 r2 m R2

5 
s3 c

2 
Qi qO 

42 42 242242 + 12 r2 m R2 s QO qi + 12 r2 m R2 s Qi qO) + qi (4 r2 Ri QO + r2 Ri qO 

+ 2 r2 ni R2 5 s5 Q02 _ r2 Ri 4 q02 R2 + r2 2 Ri 4 q02 ta 2 + 2 r2 Ri 4 Q02 R2 + 4 r2 2 Ri
4 

Q02 ta 2 

24 24522 2432224322 + 4 r2 Ri QO qO + 2 r2 m R2 s ta qO - 4 r2 m R2 s ta QO - r2 m R2 s ta qO 
_ r2 m R2 5 s5 q02 + 8 r2 2 m R2 4 s5 ta 2 Q02 + 12 r2 2 m R2 4 

s3 Q02 + 12 r2 2 m R2 4 
8

5 Q02 
522 243 5322 422 + 3 r2 m R2 s c QO + 6 r2 m R2 s QO qO + 3 r2 m R2 s c QO + 24 r2 m R2 s QO 

+ 4 r2 2 RI 4 QO qO ta 2 _ r2 RI 4 QO R2 qO + 8 r2 2 m R2 4 s 5 ta 2 QO qO - 4 r2 2 m R2
4 

s 3 ta
2 

QO qO 
55 245 52 532 

- r2 m R2 s QO qO + 6 r2 m R2 s QO qO - 3 r2 m R2 s c QO qO - 3 r2 m R2 s c QO qO 
4 2 + 12 r2 m R2 s QO qO) 

> BO:=coeff(beta2 I sl , O)i 

BO:= qO (4 r2 2 Ri 4 Q02 + r2 2 Ri 4 q02 + 2 r2 m R2 5 s5 Q02 _ r2 Ri 4 q02 R2 + r2 2 Ri
4 

q02 ta
2 

+ 2 r2 RI 4 Q02 R2+ 4 r2 2 RI 4 Q02 ta 2 + 4 r2 2 Ri 4 QO qO + 2 r2 2 m R2
4 

s5 ta 2 q02 
_ 4 r2 2 m R2 4 s3 ta 2 Q02 _ r2 2 m R2 4 s3 ta 2 q02 _ r2 m R2 5 s5 q02 + 8 r2 2 m R2 4 s5 ta 2 Q02 

+ 12 r2 2 m R2 4 S 3 QO 2 + 12 r2 2 m R2 4 s 5 QO 2 + 3 r2 m R2 5 
S c 2 QO 2 + 6 r2 2 m R2

4 
s 3 QO qO 

+ 3 r2 m R2 5 s3 c 2 Q02 + 24 r2 4 m R2 2 
s Q02 + 4 r2 2 RI

4 
QO qO ta

2 
- r2 Ri

4 
QO R2 qO 

2452 2432 55 + 8 r2 m R2 s ta QO qO - 4 r2 m R2 s ta QO qO - r2 m R2 s QO qO 
245 52' 532 42 + 6 r2 m R2 s QO qO - 3 r2 m R2 s c QO qO - 3 r2 m R2 s c QO qO + 12 r2 m R2 s QO qO) 
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> 

program No. 3 

Coefficients of the diff. eq. of the axial 

stress of a helix using two Maxwell models 

restartj 

> with(linalg): 

Warning, the protected names norm and trace have been redefined and 
unprotected 

> cl:=E*R1A2/(R1A2+m*R2A2}+m*E*R2A2/«R1A2+m*R2A2)*(r2+r2*taA 2+nu*R2»*«r 
2*ta A 2-nu*Rl)*s+R2A2*(1-2*sA2)*s*c A2/4/r2+R2A2*sA3*cA2* (1+nu)/2/r2-nuA2* 
R2A2*s*c A4*(Rl+r2*taA2)/4/r2A2/(1+nu»j 

ER1 2 
cl:=-----

R1 2 + m R2 2 

( 

2 2 2 232 2 2 4 2J mER22 (r2ta 2 _vRl)s+R2 (1-2s )sc +R2 sc (l+v)_v R2 sc (Rl+r2ta) 
4r2 2r2 4r2 2 (1+v) 

+---~---------------------------------------------~ 
(R1 2 + m R22) (r2 + r2 ta 2 + v R2) 

r
> c2:=r2*E*m*R2A2/(Rl+2*R2)/(R1À2+m*R2À2)/(r2+r2*taA2+nu*R2}*(r2*ta*s+R2 À2 

/4/(1+nu)/r2*«2*sA2-1)*sA2*c)-R2A2/2/r2*sÀ4*c-nuA 2*R2A3*sA2*c A 3/4/r2A2/ 
(l+nu»j 
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r2 E m R2 2 ( r2 ta s + R2
2 

(2 S 2 - 1) s 2 c _ R2
2 

S 4 c _ v 2 R2
3 

s 2 c 
3 

J 

4(1+v)r2 2r2 4r2 2 (1+v) 
c2:=--------~----------------------------------~ 

(RI + 2 R2) (RI 2 + m R22) (r2 + r2 ta 2 + v R2) 

[ 
> sigma:=cl*epsilon+c2*beta i 

0-:= 
RI 2 + m R2 2 

( 

2 2 2 232 2 2 4 2J mER22 (r2ta2_vRI)s+R2 (1-2s )sc +R2 sc (1+v)_v R2 sc (RI+r2ta) 
4r2 2r2 4r2 2 (1+v) 

+------~------------------------------------------------------~ 
(RI 2 + m R22) (r2 + r2 ta 2 + v R2) 

r2 E m R2 2 ( r2 ta s + R2 2 (2 s 2 - 1) s 2 c _ R2
2 

S 4 c _ v 2 R2
3 

S 2 c 
3 

J P 
4 (1 + v) r2 2 r2 4 r2 2 (1 + v) 

s+--------~----------------------------------~ 

(RI + 2 R2) (RI 2 + m R22) (r2 + r2 ta 2 + v R2) 

[ 
> sigmal:=subs(E=3*Q*q/(2*p*Q+q*P),nu=(p*Q-q*P)/(2*p*Q+q*P),sigma)i 

3 Q q RI 2 1 
0-1:= +---------------------------------------

(2p Q + q P) (RI 
2 

+ m R22) (2p Q + q P) (RI 2 + m R22) ( r2 + r2 ta 2 + (p Q - q P) R2î 
2pQ+qP) 

R22s32(1+PQ-qpî 

R2 2 ( 2 2 (p Q - q P) RI] R2 2 (1 - 2 s 2) s c 2 c 2 p Q + q p) 
q r ta - s + + ------~-----------'~ 

2p Q + q P 4 r2 2 r2 

2 2 4 2 (p Q - q P) R2 s c (RI + r2 ta ) 

4 (2 P Q + q p)2 r2 2 ( 1 + p Q - q P î 
2pQ+qP) 

1 

s+ 

(2 P Q + q P) (RI + 2 R2) (RI 2 + m R22) ( r2 + r2 ta 2 + (p Q - q P) R2î 
2pQ+qP) 
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[ 
[ 

222 24 2323 II + R2 (2 s - 1) s c _ R2 s c _ (p Q - q P) R2 S C fJ 

4 ( 1 + p Q - q P ) r2 2 r2 4 (2 p Q + q p)2 r2 2 ( 1 + p Q - q P J 
2pQ+qP 2pQ+qP 

> sigma2:=simplify(sigmal}i 

a2 := ((24 e Q 2 RI 3 r2 3 p2 + 12 e Q RI 3 r2 3 p q P + 24 e Q 2 RI 3 r2 3 p2 ta 2 + 12 e Q RI 3 r2 3 p ta 2 q P 

+ 12 e Q 2 RI 3 r2 2 p 2 R2 + 24 e Q 2 RI 2 r2 2 p 2 R2 2 _ 12 e Q RI 3 r2 2 p R2 q P 
22 2 33222 33 2 

- 24 e Q RI r2 p R2 q P + 48 e m R2 S r2 p Q ta + 24 e m R2 S r2 p Q ta q P 

_ 12 e m R2 2 
S r2 2 p2 Q2 RI 2 _ 24 e m R2 3 

S r2 2 p2 Q2 RI + 12 e m R2 2 
S r2 2 p Q RI 2 q P 

32 53222 532 + 24 e m R2 s r2 p Q RI q P + 12 e m R2 sep Q r2 - 12 e m R2 s c r2 p Q q P 
5222 52 44222 + 12 e m R2 sc r2 p Q + 6 e m R2 sc r2 p Q q P - [; m R2 sep Q RI 

5422 5422 2 44 2 
- 2 e m R2 sep Q RI - 2 e m R2 sep Q r2 ta + 2 e m R2 sep Q q P RI 

54 54 2 44222 + 4 e m R2 sep Q q P RI + 4 8 m R2 .'1 c p Q q P r2 ta - 8 m R2 s c q P RI 
5422 54222 2232 

- 2 8 m R2 .'1 c q P RI - 2 8 m R2 s c q P r2 ta + 48 8 Q RI r2 p R2 
23 22322 232 + 24 [; Q RI r2 p q P R2 + 48 8 Q RI r2 p ta R2 + 24 8 Q RI r2 p ta q P R2 
23222 23 2 43222 + 24 e m R2 s r2 p Q ta RI + 12 e m R2 .'1 r2 p Q ta q P RI + 6 e m R2 sep Q r2 RI 

432 4222 42 
- 6 e m R2 s c r2 p Q q P RI + 6 8 m R2 s c r2 p Q RI + 3 e m R2 .'1 C r2 p Q q P RI 

44222 44 2 44222 
- 8 m R2 .'1 c p Q r2 ta RI + 2 8 m R2 .'1 C p Q q P r2 ta RI - 8 m R2 s c q P r2 ta RI 

42 22 42 24422 + 24 r2 m R2 8 fJ ta p Q + 12 r2 m R2 8 fJ ta p Q q P - 4 r2 m R2 s fJ cp Q 
24222 244 242 

- 4 r2 m R2 s fJ cp Q + 2 r2 m R2 s fJ cp Q q P - 4 r2 m R2 .'1 fJ cp Q q P 
2442224222 52322 + 2 r2 m R2 .'1 fJ c q P - r2 111 R2 .'1 fJ c q P - r2 m R2 .'1 fJ C p Q 

523 523221 2 2 + 2 r2 m R2 s fJ c p Q q P - r2 m R2 .'1 fJ c q P ) q) (4 P r2 (2 r2 p Q + r2 q P + 2 r2 ta p Q 

+ r2 ta 2 q P+ R2p Q -R2 q P)(RI 2 + m R22) (RI + 2 R2)(2p Q + q P» 

> LHS1:=denom(sigma2}i 

2 2 2 2 2 LESI := 4 p r2 (2 r2 p Q + r2 q P + 2 r2 ta p Q + r2 ta q P + R2 p Q - R2 q P) (RI + m R2 ) (RI + 2 R2) 
(2p Q + q P) 

> LHS2:=subs(p=1+pl*sl,P=1+Pl*sl,q=ql*sl,Q=Ql*sl,LHS1}i 
2 2 LHS2 := 4 (1 + pl .'11) r2 (2 r2 (1 + pl sI) QI sI + r2 qi 81 (1 + Pl 81) + 2 r2 ta (1 + pl s1) QI sI . 

+ r2 ta 2 qi sI (1 + Pl s1) + R2 (1 + pl s1) QI sI - R2 qi sI (1 + Pl sI»(RI 2 + m R22) (RI + 2 R2)(2 
(1 + pl sI) QI 81 + qi sI (1 + Pl sI» 

> LHS3:=collect(LHS2,sl)i 
2 2 2 2 LHS3 := 4 pl r2 (2 r2 pl QI + r2 qi Pl + 2 r2 ta pl QI + r2 ta qi Pl + R2 pl QI - R2 qi Pl) (RI 

+ m R22) (RI + 2 R2) (2 pl QI + qi Pl) sI 5 + (4 (r2 2 (2 r2 pl QI + r2 q 1 Pl + 2 r2 ta 2 pl QI 
2 +r2ta qIPI+R2pIQI-R2qIPI) 

+ pl r2 2 (2 r2 QI + r2 qi + 2 r2 ta 2 QI + r2 ta
2 

qi + R2 QI - R2 qI»(RI
2 + m R22) (RI + 2 R2)(2 

pl QI + qi Pl) + 4 pl r2 2 (2 r2 pl QI + r2 qi Pl + 2 r2 ta 2 pl QI + r2 ta 2 qi Pl + R2 pl QI 

- R2 qi P I)(RI 2 + m R2 2)(RI + 2 R2)(2 QI + qI» sI
4 + (4 r2

2 
(2 r2 QI + r2 qi + 2 r2 ta

2 
QI 
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+ r2 ta
2 

qi + R2 QI - R2 qI)(RI 2 + m R22) (RI + 2 R2)(2 pl QI + qi Pl) + 4 (r2 2 (2 r2 pl QI 

+r2 qi Pl +2 r2 ta 2 pl QI +r2 ta 2 qi Pl +R2pI QI-R2qI Pl) 

+ pl r2
2 

(2 r2 QI + r2 qi + 2 r2 ta 2 QI + r2 ta 2 qi + R2 QI - R2 qI»)(RI 2 + m R22) (RI + 2 R2)(2 

QI + qI) sI
3 + 4 r2 2 

(2 r2 QI + r2 qi + 2 r2 ta 2 QI + r2 ta 2 qi + R2 QI - R2 qI) (RI 2 + m R22) (RI 
+ 2 R2) (2 QI + qI) sI 2 

> RHSl:=numer(sigma2)i 

RHSI := q (24 e Q 2 RI 3 r2 3 p 2 + 12 e Q RI 3 r2 3 p q P + 24 e Q 2 RI 3 r2 3 p 2 La 2 

+ 12 e Q RI 3 r2 3 p ta 2 q P + 12 e Q2 RI 3 r2 2 p2 R2 + 24 e Q 2 RI 2 r2 2 p 2 R2 2 

- 12 e Q RI 3 r2 2 p R2 q P _ 24 e Q RI 2 r2 2 p R2 2 q P + 48 e m R2 3 s r2 3 p 2 Q 2 ta 2 

33 2 22222 322? + 24 e m R2 s r2 p Q ta q P - 12 e m R2 s r2 p Q RI - 24 e m R2 s r2 p Q - RI 
22 2 32 53222 + 12 e m R2 s r2 p Q RI q P + 24 e m R2 s r2 p Q RI q P + 12 e m R2 sep Q r2 
532 52 22 52 - 12 e m R2 s c r2 p Q q P + 12 e m R2 sc r2 p Q + 6 e m R2 sc r2 p Q q P 

44222 5422 5422 2 - e m R2 8 c p Q RI - 2 e m R2 sep Q RI - 2 F. m R2 sep Q r2 ta 
44 2 54 54 2 + 2 e m R2 sep Q q P RI + 4 e m R2 sep Q q P RI + 4 e m R2 8 c p Q q P r2 ta 

44222 5422 54222 - e m R2 s c q P RI - 2 e m R2 s c q P RI - 2 e m R2 8 c q P r2 ta 

+ 48 e Q 2 RI 2 r2 3 p 2 R2 + 24 e Q RI 2 r2 3 p q P R2 + 48 F. Q 2 RI 2 r2 3 p 2 ta 2 R2 
232 23222 23 2 + 24 e Q RI r2 p ta q P R2 + 24 e m R2 s r2 p Q ta RI + 12 e m R2 s r2 p Q ta q P RI 
43222 432 42 22 + 6 e m R2 sep Q r2 RI - 6 e m R2 8 C r2 p Q q P RI + 6 e m R2 8 C r2 p Q RI 
42 . 4422 2 44 2 + 3 F. m R2 s c r2 p Q q P RI - s m R2 8 c p Q r2 ta RI + 2 e m R2 sep Q q P r2 ta RI 

44222 42 22 42 - e m R2 sc q P r2 ta RI + 24 r2 m R2 s fJ tap Q + 12 r2 m R2 s fJ tap Q q P 
24422 24222 244 

- 4 r2 m R2 8 fJ cp Q - 4 r2 m R2 s fJ cp Q + 2 r2 m R2 s fJ cp Q q P 
242 2442224222 

- 4 r2 m R2 s fJ cp Q q P + 2 r2 m R2 s fJ c q P - r2 m R2 8 fJ c q P 
52322 523 52322 - r2 m R2 s fJ c p Q + 2 r2 m R2 8 fJ c p Q q P - r2 m R2 8 fJ C q P ) 

> RHS2:=subs(p=1+pl*sl,P=1+Pl*sl,q=ql*sl,Q=Ql*sl,RHSl) i 

4422 22 5422 2 RHS2:=qI8I(-emR2 8C qi sI (1+PI81) RI -2emR2 sc qi sI (l+PIsI) RI 
5 422 2 2 442 2 2 2 -2smR2 8C ql sI (1+PI8I) r2ta -smR2 8C qi 81 (1+PIsI) r2ta RI 

244 22 2242 22 2 + 2 r2 11'1 R2 s fJ c qi 81 (1 + Pl 81) - r2 11'1 R2 s fJ c qi sI (1 + Pl sI) 

- r2 m R2 5 s 2 fJ c 3 qI 2 sI 2 (1 + Pl s1)2 + 24 e QI 2 sI 2 RI 3 r2 3 (1 + pl sI)2 

+ 24 e QI 2 s12 RI 3 r2 3 (1 + pl sI)2 ta 2 + 12 s QI 2 sI 2 RI 3 r2 2 (1 + pl s1)2 R2 

+ 24 e QI 2 s1 2 RI 2 r2 2 (1 + pl s1)2 R2 2 + 48 e 11'1 R2 3 s r2 3 (1 + pl s1)2 QI 2 sI 2 ta 2 

- 12 e m R2 2 s r2 2 (1 + pl sI)2 QI 2 sI 2 RI 2 - 24 e 11'1 R2 3 s r2 2 (1 + pl sI)2 QI 2 sI 2 RI 
532 222 52 222 + 12 e m R2 s c (1 + pl sI) QI sI r2 + 12 e 11'1 R2 sc r2 (1 + pl sI) QI sI 

- s 11'1 R2 4 s c 4 (1 + pl sI)2 QI 2 sI 2 RI 2 - 2 e 11'1 R2 5 s c 4 (1 + pl s1)2 QI 2 sI 2 RI 
54 2222 2223 2 - 2 e 11'1 R2 8 c (1 + pl s1) QI sI r2 ta + 48 e QI sI RI r2 (1 + pl s1) R2 

+ 48 s QI 2 s1 2 RI 2 r2 3 (1 + pl sI)2 ta 2 R2 + 24 s 11'1 R2 2 s r2 3 (1 + pl s1)2 QI 2 sI 2 ta 2 RI 

+ 6 s 11'1 R2 4 s 3 c 2 (1 + pl sI)2 QI 2 sI 2 r2 RI + 6 e 11'1 R2 4 s c 2 r2 (1 + pl s1)2 QI 2 sI 2 RI 
44 2222 42 222 - s 11'1 R2 sc (1 + pl sI) QI sI r2 ta RI + 24 r2 m R2 s fJ ta (1 + pl sI) QI sI 

244 222 242 222 - 4 r2 m R2 s fJ c (1 + pl sI) QI sI - 4 r2 11'1 R2 s fJ c (1 + pl sI) QI sI 

- r2 m R2 5 s 2 fJ c 3 (1 + pl s1)2 QI 2 sI 2 + 12 s QI sI 2 RI 3 r2 3 (1 + pl sI) qi (1 + Pl sI) 

+ 12 s QI sI 2 RI 3 r2 3 (1 + pl sI) ta 2 ql (1 + Pl sI) 

- 12 s QI s12 RI 3 r2 2 (1 + pl sI) R2 qi (1 + Pl 81) 
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2 2 2 2 - 24 e QI sI RI r2 (1 + pl sI) R2 qi (1 + Pl sI) 
+ 24 e m R2 3 s r2 3 (1 + pl sI) QI sI 2 ta 2 qi (1 + Pl sI) 

2 2 2 2 + 12 li m R2 s r2 (l + pl sI) QI sI RI qi (1 + Pl sI) 
3 2 2 + 24 e m R2 s r2 (1 + pl sI) QI sI RI qi (1 + Pl sI) 

5 3 2 2 - 12 s m R2 s c r2 (1 + pl sI) QI sI qi (1 + Pl sI) 
5 2 2 + 6 sm R2 sc r2 (l + pl sI) QI sI qi (1 + Pl sI) 
442 2 + 2 s m R2 sc (1 + pl sI) QI sI ql (1 + Pl sI) RI 
542 + 4 s m R2 sc (1 + pl sI) QI sI qi (1 + Pl sI) RI 
5 4 2 2 + 4 e 111 R2 sc (1 + pl sI) QI sI qi (1 + Pl sI) r2 ta 

2 2 3 + 24 s QI sI RI r2 (1 + pl sI) q1 (1 + Pl sI) R2 
2 2 3 2 + 24 s QI sl R1 r2 (1 + pl sI) ta q1 (1 + Pl sI) R2 

2 3 2 2 + 12 li m R2 s r2 (l + pl s1) QI sI ta q1 (1 + Pl sI) RI 
4 3 2 2 - 6 s m R2 s c r2 (1 + pl sI) Q1 sl qi (1 + Pl sI) RI 
4 2 2 + 3 sm R2 sc r2 (1 + pl sI) QI sI ql (1 + Pl sI) RI 
4 4 2 2 +2smR2 sc (1+plsI)Qlsi qI(1+PlsI)r2ta R1 

+ 12 r2 4 m R2 2 s fJ ta (1 + pl sI) QI sl2 ql (1 + Pl sI) 
2 4 4 2 + 2 r2 ni R2 s fJ c (1 + pl sI) QI sI qi (1 + Pl sl) 

2 4 2 2 - 4 r2 m R2 s fJ c (1 + pl sI) QI sl ql (1 + Pl sI) 
5 2 3 2 + 2 r2 m R2 s fJ c (1 + pl sI) Q1 sl q1 (1 + Pl sI) 

[ 
> RHS3epsilon:=collect(RHS2,epsilon)i 

. 4422 22 5422 2 RHS3epsllon:=qIs1(-mR2 sc q1 sI (l+PIsI) RI -2mR2 sc ql sI (l+PlsI) RI 
5422 22 4422 22 -2mR2 sc ql sI (1+PlsI) r2ta -mR2 sc ql sI (l+PlsI) r2ta RI 

+ 24 QI 2 sI 2 RI 3 r2 3 (1 + pl sl)2 ta 2 + 24 Ql2 sI 2 RI 3 r2 3 (l + pl sI)2 

_ 12 m R2 2 s r2 2 (1 + pl sl)2 QI 2 sI 2 RI 2 + 12 Q1 2 s1 2 RI 3 r2 2 (1 + pl sI)2 R2 
+ 24 Q1 2 s1 2 R1 2 r2 2 (1 + pl sI)2 R2 2 + 48 m R2 3 s r2 3 (1 + pl sI)2 Q1 2 sl2 ta 2 

_ 2 m R2 5 sc 4 (1 + pl sI)2 Q1 2 sl2 RI + 48 Ql2 sl2 R1 2 r2 3 (1 + pl sI)2 R2 
_ 24 m R2 3 s r2 2 (l + pl s I)2 QI 2 sI 2 RI + 12 m R2 5 s 3 c 2 (1 + pl s1)2 Q1 2 sI 2 r2 

52 222 44 2222 + 12 m R2 sc r2 (1 + pl sI) Q1 sl - m R2 sc (1 + pl sI) QI sI RI 
44 2222 233 - m R2 sc (l + pl sl) QI sI r2 ta R1 + 12 QI sl RI r2 (1 + pl sl) qi (1 + Pl sI) 
54 2222 2223 22 - 2 m R2 sc (l + pl sI) QI sI r2 ta + 48 QI sI RI r2 (l + pl sI) ta R2 

+ 24 m R2 2 s r2 3 (1 + pl sI)2 Ql2 sl2 ta 2 RI + 6 m R2 4 s 3 c 2 (1 + pl sI)2 Ql2 sI 2 r2 RI 

+ 6 m R2 4 s c 2 r2 (1 + pl sI)2 Ql2 s1 2 RI + 12 m R2 2 s r2 2 (1 + pl sI) QI s1 2 R1 2 q1 (1 + Pl sI) 
+ 24 m R2 3 s r2 2 (1 + pl sI) QI s12 R1 q1 (1 + Pl sI) 

- 12 m R2 5 s3 c 2 r2 (1 + pl sI) QI s1 2 ql (1 + Pl sI) 
2 3 3 2 + 12 QI sI RI r2 (1 + pl sI) ta ql (1 + Pl sI) 

- 12 QI sI 2 RI 3 r2 2 (1 + pl sI) R2 q1 (1 + Pl sI) 
- 24 QI s1 2 RI 2 r2 2 (1 + pl sI) R2 2 qi (1 + Pl sI) 

3 3 2 2 + 24 m R2 s r2 (1 + pl sI) QI sI ta q1 (1 + Pl sI) 
5 2 2 + 6 m R2 sc r2 (l + pl sI) QI sI ql (1 + Pl sI) 
442 2 + 2 m R2 sc (1 + pl sI) QI sI qi (1 + Pl sI) RI 
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5 4 2 + 4 m R2 s c (1 + pl s 1) Q 1 s 1 q 1 (1 + Pl s 1) RI 
5 4 2 2 + 4 m R2 sc (l + pl s1) QI sl q1 (1 + Pl s1) r2 ta 

+ 24 QI s1 2 R1 2 r2 3 (1 + pl s1) q1 (1 + Pl sI) R2 

+ 24 Q1 s1 2 R1 2 r2 3 (1 + pl s1) ta 2 ql (1 + Pl s1) R2 
+ 12 m R2 2 s r2 3 (1 + pl s1) QI sI 2 ta 2 qi (1 + Pl sI) RI 

4 3 2 2 -6mR2 sc r2(1+pls1)Q1sI q1(1+PIs1)R1 
4 2 2 + 3 m R2 sc r2 (1 + pl s1) Q1 sI q1 (1 + Pl s1) RI 
4 4 2 2 + 2 m R2 sc (l + pl s1) QI sl q1 (1 + Pl s1) r2 ta R1) e + q1 sl ( 

244 222 242 222 -4 r2 m R2 s fi e (1 + pl sl) Q1 sl - 4 r2 m R2 .'1 fi c Cl + pl .'11) QI sI 
523 222 42 2 -r2mR2 s pc (1+p1s1) QI sI +12r2 mR2 sfita(1+p1s1)Q1s1 q1(1+P1s1) 

244 22 2242 22 2 + 2 r2 m R2 .'1 pc q1 .'11 (1 + Pl .'11) - r2 111 R2 .'1 pc q1 sl (1 + Pl sI) 
52322 2 244 2 -r2111R2 s pc q1 sl (1+P1s1) +2r2 111R2 s pc(1+p1s1)Q1s1 q1(l+P1s1) 

2 4 2 2 - 4 r2 111 R2 s pc (1 + pl s1) QI sI qi (1 + Pl s1) 
523 2 42 222 + 2 r2 m R2 s pc (1 + pl sl) QI sl q1 (1 + Pl s1) + 24 r2 111 R2 s fi ta (1 + pl s1) Q1 sI ) 

[ 
> RHS3beta:=collect(RHS2,beta); 

242 222 523 222 
RHS3beta;= q1 sl (-4 r2 111 R2 s c (1 + pl s1) QI sI - r2 111 R2 s c (1 + pl 81) QI sI 

42 222 244 222 + 24 r2 111 R2 s ta (1 + pl sl) Q1 sI - 4 r2 111 R2 s c (1 + pl s1) QI sI 
24422 224222 2 + 2 r2 111 R2 .'1 e qi sl (1 + Pl s1) - r2 111 R2 s e qi sI (l + Pl s1) 

52322 2 42 2 -r2111R2 sc ql sl (1+PIsJ) +12r2 111R2 sta(1+p1s1)Q1s1 q1(l+P1s1) 
2 4 4 2 +2r2 111R2 s c(1+pls1)Q1s1 q1(1+PIs1) 

2 4 2 2 - 4 r2 111 R2 s c (1 + pl s1) QI sI q1 (1 + Pl s1) 
5 2 3 2 + 2 r2 111 R2 s c (1 + pl s1) QI sI q1 (1 + Pl sI)) fi + qi sI ( 

-e 111 R2 4 s c 4 q1 2 s1 2 (1 + Pl s1)2 R1 2 - 2 S 111 R2 5 s C 
4 q1 2 s1 2 

(1 + Pl sl)2 RI 

_ 2 S m R2 5 s c 4 q1 2 s1 2 (l + Pl .'11)2 r2 ta 2 - S 111 R2 4 
.\' C 

4 q1 2 .'11 2 (l + Pl sli r2 ta
2 

RI 
2233 2 2233 22 + 24 S QI sI R1 r2 (1 + pl sI) + 24 e Q1 sI RI r2 (1 + pl sI) ta 

+ 12 S Q1 2 sI 2 R1 3 r2 2 (1 + pl sl)2 R2 + 24 S Q1 2 s1 2 R1 2 r2 2 
(1 + pl s1)2 R2

2 

33 2222 22 2222 + 48 S 111 R2 s r2 (1 + pl sI) QI sl ta - 12 S 111 R2 s r2 (1 + pl sI) Q1 sI RI 
32 222 532 222 

- 24 e 111 R2 s r2 (1 + pl sI) QI sI RI + 12 e m R2 8 c (1 + pl sI) QI sI r2 
52 222 44 2222 + 12 e m R2 sc r2 (1 + pl sl) Q1 sI - S m R2 sc (l + pl s1) Q1 sI RI 

54 222 54 2222 
- 2 S m R2 s c (l + pl s1) QI sI R1 - 2 S m R2 s c (l + pl s1) QI sI r2 ta 
+ 48 S Q1 2 s1 2 R1 2 r2 3 (1 + pl s1)2 R2 + 48 e Q1 2 s1 2 R1 2 r2 3 

(1 + pl sl)2 ta
2 

R2 

+ 24 S m R2 2 s r2 3 (1 + pl s1)2 Q1 2 sI 2 ta 2 RI + 6 S m R2 4 s 3 c 2 (1 + pl s1)2 QI
2 

s1
2 

r2 RI 
+ 6 e m R2 4 s c 2 r2 (1 + pl 81)2 Q1 2 81 2 R1- S m R2 4 s c 4 (1 + pl s1)2 Q1

2 
s1

2 
r2 ta

2 
RI 

2 3 3 + 12 e QI sl RI r2 (1 + pl sI) qi (1 + Pl s1) 
2 3 3 2 + 12 S QI sl R1 r2 (1 + pl sI) ta q1 (l + Pl s1) 

- 12 S Q 1 sI 2 RI 3 r 2 2 (1 + pIs 1) R2 q 1 (1 + Pl 81) 

_ 24 E: QI 81 2 RI 2 r2 2 (1 + pl 81) R2 2 q 1 (1 + Pl 81) 

+ 24 e 111 R2 3 8 r 2 3 (1 + pl s 1) Q1 sI 2 ta 2 q 1 (1 + PIs 1) 
2 2 2 2 + 12 e m R2 s r 2 (1 + pl s 1) QI s 1 RI q 1 (1 + Pl .'11) 

+ 24 E: m R2 3 s r2 2 (1 + pl s1) QI s1 2 RI q1 (1 + Pl s1) 
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5 3 2 2 
- 12 s m R2 s c r2 (1 + pl s1) QI sI q1 (1 + Pl s1) 

5 2 2 + 6 s m R2 sc r2 (1 + pl s1) QI sI q1 (1 + Pl sI) 

+ 2 S 111 R2
4 

s c
4 

(1 + pl s1) QI s1 2 q1 (1 + Pl s1) R1 2 
542 + 4 S m R2 sc (1 + pl s1) QI .'11 q1 (1 + Pl sI) RI 

+ 4 S m R2 5 s c 4 (1 + pIs 1) QI sI 2 q 1 (1 + PIs 1) r2 ta 2 

+ 24 8 QI s1 2 R1 2 r2 3 (1 + pl sI) q1 (1 + Pl s1) R2 

+ 24 S QI s1 2 R1 2 r2 3 (1 + pl s1) ta 2 q1 (1 + Pl sI) R2 
2 3 2 2 + 12 S m R2 s r2 (1 + pl sI) QI sI ta q1 (1 + Pl s1) RI 

4 3 2 . 2 
- 6 8 m R2 s c r2 (l + pl s1) QI sI q1 (1 + Pl s1) RI 

4 2 2 + 3 sm R2 sc r2 (1 + pl sI) QI sI q1 (1 + Pl sI) RI 
442 2 + 2 8 m R2 sc (1 + pl s1) QI sI q1 (1 + Pl s1) r2 ta RI) 

> betal:=coeff(RHS3beta,beta,l)i 

fil := q1 sI (-4 r2 2 m R2 4 s 2 c (1 + pl sl)2 Q1 2 s1 2 - r2 m R2 5 
S 2 c 3 (1 + pl s1)2 Q1 2 s1 2 

+ 24 r2 4 m R2 2 s ta (1 + pl sl)2 Q1 2 s1 2 - 4 r2 2 m R2 4 s 4 c (1 + pl sl)2 Q1 2 s1 2 

+ 2 r2 2 m R2 4 s 4 c q1 2 s1 2 (1 + Pl sl)2 _ r2 2 m R2 4 s 2 c q12 s1 2 (1 + Pl sl)2 

- r2 m R2 5 s 2 c 3 q1 2 s1 2 (l + Pl sl)2 + 12 r2 4 m R2 2 
S ta (l + pl .'Il) QI s1 2 q1 (1 + Pl .'Il) 

+ 2 r2 2 m R2 4 
S 4 c (1 + pl s1) QI s1 2 q1 (1 + Pl .'Il) 

2 4 2 2 . -4r2 mR2 s c(1+p1s1)Q1s1 q1(1+P1s1) 
5 2 3 2 + 2 r2 m R2 s c (1 + pl .'Il) QI .'Il q1 (l + Pl 81)) 

> beta2:=collect(betal,sl); 
52322 42 24422 fi2:=q1(-r2mR2 sc q1 Pl +12r2 mR2 stap1Q1q1Pl-4r2 mR2 s cp1 QI 

+ 24 r2 4 m R2 2 s tapI 2 Q1 2 + 2 r2 2 m R2 4 s4 c pl QI q1 Pl + 2 r2 2 m R2 4 s4 c q1 2 P 12 
24222 242 24222 -4r2 mR2 8 cp1 QI -4r2 mR2 s cp1Q1q1P1-r2 mR2 s cq1 Pl 

52322 523 5 244 2 - r2 m R2 s c pl QI + 2 r2 m R2 S c pl QI q1 Pl) .'Il + q1 (-8 r2 m R2 S c pl QI 
42 2 2442 242 2 + 48 r2 m R2 s ta pl QI + 4 r2 m R2 s c q1 Pl - 8 r2 m R2 S c pl QI 

242 242 2422 -4r2 mR2 8 cQ1q1Pl-4r2 mR2 S cp1Q1ql-2r2 mR2 s cq1 Pl 
523 2 523 523 - 2 r2 m R2 s c pl QI + 2 r2 m R2 s c QI q1 Pl + 2 r2 m R2 s c pl QI q1 

- 2 r2 m R2 5 s 2 c 3 q1 2 Pl + 2 r2 2 m R2 4 s 4 c QI q1 Pl + 2 r2 2 m R2 4 s 4 c pl QI q1 
42 42 4 2422 +12r2 mR2 staQ1q1P1+12r2 mR2 stap1Q1ql)sl +q1(-4r2 mR2 s cQ1 

242 2422 5232 523 - 4 r2 m R2 S c QI q1 - r2 m R2 S c q1 - r2 m R2 S c QI + 2 r2 m R2 S c QI q1 
5232 42 2 244 42 - r2 m R2 s c q1 + 24 r2 m R2 S ta QI + 2 r2 m R2 s c QI q1 + 12 r2 m R2 s ta QI q1 

2442 24423 -4r2 mR2 s cQ1 +2r2 mR2 s cq1 )sl 

[ 
> epsilonl:=coeff(RHS3epsilon,epsilon,l); 

4422 22 5422 2 sJ:=q1s1(-mR2 sc q1 sI (1+P1s1) RI -2mR2 sc q1 sI (l+P1s1) RI 
5422 22 4422 22 -2mR2 sc q1 sI (1+P1s1) r2ta -mR2 sc q1 .'Il (1+P1s1) r2ta RI 

+ 24 Q1 2 sI 2 R1 3 r2 3 (1 + pl sl)2 ta 2 + 24 Q1 2 s1 2 R1 3 r2 3 (1 + pl sl)2 

_ 12 m R2 2 s r2 2 (1 + pl sl)2 Q1 2 s1 2 R1 2 + 12 Q1 2 s1 2 R1 3 r2 2 (1 + pl s1)2 R2 

+ 24 Q1 2 s1 2 R1 2 r2 2 (1 + pl sl)2 R2 2 + 48 m R2 3 s r2 3 (1 + pl sl)2 Q1 2 s1 2 ta 2 

- 2 m R2 5 s c 4 (l + pl sl)2 Q1 2 s1 2 RI + 48 Q1 2 s1 2 R1 2 r2 3 (1 + pl sl)2 R2 
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- 24 m R2 3 8 r2 2 (1 + pl 81)2 Ql2 sl2 RI + 12 m R2 5 8 3 c 2 (1 + pl s1)2 Ql2 sl2 r2 

+ 12 m R2 5 s c 2 r2 (1 + pl s1)2 Ql2 sl2 - m R2 4 s c 4 (1 + pl sl)2 Ql2 sl2 Rl 2 

- m R2 4 sc 4 (1 + pl s1)2 QI2 sl2 r2 ta 2 RI + 12 QI sl2 RI 3 r2 3 (l + pl sI) ql (1 + Pl s1) 

_ 2 m R2 5 s c 4 (1 + pl s1)2 QI 2 sl2 r2 ta 2 + 48 Ql2 sl2 Rl 2 r2 3 (1 + pl s1)2 ta 2 R2 
+ 24 m R2 2 s r2 3 (l + pl s1)2 Ql2 sl2 ta 2 RI + 6 m R2 4 s 3 c 2 (1 + pl s1)2 Ql2 sl2 r2 RI 

+ 6 m R2 4 s c 2 r2 (1 + pl s1)2 Q/2 sl2 RI + 12 m R2 2 s r2 2 (1 + pl sI) QI sl2 Rl 2 ql (1 + Pl sI) 

+ 24 m R2 3 s r2 2 (1 + pl sI) QI sl2 RI ql (1 + Pl s1) 
5 3 2 2 - 12 m R2 s c r2 (1 + pl 81) QI sI ql (1 + Pl s1) 

+ 12 QI sl2 Rl 3 r2 3 (1 + pl s1) ta 2 ql (1 + Pl s1) 
2 3 2 - 12 QI sI RI r2 (1 + pl s1) R2 ql (1 + Pl s1) 
2 2 2 2 - 24 QI sI RI r2 (1 + pl s1) R2 ql (1 + Pl s1) 

+ 24111 R2 3 s r2 3 (1 + pl s1) QI s12 ta 2 ql (1 + Pl s1) 
5 2 2 + 6 m R2 sc r2 (1 + pl sI) QI sI ql (l + Pl s1) 

+ 2 m R2 4 s c 4 (1 + pl s1) QI s12 ql (1 + Pl sI) R1 2 

5 4 2 + 4 m R2 s c (1 + pIs 1) QI sI q 1 (1 + PIs 1) RI 
5 4 2 2 + 4 m R2 sc (1 + pl s1) QI sI ql (1 + Pl sI) r2 ta 

+ 24 QI sI 2 R1 2 r 2 3 (1 + pl s 1) q 1 (1 + Pl s 1) R2 
2 2 3 2 + 24 QI sI RI r2 (1 + pl s1) ta ql (1 + Pl s1) R2 

+ 12 m R2 2 s r2 3 (1 + pl sI) QI s12 ta 2 ql (1 + Pl sI) RI 
4 3 2 2 -6mR2 sc r2(1+pls1)Qlsl ql(1+Pls1)Rl 
4 2 2 + 3 m R2 sc r2 (1 + pl s1) QI sI ql (1 + Pl sI) RI 
4 4 2 2 + 2 m R2 sc (1 + pl s1) QI sI ql (1 + Pl sI) r2 ta RI) 

> epsilon2:=collect(epsilonl,sl); 

e2 := ql (24 Q12 R1 3 r2 3 p12 _ m R2 4 sc 4 q12 P 12 R1 2 - 2 m R2 5 sc 4 q12 P 1 2 RI 
54222 44222 23322 - 2 m R2 sc ql Pl r2 ta - m R2 sc ql Pl r2 ta RI + 24 QI RI r2 pl ta 

_ 12 m R2 2 s r2 2 p12 QI 2 R1 2 + 12 QI 2 R1 3 r2 2 p12 R2 + 24 QI 2 R1 2 r2 2 p12 R2 2 

+ 48 m R2 3 s r2 3 p12 Q12 ta 2 _ 2 m R2 5 s c 4 p12 Q12 RI + 48 QI 2 R1 2 r2 3 p12 R2 
_ 24 m R2 3 s r2 2 p12 Q12 RI + 12 m R2 5 s 3 c 2 p12 Q12 r2 + 12 m R2 5 s c 2 r2 p12 Ql2 

44222 44222 33 - m R2 sc pl QI RI - m R2 sc pl QI r2 ta RI + 12 QI RI r2 pl ql Pl 
54222 22322 23222 - 2 m R2 s c pl QI r2 ta + 48 QI RI r2 pl ta R2 + 24 m R2 s r2 pl QI ta RI 
43222 42 22 22 2 + 6 m R2 s c pl QI r2 RI + 6 m R2 sc r2 pl QI RI + 12 m R2 s r2 pl QI RI ql Pl 

+ 24 m R2 3 s r2 2 pl QI RI ql Pl- 12 m R2 5 s 3 c 2 r2 pl QI ql Pl + 12 QI R1 3 r2 3 pl ta
2 

ql Pl 

_ 12 QI RI 3 r 2 2 pl R2 q 1 Pl - 24 QI RI 2 r 2 2 pl R2 2 q 1 Pl + 24 m R2 3 s r 2 3 pl QI ta 2 q 1 Pl 
52 44 2 54 + 6 m R2 sc r2 pl QI ql Pl + 2 m R2 sc pl QI ql Pl RI + 4 m R2 sc pl QI ql Pl RI 

+4m R2 5 s c 4 pl QI ql Pl r2 ta 2 + 24 QI R1 2 r2 3 pl ql Pl R2 + 24 QI R1
2 

r2
3 
pl ta

2 
ql Pl R2 

+ 12 m R2 2 s r2 3 pl QI ta 2 ql Pl RI - 6 m R2 4 s 3 c 2 r2 pl QI ql Pl RI 
42 44 2 5 54 + 3 m R2 sc r2 pl QI ql Pl RI + 2 m R2 sc pl QI ql Pl r2 ta RI) sI + ql (4 (m R2 sc 

5 4 2 2 3 3 
QI ql Pl + m R2 sc pl QI ql) r2 ta + 48 QI RI r2 pl 

44 44 2 442 2 
+2(mR2 sc QlqlPl+mR2 sc pl QI ql)r2ta Rl-2mR2 sc ql PlRl 

542 542 2 442 2 -4mR2 sc ql PlRl-4mR2 sc ql Plr2ta -2mR2 sc ql Plr2ta RI 

+ 48 Q12 R1 3 r2 3 pl ta 2 _ 24 m R2 2 s r2 2 pl Q12 R1 2 + 24 Q12 R1 3 r2 2 pl R2 
+ 48 QI 2 R1 2 r2 2 pl R2 2 + 96 m R2 3 s r2 3 pl QI 2 ta 2 _ 4 m R2 5 s c 4 pl QI 2 RI 
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[ 

+ 96 QI 2 RI 2 r2 3 pl R2 - 48 m R2 3 s r2 2 pl QI 2 RI + 24 m R2 5 s 3 c 2 pl QI 2 r2 
52 2 44 22 44 22 + 24 m R2 sc r2 pl QI - 2 m R2 sc pl QI RI - 2 m R2 sc pl QI r2 ta RI 
33 33 54 22 + 12 QI RI r2 pl qi + 12 QI RI r2 qi Pl - 4 m R2 sc pl QI r2 ta 

+96QI 2 RI 2 r2 3 pl ta 2 R2+48mR2 2 sr2 3 pl QI 2 ta 2 RI + 12mR2 4 
s3 c 2 pl QI 2 r2 RI 

+ 12 m R2 4 s c 2 r2 pl QI 2 RI + 12 m R2 2 s r2 2 pl QI RI 2 qi + 12 m R2 2 s r2 2 QI RI 2 qi Pl 
+ 24 m R2 3 s r2 2 pl QI RI qi + 24 m R2 3 s r2 2 QI RI qi Pl 

+ 2 (m R2 4 s c 4 QI qi Pl + m R2 4 s c 4 pl QI qI) RI 2 
54 54 532 + 4 (m R2 sc QI qi Pl + m R2 sc pl QI qI) RI - 12 m R2 s c r2 pl QI qi 

- 12 m R2 5 s3 c 2 r2 QI qi Pl + 12 QI RI 3 r2 3 pl ta 2 qi + 12 QI Ri 3 r2 3 ta 2 qi Pl 

-12 QI RI 3 r2 2 pl R2 qI-12 QI RI 3 r2 2 R2qI Pl - 24 QI RI 2 r2 2 pl R2 2 qi 
222 33 2 33 2 -24QI RI 1'2 R2 qi PI+24mR2 sr2 pl QI ta qI+24mR2 sr2 QI ta qi Pl 

5 2 5 2 +6mR2 sc r2pIQiqi+6mR2 sc r2QIqIPI 

+ 24 (Qi RI 2 1'2 3 qi Pl + QI RI 2 1'2 3 pl ql)R2 
+ 24 (QI Ri 2 1'2 3 ta 2 qi Pl + QI RI 2 1'2 3 pl ta 2 qI) R2 

+ 12(mR2 2 sr2 3 QI ta 2 qi Pl +mR2 2 sr2 3 pl Qi ta 2 qI)RI 
432 432 - 6 (m R2 S c 1'2 QI qi Pl + m R2 S c 1'2 pl QI ql) RI 

+ 3 (m R2 4 s c 2 r2 QI ql Pl + m R2 4 s c 2 1'2 pl QI qI) RI) sI 4 + qi (24 QI 2 Rl 3 r2 3 

+ 24 Q1 2 R1 3 r2 3 ta 2 + 12 Q1 2 Rl 3 r2 2 R2 + 24 Qi 2 R1 2 1'2 2 R2 2 + 48 QI 2 Rl 2 r2 3 R2 
33 4422 542 5422 +12QiRI r2 ql-mR2 sc ql RI -2mR2 sc ql RI-2mR2 sc qi r2ta 

4422 2222 3322 -mR2 sc qi r2ta RI-12mR2" sr2 QI RI +48mR2 sr2 QI ta 
542 322 5322 52 2 - 2 m R2 sc QI RI - 24 m R2 s r2 QI RI + 12 m R2 s c QI r2 + 12 m R2 sc r2 QI 

4422 4422 5422 - m R2 sc QI RI - m R2 sc QI r2 ta RI - 2 m R2 sc QI r2 ta 

+ 48 Qi 2 RI 2 r2 3 ta 2 R2 + 24 m R2 2 s r2 3 QI 2 ta 2 RI + 6 m R2 4 s 3 c 2 QI 2 r2 RI 
42 2 22 2 32 + 6 m R2 sc r2 QI Ri + 12 m R2 s r2 QI Ri qi + 24 m R2 s 1'2 Qi RI qi 
532 3 3 2 3 2" 2 2 2 

- 12 m R2 S c 1'2 QI ql + 12 QI RI r2 ta ql - 12 QI RI r2 R2 qi - 24 QI RI r2 R2 ql 
33 2 52 44 2 + 24 m R2 s r2 QI ta qi + 6 m R2 sc r2 QI ql + 2 m R2 sc QI qi RI 
54 54 2 23 + 4 m R2 sc QI ql RI + 4 m R2 sc Qi ql r2 ta + 24 QI RI r2 ql R2 

+24QI RI 2 r2 3 ta 2 ql R2+ 12mR2 2 sr2 3 QI ta 2 ql RI-6mR2 4 s3 c 2 1'2 QI ql RI 

+ 3 m R2 4 s c 2 1'2 QI ql RI + 2 m R2 4 s c 4 QI qi 1'2 ta 2 RI) sI 3 

[

> DS:=coeff(LHS3,slAS); 

D5 := 4 pl r2 2 (2 r2 pl QI + r2 ql Pl + 2 r2 ta 2 pl QI + 1'2 ta 2 ql Pl + R2 pl QI - R2 qi Pl) (RI 2 

+ m R22) (RI + 2 R2) (2pI QI + qi Pi) 

> D4:=coeff(LHS3,slA4)i 

D4 := 4 (1'2 2 (2 1'2 pl QI + r2 qi Pl + 2 1'2 ta 2 pl QI + 1'2 ta 2 qi Pl + R2 pl QI - R2 ql Pl) 

+ pl r2 2 (21'2 QI + r2 qi + 2 r2 ta 2 QI + r2 ta 2 ql + R2 QI - R2 ql)) (RI 2 + m R22) (RI + 2 R2)(2 
pl QI + qi Pl) + 4 pl r2 2 (2 r2 pl QI + r2 ql Pl + 2 r2 ta 2 pl QI + r2 ta 2 qi Pl + R2 pl QI 

- R2 ql P i)(Ri 2 + m R2 2)(RI + 2 R2)(2 QI + qI) 

[

> D3:=coeff(LHS3,slA3); 

D3 := 41'2 2 (2 r2 QI + r2 ql + 2 r2 ta Z QI + r2 ta 2 qi + R2 QI - R2 ql) (RI 
2 + m R22) (RI + 2 R2)(2 pl 
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l 
2 2 2 QI + ql Pl) + 4 (r2 (2 r2 pl QI + r2 ql Pl + 2 r2 ta pl QI + r2 ta ql Pl + R2 pl QI - R2 ql Pl) 

+ pl r2 2 (2 r2 QI + r2 ql + 2 r2 ta 2 QI + r2 ta 2 ql + R2 QI - R2 ql)) (RI 2 + m R22) (RI + 2 R2) (2 
QI + ql) 

[

> D2:=coeff(LHS3,slÀ2)i 

D2 := 4 r2 2 
(2 r2 QI + r2 ql + 2 r2 ta 2 QI + r2 ta 2 ql + R2 QI - R2 ql) (RI 2 + m R22) (RI + 2 R2)(2 QI 

+ ql) 

[, Dl,=coeff(LHS3.s1), 
Dl :=0 

[, DO,=coeff(LHS3.s1.0) , 
DO:= 0 

> ES:=coeff(epsilon2,slÀS); 
- 2332 44222 5422 E:J :=ql (24 QI RI r2 pl -mR2 sc ql Pl RI -2mR2 sc ql Pl RI 

54222 44222 23322 -2mR2 sc ql Pl r2ta -mR2 sc ql Pl r2ta RI+24QI RI r2 pl ta 
_ 12 m R2 2 s r2 2 pl2 Ql2 Rl 2 + 12 Ql2 Rl 3 r2 2 pl2 R2 + 24 Ql2 RI 2 r2 2 pI 2 R2 2 

+ 48 m R2 3 s r2 3 pl2 Ql2 ta 2 _ 2 m R2 5 s c 4 pl2 Ql2 RI + 48 QI 2 RI 2 r2 3 pl2 R2 
3222 53222 52 22 - 24 m R2 s r2 pl QI RI + 12 m R2 s c pl QI r2 + 12 m R2 sc r2 pl QI 

_ m R2 4 sc 4 pl2 Ql2 Rl 2 _ m R2 4 sc 4 pI 2 Ql2 r2 ta 2 RI + 12 QI RI 3 r2 3 pl ql Pl 

_ 2 m R2 5 s c 4 pl2 Ql2 r2 ta 2 + 48 QI 2 Rl 2 r2 3 pl2 ta 2 R2 + 24 m R2 2 s r2 3 pl2 QI 2 ta 2 RI 
+ 6 m R2 4 s 3 c 2 pl 2 QI 2 r2 RI + 6 m R2 4 s c 2 r 2 pl 2 QI 2 RI + 12 m R2 2 s r 2 2 pl QI Rl 2 q I Pl 

+24m R2 3 s r2 2 pl QI RI ql PI-12 mR2 5 s3 c 2 r2pI QI ql Pl + 12 QI Rl 3 r2 3 pl ta 2 qi Pl 
32 22 2 33 2 -12QIRI r2 pIR2qIPI-24QIRI r2 plR2 q1PI+24mR2 sr2 pl QI ta qlPI 

+ 6 m R2 5 s c 2 r2 pl QI ql Pl + 2 m R2 4 s c4 pl QI ql Pl RI 2 + 4 m R2 5 s c 4 pl QI qi Pl RI 

+ 4 m R2 5 s c 4 pl QI ql Pl r2 ta 2 + 24 QI Rl 2 r2 3 pl ql Pl R2 + 24 QI Rl 2 r2 3 pl ta 2 ql Pl R2 

+ 12 mR2 2 s r2 3 pl QI ta 2 ql Pl RI- 6mR2 4 s3 c 2 r2pl QI qi Pl RI 
+ 3 mR2 4 s c 2 r2pI QI qi Pl RI +2mR2 4 sc4 pl Qi qi Pl r2 ta 2 RI) 

> E4:=coeff(epsilon2,slÀ4 ); 
54 54 2 233 E4:=qI(4(mR2 sc QIqIPI+mR2 sc pIQlq1)r2ta +48QI RI r2 pl 
44 44 2 442 2 +2(mR2 sc QlqIPI+mR2 sc plQIq1)r2ta RI-2mR2 sc ql PIRI 
542 542 2 442 2 - 4 m R2 sc ql Pl RI - 4 m R2 sc ql Pl r2 ta - 2 m R2 sc ql Pl r2 ta RI 

+ 48 Ql2 Rl 3 r2 3 pl ta 2 _ 24 m R2 2 s r2 2 pl Ql2 Rl 2 + 24 QI 2 RI 3 r2 2 pl R2 

+ 48 Ql2 Rl 2 r2 2 pl R2 2 + 96 m R2 3 s r2 3 pl Ql2 ta 2 - 4 m R2 5 sc 4 pl QI 2 RI 
+ 96 QI 2 Rl 2 r2 3 pl R2 _ 48 m R2 3 s r2 2 pl Ql2 RI + 24 m R2 5 s 3 c 2 pl QI 2 r2 

52 2 44 22 44 22 + 24 m R2 s c r2 pl QI - 2 m R2 s c pl QI RI - 2 m R2 s c pl QI r2 ta RI 
+ 12 QI RI 3 r2 3 pl qi + 12 QI Rl 3 r2 3 ql PI-4mR2 5 sc 4 pl Ql2 r2 ta 2 

+ 96 QI 2 RI 2 r2 3 pl ta 2 R2 + 48 m R2 2 s r2 3 pl QI 2 ta 2 RI + 12 m R2 4 s 3 c2 pl Ql2 r2 RI 

+ 12 m R2 4 s c 2 r2 pl Ql2 RI + 12 m R2 2 s r2 2 pl QI RI 2 qi + 12 m R2 2 s r2 2 QI Rl 2 qi Pl 

+ 24 m R2 3 s r2 2 pl QI RI ql + 24 m R2 3 s r2 2 QI RI qi Pl 
4 4 442 + 2 (m R2 s c QI q I Pl + m R2 s c pl QI q 1) RI 
54 54 532 + 4 (m R2 sc QI ql Pl + m R2 sc pl QI q1) RI - 12 m R2 s c r2 pl QI ql 

_ 12 m R2 5 s3 c 2 r2 QI ql Pl + 12 QI Rl 3 r2 3 pl ta 2 ql + 12 QI Rl 3 r2 3 ta 2 qi Pl 
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32 32 22 2 - 12 QI RI r2 pl R2 ql - 12 QI RI r2 R2 ql Pl - 24 QI RI r2 pl R2 ql 
222 33 2 33 2 -24QIRI r2 R2 qIPI+24mR2 sr2 pl QI ta ql+24mR2 sr2 QIta qlPI 

5 2 5 2 +6mR2 sc r2pIQIqI+6mR2 sc r2QIqIPI 

+ 24 (QI RI 2 r2 3 qi Pl + QI RI 2 r2 3 pl qI) R2 
2 3 2 2 3 2 + 24 (QI RI r2 ta qi Pl + QI RI r2 pl ta ql) R2 

+ 12 (m R2 2 s r2 3 QI ta 2 ql Pl + m R2 2 s r2 3 pl QI ta 2 ql)RI 
432 432 -6(mR2 sc r2QlqIPI+mR2 sc r2plQlql)RI 
4 2 4 2 + 3 (m R2 sc r2 QI ql Pl + m R2 sc r2 pl QI qI) RI) 

> E3:=coeff(epsilon2,slÀ 3 )i 

E3 := ql (24 QI 2 Rl 3 r2 3 + 24 Ql2 Rl 3 r2 3 ta 2 + 12 Ql2 Rl 3 r2 2 R2 + 24 QI 2 RI 2 r2 2 R2 2 

+ 48 Ql2 RI 2 r2 3 R2 + 12 QI RI 3 r2 3 ql _ m R2 4 s c 4 ql2 Rl 2 _ 2 m R2 5 sc 4 qI 2 RI 

- 2 111 R2 5 s c 4 ql2 r2 ta 2 - m R2 4 s c 4 ql2 r2 ta 2 RI - 12 m R2 2 s r2 2 Ql2 Rl 2 

+ 48 m R2 3 s r2 3 Ql2 ta 2 - 2 m R2 5 s c 4 Ql2 RI - 24 m R2 3 s r2 2 Ql2 RI 

+ 12 m R2 5 s3 c 2 Ql2 r2 + 12 m R2 5 s c 2 r2 Ql2 - m R2 4 s c 4 Ql2 Rl 2 

- m R2 4 s c 4 Ql2 r2 ta 2 RI - 2 m R2 5 s c 4 Ql2 r2 ta 2 + 48 Ql2 Rl 2 r2 3 ta 2 R2 

+ 24 m R2 2 s r2 3 Ql2 ta 2 RI + 6 m R2 4 s 3 c 2 Ql2 r2 RI + 6 m R2 4 s c 2 r2 QI 2 RI 

+ 12 m R2 2 s r2 2 QI Rl 2 ql + 24 m R2 3 s r2 2 QI RI ql - 12 m R2 5 s 3 c 2 r2 QI ql 

+ 12 QI Rl 3 r2 3 ta 2 ql-12 QI Rl 3 r2 2 R2ql - 24 QI Rl
2 

r2 2 R2 2 ql + 24m R2 3 s r2 3 QI ta
2 

ql 

+ 6 m R2 5 s c 2 r 2 QI q 1 + 2 m R2 4 s c 4 QI q 1 Rl 2 + 4 m R2 5 s c 4 QI q 1 RI 

+ 4 m R2 5 s c 4 QI ql r2 ta 2 + 24 QI Rl 2 r2 3 ql R2 + 24 QI Rl 2 r2 3 ta 2 ql R2 

+ 12 m R2 2 s r2 3 QI ta 2 ql RI - 6 m R2 4 s 3 c2 r2 QI ql RI + 3 m R2 4 s c 2 r2 QI ql RI 

+ 2 m R2 4 s c 4 QI qi r2 ta
2 

RI) 

[> E2,=coeff(epsilon2,slA 2 ); 
E2:=0 

[ 

[> El:=coeff(epsilon2,sl)i 
El :=0 

[> EO:=coeff(epsilon2,sl,O)i 
EO:=O 

> BS:=coeff(beta2,slÀ S)i 
52322 42 24422 

B5:=ql(-r2mR2 sc ql Pl +12r2 rnR2 staplQlqlPI-4r2 rnR2 s cpl QI 

+ 24 r2 4 rn R2 2 s tapI 2 Ql2 + 2 r2 2 m R2 4 s 4 c pl QI ql Pl + 2 r2 2 rn R2 4 s4 c ql2 P 12 

24222 242 24222 - 4 r2 m R2 s c pl QI - 4 r2 rn R2 s c pl QI ql Pl - r2 rn R2 s c ql Pl 
52322 523 - r2 rn R2 s c pl QI + 2 r2 rn R2 s c pl QI ql Pl) 

> B4:=coeff(beta2,slÀ4 )i 
244 2 42 2 2442 B4:=ql(-8r2 mR2 s cplQI +48r2 rnR2 staplQI +4r2 mR2 s cql Pl 

_ 8 r2 2 rn R2 4 s 2 c pl Ql2 - 4 r2 2 rn R2 4 s 2 c QI ql Pl - 4 r2 2 rn R2 4 s 2 c pl QI ql 

_ 2 r2 2 m R2 4 s 2 c q 12 Pl _ 2 r2 m R2 5 s 2 c 3 pl QI 2 + 2 r2 rn R2 5 s 2 c 3 QI ql Pl 

+2r2 rnR2 5 s2c 3 pl QI ql-2r2 rnR2 5 s2c 3 ql2 Pl +2r22 rnR2 4 s4 cQI ql Pl 
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l 244 42 42 +2r2 mR2 s cpIQIqI+12r2 mR2 staQIqIPI+12r2 mR2 stapIQIqI) 

> B3:=coeff(beta2,slA3); 
2422 242 2422 5232 B3 := qI (-4 r2 m R2 s c QI - 4 r2 m R2 s c QI qI - r2 m R2 s c qI - r2 m R2 s c QI 

523 5232 42 2 244 + 2 r2 m R2 s c QI qI - r2 m R2 s c qI + 24 r2 m R2 s ta QI + 2 r2 m R2 s c QI qI 
42 2442 2442 + 12 r2 m R2 s ta QI qI - 4 r2 m R2 s c QI + 2 r2 m R2 s c qI ) 

[, B2,=coeff(beta2,slA2 ), 
B2:=0 

[, 
[, 

[> 
[> 
[> 

Bl:=coeff(beta2,sl); 

BO:=coeff(beta2,sl,O); 

BI :=0 

BO:=O 
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> 

program No. 4 

Coefficients of the diff. eq. of the shear 

stress of a helix using two Maxwell models 

restart; 

> wi th (linalg) : 

Warning, the protected names norm and trace have been redefined and 
unprotected 
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l 
[ 
> tau:=c3*epsilon+c4*beta i 

r := 1 ( 2 E m R2 2 ( .!:. ta (1 _ 2 s 2) R2 2 s 3 + v R2
2 

(Ri + r2 ta 2) s 4 C 

(Ri + 2 R2)3 (r2 + r2 ta 2 + v R2) 4 4 (1 + v) r2 

--(1+v)R2 s c(l+s)+ +(r2ta -vRi)r2c e + 1 2 2 2 v R2
2 

(Ri + r2 ta
2
) c

3 
(1 + s2) 2 J ) ( 

2 4~ 

4 (( 2 2 23 E Ri + 1 2 E r2 m R2 2 R2 (2 s - 1) ta s 

2 (Ri + 2 R2)4 (1 + v) (Ri + 2 R2)4 (r2 + r2 ta 2 + v R2) 4 (1 + v) 

+ v R2 s + .!:. R2 2 s 3 (1 + s 2) + v R2 s (1 + s ) c + r2 2 s fJ 35 3 2 2 J)) 
4(1 +v)r2 2 4r2 

[ 
> taul:=subs(E=3*Q*q/(2*p*Q+q*P},nu={p*Q-q*P}/(2*p*Q+q*P},tau}i 

ri := 1 [ 6 Q q m R2
2 

[ .!:. ta (1 _ 2 s 2) R2
2 

s 3 

(2 P Q + q P) (Ri + 2 R2)3 ( r2 + r2 ta 2 + (p Q - q P) R2J 4 
2p Q+qP 

+ (p Q - q P) R2
2 

(Ri + r2 ta 2) s4 c _.!:.( 1 + p Q - q P ] R2 2 s2 c (1 + s2) 

4 (2p Q + q P) ( 1 + p Q - q P ] r2 2 2p Q + q P 
2pQ+qP 

4 (2 P Q + q P) r2 2 p Q + q P 
+(PQ_qP)R22(Ri+r2ta

2
)c

3 
(1 +s2)+( r2ta 2 _(PQ-qp)Ri] r2C] e] + 

3 Q q Ri
4 

------------~~-------------+ 
2 (2 P Q + q P) (Ri + 2 R2)4 ( 1 + p Q - q P J 

2pQ+qP 

1 [6Qqr2mR22[R22(2S2_1)ta2S3 

(2p Q + q P) (Ri + 2 R2)4 ( r2 + r2 ta 2 + (P Q - q P) R2] 4 ( 1 + p Q - q P J 
2pQ+qP 2pQ+qP 
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[ 
[ 

3 5 3 2 2 1 + (PQ-qP)R2 s +~R22S3(1+S2)+(PQ-qP)R2 s(1+S )c +r22s 

4 (2p Q + q P) ( 1 + pQ - q P J r2 2 4 (2p Q + q P) r2 
2pQ+qP 

1 
f3 

> tau2:=simplify(taul); 

r2 := (( 
2 2 4 2 r2 p (-2 r2 p Q - r2 q P - 2 r2 ta p Q - r2 ta q P - R2 p Q + R2 q P)(Ri + 2 R2) (2 p Q + q P) 

24 24222 24 2 4 
-4 r2 f3 Ri P Q q P - 4 r2 f3 Ri p Q ta - 4 r2 f3 Ri P Q q P ta + r2 f3 Ri p Q R2 q P 

2 4222 2 45222 2 452 
- r2 f3 Ri q P ta - 8 r2 f3 m R2 s ta p Q - 8 r2 f3 m R2 s ta p Q q P 

2 45222 2 43222 2 432 
- 2 r2 f3 m R2 s ta q P + 4 r2 f3 m R2 s ta p Q + 4 r2 f3 m R2 s ta p Q q P 

2 43222 5522 55 + r2 f3 m R2 s ta q P - 2 r2 f3 m R2 s p Q + r2 f3 m R2 s p Q q P 
5522 2 4322 2 43 

+ r2 f3 m R2 s q P - 12 r2 f3 m R2 s p Q - 6 r2 f3 m R2 s p Q q P 
2 4522 2 45 5222 

- 12 r2 fJ m R2 s p Q - 6 r2 fJ m R2 s p Q q P - 3 r2 fJ m R2 sep Q 

- 3 r2 fJ m R2 5 s3 c 2 p2 Q2 + 3 r2 f3 m R2 5 s c 2 P Q q P + 3 r2 fJ m R2 5 s3 c 2 P Q q P 
4 222 4 2 2 422 422 

- 24 r2 f3 m R2 s p Q - 12 r2 f3 m R2 s p Q q P - 4 r2· f3 Ri p Q - 2 r2 fJ Ri p Q R2 
2 422 422 5 522 5 5 

- r2 f3 Ri q P + r2 f3 Ri q P R2 + 24 m R2 s ta s p Q r2 + 12 m R2 s ta s p Q r2 q P 
5 322 5 3 44222 

- 12 m R2 s ta s p Q r2 - 6 m R2 s ta s p Q r2 q P - 2 m R2 s sep Q Ri 
5422 54222 44 2 - 4 m R2 s sep Q Ri - 4 m R2 s sep Q r2 ta + m R2 s sep Q q P Ri 
54 54 2 44222 + 2 m R2 s sep Q q P Ri + 2 m R2 s sep Q q P r2 ta + m R2 s s c q P Ri 
5422 54222 5222 + 2 m R2 s s c q P Ri + 2 m R2 s s c q P r2 ta + 36 m R2 s p Q s c r2 
5224 43222 5322 + 36 m R2 e p Q s c r2 - 3 m R2 sep Q Ri - 6 m R2 sep Q Ri 

432222 53222 5322 2 - 3 m R2 sep Q Ri s - 6 m R2 sep Q Ri s - 6 m R2 8 c p Q r2 ta 

_ 6 m R2 5 
8 c 3 p2 Q2 r2 ta 2 s2 + 3 m R2 4 

8 c 3 P Q Ri 2 q P + 6 m R2 5 e c 3 p Q Ri q P 

+ 3 m R2 4 8 c 3 P Q Ri 2 q P s 2 + 6 m R2 5 e c 3 p Q Ri q P s 2 + 6 m R2 5 s c 3 P Q r2 ta 2 q P 
53 2 2. 22222· 22 2 + 6 m R2 e c p Q r2 ta q P s + 12 m R2 8 r2 cp Q Ri - 12 m R2 8 r2 cp Q Ri q P 

+ 12 m R2 4 e ta s 5 p 2 Q 2 r2 Ri + 6 m R2 4 8 ta s 5 p Q r2 q P Ri - 6 m R2 4 e ta s 3 p 2 Q 2 r2 Ri 
43 44222 44 2 - 3 m R2 s ta s p Q r2 q P Ri - 2 m R2 s sep Q r2 ta Ri + m R2 es cp Q q P r2 ta Ri 
44222 4222 4224 + m R2 es c q P r2 ta Ri + 18 m R2 8 P Q s c r2 Ri + 18 m R2 8 P Q s c r2 Ri 
43222 432222 43 2 - 3 m R2 sep Q r2 ta Ri - 3 m R2 e c p Q r2 ta s Ri + 3 m R2 sep Q r2 ta q P Ri 
43 2 2 23222 33222 + 3 m R2 sep Q r2 ta q P s Ri - 24 ln R2 s r2 cp Q ta Ri - 48 m R2 e r2 cp Q ta 
23 2 33 2 3222 -12mR2 sr2 cpQta qPRi-24mR2 8r2 cpQta qP+24mR2 8r2 cp Q Ri 

- 24 m R2 3 s r2 2 cp Q Ri q P) q) 

t> LHS1:=denom(tau2); 
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lLHSl ;= 2 r2 p (-2 r2 p Q - r2 q P - 2 r2 ta 2 p Q - r2 ta 2 q P - R2 p Q + R2 q P) (RI + 2 R2)4 (2 p Q + q P) 

> LHS2:=subs(p=1+pl*sl,P=1+Pl*sl,q=ql*sl,Q=Ql*sl,LHSl); 

LHS2 ;= 2 r2 (1 + pl sI) (-2 r2 (1 + pl s1) QI sI - r2 qi sI (1 + Pl sI) - 2 r2 ta 2 (1 + pl s1) QI sI 

- r2 ta 2 qi sI (1 + Pl s1) - R2 (1 + pl s1) QI sI + R2 qi 81 (l + Pl s1))(RI + 2 R2)4 (2 (1 + pl 81) QI 
sI +qI sI (1 +PI 81» 

> LHS3:=collect(LHS2,sl); 

LHS3 ;= 2 r2 pl (-2 r2 pl QI - r2 qi Pl - 2 r2 ta 2 pl QI - r2 ta 2 qi Pl - R2 pl QI + R2 qi P I)(RI + 2 R2)4 
522 (2p1 QI + qi Pl) sI + (2 (r2 (-2 r2 pl QI - r2 qi PI- 2 r2 ta pl QI - r2 ta qi Pl - R2pI QI 

+ R2 qi Pl) + r2 pl (-2 r2 QI - r2 qI- 2 r2 ta 2 QI - r2 ta 2 qI-R2 QI + R2 qI» (RI + 2 R2)4 (2pI 
2 2 QI + qi Pl) + 2 r2 pl (-2 r2 pl QI - r2 qi Pl - 2 r2 ta pl QI - r2 ta qi Pl - R2 pl QI + R2 qi Pl) 

4 4 2 2 (RI + 2 R2) (2 QI + qI» sI + (2 r2 (-2 r2 QI - r2 qi - 2 r2 ta QI - r2 ta qi - R2 QI + R2 qI) 
422 (RI + 2 R2) (2 pl QI + qi Pl) + 2 (r2 (-2 r2 pl QI - r2 qi Pl - 2 r2 ta pl QI - r2 ta qi Pl 

2 2 - R2 pl QI + R2 qi Pl) + r2 pl (-2 r2 QI - r2 qi - 2 r2 ta QI - r2 ta qi - R2 QI + R2 qI» 
(RI + 2 R2/ (2 QI + q1» sI 3 

2 2 4 2 + 2 r2 (-2 r2 QI - r2 qi - 2 r2 ta QI - r2 ta qi - R2 QI + R2 qI)(RI + 2 R2) (2 QI + qI) sI 

> RHS1:=numer(tau2); 
2 4 2 4222 2 4 2 4 RHSI ;= q (-4 r2 fJ RI p Q q P - 4 r2 fJ RI p Q ta - 4 r2 fJ RI p Q q P ta + r2 fJ RI p Q R2 q P 

2 4222 2 45222 2 452 - r2 fJ RI q P ta - 8 r2 fJ m R2 8 ta p Q - 8 r2 fJ m R2 s ta p Q q P 
2 45222 2 43222 2 432 - 2 r2 fJ m R2 s ta q P + 4 r2 fJ m R2 s ta p Q + 4 r2 fJ m R2 s ta p Q q P 

2 43222 5522 55 + r2 fJ m R2 s ta q P - 2 r2 fJ m R2 s p Q + r2 fJ m R2 s p Q q P 
5522 2 4322 2 43 

+ r2 fJ m R2 s q P - 12 r2 fJ m R2 s p Q - 6 r2 fJ m R2 fi P Q q P 
2 4522·2 45 5222 

- 12 r2 fJ m R2 fi P Q - 6 r2 fJ m R2 8 P Q q P - 3 r2 fJ m R2 fi C p Q 
53222 52 532 

- 3 r2 fJ m R2 sep Q + 3 r2 fJ m R2 sep Q q P + 3 r2 fJ m R2 8 c p Q q P 
4 222 4 2 2 422 422 

- 24 r2 fJ m R2 s p Q - 12 r2 fJ m R2 s p Q q P - 4 r2 fJ RI p Q - 2 r2 fJ RI p Q R2 
2422 422 5 522 55 - r2 fJ RI q P + r2 fJ RI q P R2 + 24 m R2 e ta s p Q r2 + 12 m R2 e ta s p Q r2 q P 

5 322 5 3 44222 - 12 m R2 8 ta s p Q r2 - 6 m R2 e ta fi p Q r2 q P - 2 m R2 [-; sep Q RI 
5422 54222 44 2 - 4 m R2 e sep Q RI - 4 m R2 8 sep Q r2 ta + m R2 e sep Q q P RI 
54 54 2 44222 + 2 m R2 8 sep Q q P RI + 2 m R2 8 sep Q q P r2 ta + m R2 [-; S C q P RI 
5422 54222 5222 + 2 m R2 8 S c q P RI + 2 m R2 [-; s c q P r2 ta + 36 m R2 8 P Q s c r2 
5224 43222 5322 + 36 m R2 8p Q s c r2 - 3 m R2 [-; c p Q RI - 6 m R2 e c p Q RI 

432222 53222 5322 2 - 3 m R2 [-; c p Q RI s - 6 m R2 e c p Q RI 8 - 6 m R2 e c p Q r2 ta 
5322 22 43 2 53 - 6 m R2 [-; c p Q r2 ta s + 3 m R2 8 c p Q RI q P + 6 m R2 e c p Q RI q P 
43 22 53 2 53 2 + 3 m R2 e c p Q RI q P s + 6 m R2 8 C p Q RI q P s + 6 m R2 e c p Q r2 ta q P 
53 22 22222 22 2 + 6 m R2 e c p Q r2 ta q P s + 12 m R2 e r2 cp Q RI - 12 m R2 e r2 cp Q RI q P 

4 5? 2 4 5 4 322 + 12 m R2 8 ta s p- Q r2 RI + 6 m R2 8 ta s p Q r2 q P RI - 6 m R2 e ta s p Q r2 RI 
43 44222 44 2 - 3 m R2 e ta s p Q r2 q P RI - 2 m R2 e 8 cp Q r2 ta RI + m R2 e sep Q q P r2 ta RI 

+ m R2 4 8 s 4 c q 2 P 2 r2 ta 2 RI + 18 m R2 4 [-; P 2 Q 2 s 2 c r2 RI + 18 m R2 4 s P 2 Q 2 s 4 c r2 RI 

_ 3 m R2 4 8 c 3 P 2 Q 2 r2 ta 2 RI- 3 m R2 4 e c 3 p 2 Q 2 r2 ta 2 s 2 RI + 3 m R2 4 s c 3 P Q r2 ta 2 q P RI 
43 2 2 23222 33222 + 3 m R2 8 c p Q r2 ta q P s RI - 24 m R2 s r2 cp Q ta RI - 48 m R2 e r2 cp Q ta 
23 2 33 2 3222 - 12 m R2 e r2 cp Q ta q P RI - 24 m R2 e r2 cp Q ta q P + 24 ln R2 e r2 cp Q RI 
3 2 - 24 m R2 e r2 cp Q RI q P) 
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> RHS2:=subs(p=1+pl*sl,P=1+Pl*sl,q=ql*sl,Q=Ql*sl,RHS1)i 

RHS2 :=qI sI (6 mR2
5 

e e 3 (1 + pl sI) QI sI 2 RI qi (1 + Pl s1) 

+ 3 fil R2
4 

li'e 3 (1 + pl sI) QI s1 2 R1 2 q1 (1 +PI s1) s 2 _r2 2 fJRI 4 q1 2 s1 2 (1 +P1 s1)2 ta 2 

- r2 2 fJ R1 4 q 1 2 sI 2 (1 + PI s1)2 + 6 m R2 5 li' e 3 (1 + pl sI) QI sI 2 RI q1 (1 + Pl s1) s 2 
5 3 2 2 + 6 m R2 li' e (1 + pl s1) QI sI r2 ta q1 (1 + Pl s1) 
5 3 2 2 2 + 6 m R2 li' e (1 + pl s1) QI sI r2 ta q1 (1 + Pl s1) s 
2 2 2 2 - 12 m R2 e 1'2 e (l + pIs 1) QI sIRI q 1 (1 + PIs 1) 

+ 6 m R2 4 e ta s 5 (1 + pl s1) QI s1 2 r2 q1 (1 + Pl sI) RI 
4 3 2 - 3 m R2 e ta s (1 + pl sI) QI sI r2 q1 (1 + Pl sI) RI 

+ m R2 4 es 4 e (1 + pl s1) QI s1 2 q1 (1 + PI s1) r2 ta 2 RI 

+ 3 m R2 4 
li' e 3 (1 + pl sI) QI s1 2 r2 ta 2 q1 (1 + Pl s1) RI 

4 3 2 2 2 + 3 m R2 li' e (1 + pl s1) QI sI r2 ta q1 (1 + Pl sI) s RI 
2 3 2 2 -12mR2 er2 e(1+p1s1)Q1s1 ta qI(1+P1s1)R1 

- 24 m R2 3 e r 2 3 c (1 + pIs 1) QI sI 2 ta 2 q 1 (1 + PIs 1) 

- 24 m R2 3 
E r2 2 c (1 + pl sI) QI s1 2 RI qi (1 + Pl s1) - 4 r2 2 fJ RI 4 (1 + pl sl)2 Q1 2 s1 2 ta 2 

- 8 1'2 2 fJ m R2 4 s 5 ta 2 (1 + pl sl)2 QI 2 s1 2 + 4 r2 2 fJ m R2 4 s 3 ta 2 (1 + pl s1)2 Q1 2 sI 2 

- 2 r2 fJ m R2 5 s 5 (1 + pl sl)2 Q1 2 s1 2 - 12 r2 2 fJ m R2 4 s 3 (1 + pl sl)2 Q1 2 sI 2 
2 45 222 52 222 - 12 r2 fJ m R2 s (1 + pl sI) QI sI - 3 r2 fJ m R2 sc (1 + pl sI) QI sI 

532 222 4 2 222 - 3 r2 fJ m R2 s e (1 + pl s1) QI sI - 24 1'2 fJ m R2 s (1 + pl sI) QI sI 
- 4 1'2 2 fJ RI 4 (1 + pl s1)2 QI 2 sI 2 - 2 1'2 fJ R1 4 (1 + pl s1)2 QI 2 sI 2 R2 

+ 24 m R2 5 
li' tas 5 (1 + pl sl)2 Q1 2 s1 2 1'2 -12 m R2 5 

E tas 3 (1 + pl s1)2 Q1 2 s1 2 1'2 
44 2222 54 222 

- 2 m R2 ES e (1 + pl .'11) QI sI RI - 4 m R2 es c (1 + pl sI) QI sI RI 
54 2222 5 2222 - 4 m R2 es c (1 + pl s1) QI sI r2 ta + 36 m R2 E (1 + pl s1) QI sI s c 1'2 

5 2224 43 2222 + 36 m R2 E (1 + pl sI) QI sI s e 1'2 - 3 m R2 E e (1 + pl s1) QI sI RI 
·53 222 43 22222 - 6 m R2 E e (1 + pl sI) QI sI R1- 3 m R2 E c (1 + pl s1) QI sI RI s 

53 2222 53 2222 - 6 m R2 El c (1 + pl s1) QI sI RI s - 6 m R2 e e (1 + pl sI) QI sI r2 ta 
53 22222 22 2222 - 6 m R2 El e (1 + pl sI) QI sI 1'2 ta s + 12 m R2 El 1'2 e (1 + pl sI) QI sI RI 
45 222 43 222 + 12 m R2 El ta s (1 + pl s1) QI sI r2 RI - 6 m R2 El ta s (1 + pl s1) QI sI r2 RI 

44 2222 4 2222 
- 2 m R2 El S e (1 + pl s1) QI sI r2 ta RI + 18 m R2 e (1 + pl s1) QI sI s e r2 RI 

4 2224 43 2222 + 18 m R2 El (1 + pl sI) QI sI s e r2 R1- 3 m R2 El c (1 + pl s1) QI sI r2 ta RI 
43 22222 23 2222 - 3 m R2 El e (1 + pl s1) QI sI r2 ta s RI - 24 m R2 El r2 c (1 + pl sI) QI sI ta RI 
33 2222 32 222 - 48 m R2 El r2 c (1 + pl sI) QI sI ta + 24 m R2 El r2 c (1 + pl s1) QI sI RI 

24 2 24 2 ·2 
-4r2 fJRI (l+p1s1)Q1s1 qI(1+P1s1)-4r2 fJRI (1+pls1)Q1s1 q1(l+PIs1)ta 

+ r2 fJ RI 4 (1 + pl sI) QI s1 2 R2 q1 (1 + Pl s1) 

- 8 r2 2 fJ m R2 4 s5 ta 2 (1 +pI sI) QI sI 2 q1 (1 +P1 s1) 
+ 4 r2 2 fJ m R2 4 s 3 ta 2 (1 + pl sI) QI sI 2 q 1 (1 + Pl s1) 

+ r2 fJ m R2 5 s 5 (1 + pl s1) QI .'11 2 qi (1 + Pl sI) 
2 4 3 2 - 6 r2 fJ m R2 s (1 + pl sI) QI sI qi (1 + Pl sI) 

- 6 r2 2 fJ m R2 4 s 5 (1 + pl sI) QI s1 2 q1 (1 + Pl 81) 

+ 3 r2 fJ m R2 5 
8 e 2 (1 + pl sI) QI s1 2 q1 (1 + Pl s1) 

+ 3 r2 fJ m R2 5 s 3 e 2 (1 + pl s1) QI s1 2 q1 (1 + Pl s1) 

- 12 r2 4 fJ m R2 2 s (1 + pl sI) QI s1 2 q1 (1 + Pl 81) 
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[ 

5 5 2 + 12 m R2 e ta s (1 + pl sI) QI sI r2 qi (1 + Pl s1) 
5 3 2 - 6 m R2 e ta s (1 + pl sI) QI sI r2 qi (1 + Pl sI) 

4 4 2 2 +mR2 es c(l+pIsI)QIsi qI(l+PIsI)RI 
5 4 2 + 2 m R2 es c (1 + pl s1) QI sI qi (1 + Pl sI) RI 

+ 2 m R2 5 es 4 c (1 + pl s1) QI sI 2 q 1 (1 + Pl s1) r2 ta 2 

+ 3 m R2 4 ec 3 (l +pI sI) QI sI 2 RI 2 qi (1 + Pl .'11) -2r22 fJm R2 4 s5 ta 2 qI 2 sI 2 (1 +PI sI)2 

+ r2 2 fJ m R2 4 .'1 3 ta 2 qI 2 sI 2 (1 + Pl s1)2 + r2 fJ m R2 5 s 5 qI 2 sI 2 (1 + Pl sI)2 

+ r2 fJ RI 4 qI 2 sI 2 (1 + Pl sI)2 R2 + m R2 4 es 4 c qI 2 sI 2 (1 + Pl .'11)2 RI 2 
5422 2 5422 22 + 2 m R2 es c qi sI (l + Pl S1) RI + 2 m R2 es c qi sI (l + Pl sI) r2 ta 

4 4 2 2 2 2 + m R2 es c qi sI (1 + Pl sI) r2 ta RI) 

> RHS3epsilon:=collect(RHS2,epsilon); 

RHS3epsilon:= qi sI (6 m R2 5 c 3 (l + pl s1) QI s1 2 RI qi (1 + Pl s1) 
+ 3 m R2 4 c 3 (1 + pl sI) QI sI 2 RI 2 q 1 (1 + Pl s 1) s 2 

5 3 2 2 + 6 m R2 c (1 + pIs 1) QI sIRI q 1 (1 + PIs 1) s 
5 3 2 2 + 6 m R2 c (1 + pl s1) QI sI r2 ta qi (1 + Pl sI) 
5 3 2 2 2 + 6 m R2 c (1 + pl s1) QI sI r2 ta qi (1 + Pl sI) s 
2 2 2 2 

- 12 m R2 r2 c (1 + pl s1) QI sI RI qi (1 + Pl .'11) 

- 24 m R2 3 r2 3 c (1 + pl s1) QI sI 2 ta 2 qi (1 + Pl sI) 
4 5 2 +6mR2 tas (l+pIs1)QIsi r2qI(1+PIsI)RI 

4 3 2 
- 3 m R2 ta s (1 + pl s1) QI sI r2 qi (1 + Pl .'11) RI 

4 4 2 2 +mR2 s c(1+pIs1)QIsi qI(I+PIs1)r2ta RI 
43 22 55 222 + 3 m R2 c (1 + pl sI) QI sI r2 ta qi (1 + Pl s1) RI + 24 m R2 ta s (1 + pl s1) QI sI r2 

+ 3 m R2 4 c 3 (1 + pl S1) QI sI 2 r2 ta 2 qi (1 + Pl .'11) s 2 RI 
2 3 2 2 - 12 m R2 r2 c (1 + pl sI) QI sI ta qi (1 + Pl sI) Ri 
32 2 53 222 -24mR2 r2 c(1+pIs1)QIsi RIqI(1+PIsI)-12mR2 tas (l+pIs1) QI sI r2 

- 2 m R2 4 s 4 c (1 + pl s1)2 QI 2 sI 2 RI 2 _ 6 m R2 5 c 3 (1 + pl sI)2 QI 2 sI 2 RI 
- 3 m R2 4 c 3 (1 + pl s1)2 QI 2 .'11 2 RI 2 s 2 _ 6 m R2 5 c 3 (1 + pl s1)2 QI 2 sI 2 RI s 2 

54 222 54 2222 - 4 m R2 s c (1 + pl sI) QI sI RI - 4 m R2 s c (1 + pl s1) QI sI r2 ta 

+ 36 m R2 5 (1 + pl sI)2 QI 2 sI 2 .'1 2 c r2 + 36 m R2 5 (1 + pl sI)2 QI 2 sI 2 s 4 c r2 
23 2222 33 2222 - 24 m R2 r2 c (1 + pl s1) QI sI ta RI - 48 ln R2 r2 c (1 + pl sI) QI sI ta 

+ 24 m R2 3 r2 2 c (1 + pl sI)2 QI 2 s1 2 RI- 3 ln R2 4 c 3 (1 + pl s1)2 Q1 2 sI 2 RI 2 

53 2222 53 22222 - 6 m R2 c (1 + pl sI) QI sI r2 ta - 6 ln R2 c (1 + pl s1) QI sI r2 ta s 
22 2222 45 222 + 12 m R2 r2 c (1 + pl sI) QI sI RI + 12 m R2 tas (1 + pl sI) QI sI r2 RI 

43 222 44 2222 
- 6 ln R2 ta s (1 + pl s1) QI sI r2 RI - 2 ln R2 s c (1 + pl s1) QI sI r2 ta RI 
+ 18 m R2 4 (1 + pl s1)2 QI 2 sI 2 s2 c r2 RI + 18 ln R2 4 (1 + pl sI)2 QI 2 sI 2 s4 c r2 RI 

43 2222 43 22222 - 3 ln R2 c (1 + pl s1) QI sI r2 ta RI- 3 ln R2 c (1 + pl s1) QI sI r2 ta s RI 

+ ln R2 4 s 4 c qI 2 sI 2 (1 + Pl sI)2 RI 2 + 2 ln R2 5 s 4 c qI 2 sI 2 (1 + Pl sI)2 RI 
5422 22 4422 22 + 2 ln R2 s c qi sI (1 + Pl sI) r2 ta + ln R2 s c qi sI (l + Pl s1) r2 ta RI 

5 5 2 +12lnR2 tas (1+pIs1)QIsi r2qI(l+PIsI) 
5 3 2 - 6 ln R2 ta s (1 + pl s1) QI sI r2 qi (1 + Pl s1) 
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[ 

4 4 2 2 + m R2 s c (1 + pl sl) Q1 sl q1 (1 + Pl sl) R1 
+ 2 m R2 5 s 4 c (1 + pl sl) Q1 s1 2 q1 (1 + Pl sl) R1 

5 4 2 2 +2mR2 s c(1+p1sl)Q1s1 q1(1+P1s1)r2ta 
+ 3 m R2 4 c 3 (1 + pl 81) Q1 s1 2 R1 2 q1 (1 + Pl sl»8+q1 sl (_r2 2 p R1 4 q1 2 s1 2 (1 +P1 s1)2 ta 2 

- r2 2 p R1 4 q1 2 s1 2 (1 + Pl sl)2 _ 4 r2 2 p R1 4 (l + pl sl)2 Q1 2 s1 2 ta 2 

- 8 r2 2 p m R2 4 s 5 ta 2 (1 + pl s1)2 Q1 2 sl2 + 4 r2 2 p m R2 4 s 3 ta 2 (1 + pl sl)2 QI2 s1 2 

- 2 r2 p m R2 5 s 5 (l + pl sl)2 Q1 2 s1 2 _ 12 r2 2 p m R2 4 s 3 (1 + pl s1)2 Q1 2 s1 2 

2 45 222 52 222 - 12 r2 pm R2 s (1 + pl s1) Q1 sl - 3 r2 p m R2 sc (1 + pl s1) Q1 sl 
532 222 4 2 222 - 3 r 2 p m R2 s c (1 + pIs 1) Q 1 .'11 - 24 r 2 p m R2 .'1 (1 + pIs 1) Q 1 .'11 

- 4 r2 2 p R1 4 (1 + pl 81)2 Q1 2 
81

2 
- 2 r2 p R1 4 (1 + pl s1)2 Q1 2 sl 2 R2 

- 4 r2 2 p R1 4 (1 + pl sl) Q1 s1 2 q1 (1 + Pl sl) - 4 r2 2 p R1 4 (1 + pl s1) Q1 sl 2 q1 (1 + Pl s1) ta 2 
4 2 +r2pRI (1+p1s1)Q1s1 R2ql(1+P1s1) 

2 4 5 2 2 - 8 r2 pm R2 s ta (1 + pl sl) Q1 sl q1 (1 + Pl sl) 
2 4 3 2 2 +4r2 pmR2 s ta (1+p1s1)Q1s1 q1(1+P1s1) 

5 5 2 +r2fJmR2 s (1+p1s1)Q1s1 ql(1+P181) 
2 4 3 2 - 6 r2 fJ m R2 8 (1 + pl s1) Q1 sl q1 (1 + Pl s1) 
2 4 5 2 - 6 r2 pm R2 s (1 + pl s1) Q1 sl q1 (1 + Pl sl) 
522 + 3 r2 fJ m R2 sc (1 + pl sl) Q1 sl q1 (1 + Pl .'11) 
5 3 2 2 + 3 r2 p m R2 .'1 C (1 + pl s1) Q1 sl q1 (1 + Pl sl) 

- 12 r 2 4 P m R2 2 s (1 + pl .'11) Q 1 s 1 2 q 1 (1 + Pl .'11) - 2 r 2 2 P m R2 4 .'1 5 ta 2 q 1 2 s 1 2 (1 + Pl s 1)2 
2 43222 2 5522 2 +r2 fJmR2 s ta q1 sl (1+P1s1) +r2PmR2 s q1 sl (1+P1s1) 

+ r2 fJ R1 4 q1 2 s1 2 (1 + Pl s1)2 R2) 

> RHS3beta:=collect(RHS2,beta); 

RHS3beta:= q1 .'11 (_r2 2 R1 4 q1 2 s1 2 (1 + Pl sl)2 ta 2 - r2 2 R1 4 q1 2 s1 2 (1 + Pl s1)2 
24 2222 2452 222 - 4 r2 R1 (1 + pl .'11) Q1 sl ta - 8 r2 m R2 s ta (1 + pl s1) Q1 sl 

+ 4 r2 2 m R2 4 s 3 ta 2 (1 + pl sl)2 Q1 2 s1 2 - 4 r2 2 R1 4 (1 + pl .'11)2 Q1 2 s1 2 

42 222 4 222 - 24 r2 m R2 s (1 + pl sl) Q1 sl - 2 r2 R1 (1 + pl sl) Q1 sl R2 
_ 2 r2 m R2 5 s 5 (1 + pl sl)2 Q1 2 s1 2 - 12 r2 2 m R2 4 s 3 (1 + pl s1)2 Q1 2 s1 2 

245 222 52 222 
- 12 r2 m R2 s (1 + pl sl) Q1 sl - 3 r2 m R2 sc (1 + pl sl) Q1 sl 

532 222 24 2 - 3 r2 m R2 s c (1 + pl s1) Q1 sl - 4 r2 R1 (1 + pl s1) Q1 81 q1 (1 + Pl s1) 
24 2· 2 4 2 -4r2 R1 (1+p1s1)Q1s1 q1(1+P1s1)ta +r2R1 (1+p181)Q1s1 R2q1(1+P1s1) 
2 4 5 2 2 - 8 r2 m R2 s ta (l + pl sl) Q1 81 q1 (1 + Pl 81) 

+ 4 r2 2 m R2 4 
8

3 ta 2 (1 + pl s1) Q1 s1 2 q1 (1 + Pl s1) 
55 2 243 2 + r2 m R2 s (1 + pl sl) Q1 sl q1 (1 + Pl s1) - 6 r2 m R2 s (1 + pl sl) Q1 sl q1 (1 + Pl s1) 

245222 2243222 2 -2r2 mR2 s ta q1 sl (1+P1s1) +r2 mR2 s ta q1 sl (1+P1s1) 

+ r2 m R2 5 s 5 q1 2 s1 2 (1 + Pl sl)2 + r2 R1 4 q1 2 s1 2 (1 + Pl s1)2 R2 

- 6 r2 2 
111 R2 4 

8 5 (1 + pl s1) Q1 s1 2 q1 (1 + Pl sl) 

+ 3 r2 m R2 5 s c 2 (1 + pl s1) Q1 s1 2 q1 (1 + Pl sl) 
5 3 2 2 + 3 r2 m R2 s c (1 + pl s1) Q1 sl q1 (1 + Pl sl) 

_ 12 r 2 4 m R2 2 8 (1 + pl s 1) Q 1 s 1 2 q 1 (1 + Pl 81» fJ + q 1 s 1 (6 m R2 5 e c 3 (1 + pl s 1) Q 1 s 1 2 R1 q 1 
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(l + PIs 1) + 3 m R2 4 s c 3 (l + pIs 1) QI sI 2 RI 2 q 1 (1 + PIs 1) s 2 
5 3 2 2 +6mR2 sc (1+p1s1)Q1s1 R1q1(1+P1s1)s 
5 3 2 2 + 6 m R2 sc (l + pl s1) QI sI r2 ta q1 (l + Pl sI) 

+ 6 m R2 5 s c 3 (1 + pl s1) QI s1 2 r2 ta 2 q1 (1 + Pl s1) s 2 
2 2 2 2 - 12 m R2 s r2 c (1 + pl sI) QI sI RI q1 (1 + Pl sI) 
452 +6mR2 ctas (1+p1sl)Q1s1 r2q1(1+Pls1)R1 
432 -3mR2 ctas (1+p1s1)Qlsl r2ql(1+P1s1)R1 

4 4 2 2 + m R2 cS c (1 + pl s1) QI sI q1 (1 + Pl sI) r2 ta RI 
43.22 + 3 m R2 cCCl + pl sI) QI sI r2 ta q1 (1 + Pl sI) RI 
4 3 2 2 2 + 3 m R2 ce (1 + pl s1) QI sI r2 ta q1 (1 + Pl s1) s RI 
2 3 2 2 - 12 m R2 c r2 c (1 + pl sI) QI sI ta q1 (1 + Pl sI) RI 
3 3 2 2 - 24 m R2 c r2 c (1 + pl sI) QI sI ta q1 (l + Pl sI) 

- 24 m R2 3 s r2 2 c (1 + pIs 1) QI sI 2 RI q 1 (1 + Pl s1) + 24 m R2 5 c ta s 5 (1 + pl s 1)2 QI 2 sI 2 r2 
53 222 44 2222 - 12 m R2 s ta s (1 + pl s1) QI sI r2 - 2 m R2 s s c (1 + pl sI) QI sI RI 
54 222 54 2222 - 4 m R2 s s c (1 + pl sI) QI sI RI - 4 m R2 s s c (1 + pl s1) QI sI r2 ta 

5 2222 5 2224 + 36 m R2 s (1 + pl sI) QI sI s c r2 + 36 m R2 s (1 + pl sI) QI sI s c r2 
43 2222 53 222 - 3 m R2 sc (1 + pl s1) QI sI RI - 6 m R2 sc (1 + pl s1) QI sI RI 
43 22222 53 2222 - 3 m R2 sc (l + pl s1) QI sI RI s - 6 m R2 sc (1 + pl s1) QI sI RI s 
53 2222 53 22222 - 6 m R2 sc (1 + pl sI) QI sI r2 ta - 6 m R2 sc (1 + pl s1) QI sI r2 ta s 
22 2222 45 222 + 12 m R2 € r2 c (l + pl s1) QI sI RI + 12 m R2 € ta s (1 + pl s1) QI sI r2 RI 

43 222 44 2222 - 6 m R2 c ta s (1 + pl sI) QI sI r2 RI - 2 m R2 s s c (1 + pl s1) QI sI r2 ta RI 

+ 18 m R2 4 s (1 + pl s1)2 QI 2 sI 2 s 2 c r2 RI + 18 m R2 4 s (1 + pl sl)2 QI 2 sI 2 
s4 c r2 RI 

- 3 m R2 4 c c 3 (1 + pl sI)2 QI 2 sI 2 r2 ta 2 RI- 3 m R2 4 
€ c 3 (1 + pl s1)2 QI 2 sI 2 r2 ta 2 

s2 RI 
23 2222 33 2222 - 24 m R2 s r2 c (1 + pl sI) QI sI ta RI - 48 m R2 c r2 c (l + pl s1) QI sI ta 
32 222 55 2 + 24 m R2 s r2 c (1 + pl s1) QI sI RI + 12 m R2 s ta s (1 + pl s1) QI sI r2 qi (1 + Pl s1) 

- 6 m R2 5 s ta s 3 (1 + pIs 1) QI sI 2 r 2 q 1 (l + PIs 1) 
4 4 2 2 +mR2 €s c(l+pIsI)QIsl ql(1+PIsI)R1 

5 4 2 +2mR2 ss c(1+pIs1)QIsi qI(1+P1s1)RI 
5 4 2 2 + 2 m R2 s s c (1 + pl sI) QI sI qi (1 + Pl s1) r2 ta 
43 22 4422 22 + 3 m R2 sc (1 + pl sI) QI sI RI qi (1 + Pl s1) + m R2 s s c qi sI (1 + Pl sI) RI 

+ 2 m R2 5 
€ s 4 c qI 2 sI 2 (1 + Pl sI)2 RI + 2 m R2 5 cS 4 c qI 2 sI 2 (1 + Pl sI)2 r2 ta 2 

+ m R2 4 
€ s 4 c q 1 2 .'Il 2 (1 + PIs 1)2 r 2 ta 2 RI) 

> betal:=coeff(RHS3beta,beta,l); 
2422 222422 2 pl :=ql .'Il (-r2 RI q1 sI (1 +PI .'11) ta -r2 RI qi sI (1 +PI sI) 

_ 4 r2 2 RI 4 (l + pl sl)2 Q1 2 sI 2 ta 2 _ 8 r2 2 m R2 4 .'1 5 ta 2 (1 + pl s1)2 QI 2 sI 2 

2432 222 24 222 + 4 r2 m R2 .'1 ta (1 + pl sI) QI .'Il - 4 r2 RI (1 + pl s1) QI sI 

- 24 r2 4 m R2 2 s (1 + pl sI)2 QI 2 .'11 2 - 2 r2 R1 4 (1 + pl s1)2 QI 2 s1 2 R2 
55 222 243 222 

- 2 r2 m R2 s (1 + pl sI) QI sI - 12 r2 m R2 s (1 + pl .'11) QI sI 
245 222 52 222 - 12 r2 m R2 .'1 (1 + pl .'11) QI sI - 3 r2 m R2 sc (1 + pl .'11) QI sI 

- 3 r2 m R2 5 s 3 c 2 (1 + pl s1)2 QI 2 s1 2 - 4 r2 2 RI 4 (1 + pl s1) QI s1 2 ql (1 + Pl .'Il) 

- 4 r2 2 R1 4 (1 + pl s1) QI sI 2 ql (1 + Pl sI) ta 2 + r2 RI 4 (1 + pl .'Il) QI sI 2 R2 qi (1 + Pl s1) 

- 8 r2 2 m R2 4 s 5 ta 2 (1 + pl s1) QI .'11 2 q1 (1 + Pl .'Il) 
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2 4 3 2 2 + 4 r2 m R2 s ta (1 + pl s1) QI sI qi (l + Pl sI) 

+ r2 m R2 5 s 5 (1 + pl s1) QI sI 2 qi (1 + Pl s1) - 6 r2 2 m R2 4 s 3 (l + pl sI) QI sI 2 qi (1 + Pl sI) 
245222 2243222 2 -2r2 mR2 s ta qi sI (l+PIs1) +r2 mR2 s ta qi sI (l+PIs1) 

+ r2 m R2 5 s 5 qI 2 sI 2 (1 + Pl sI)2 + r2 RI 4 qI 2 sI 2 (1 + Pl s1)2 R2 
2 4 5 2 

- 6 r2 m R2 s (1 + pl s1) QI sI qi (1 + Pl sI) 
522 + 3 r2 111 R2 sc (l + pl s1) QI sI qi (1 + Pl s1) 
5 3 2 2 + 3 r2 m R2 s c (1 + pl s1) QI sI qi (1 + Pl s1) 

422 - 12 r2 111 R2 s (1 + pl sI) QI sI qi (1 + Pl s1) 

> beta2:=collect(betal,sl); 
53222 24 2 4 fi2:=qI(-3r2111R2 sc pl QI -4r2 RI pIQlqIPIta +r2Rl pIQIR2qIPI 

422 2 452 2 432 + r2 RI qi Pl R2 - 8 r2 m R2 s ta pl QI qi Pl + 4 r2 m R2 s ta pl QI qi Pl 
+ r2 111 R2 5 s 5 pl QI qi Pl - 6 r2 2 m R2 4 s 3 pl QI qi Pl - 2 r2 2 m R2 4 s 5 ta 2 qI 2 PI 2 

243222 5522 245 +r2 mR2 s ta qi Pl +r2mR2 s qi Pl -6r2 mR2 s pl QI qi Pl 
52 532 42 + 3 r2 m R2 sc pl QI qi Pl + 3 r2 m R2 s c pl QI qi Pl - 12 r2 m R2 spI QI qi Pl 

_ 4 r2 2 RI 4 pI 2 QI 2 _ r2 2 RI 4 qI 2 P 12 ta 2 _ 4 r2 2 RI 4 pI 2 QI 2 ta 2 

_8r2 2 mR2 4 s 5 ta 2pI 2 QI2+4r22 mR2 4 s 3 ta 2pI2 QI 2 _24r2 4 mR2 2spI 2 QI 2 

422 5522 24322 - 2 r2 RI pl QI R2 - 2 r2 m R2 8 pl QI - 12 r2 m R2 8 pl QI 
24522 52222422 24 

- 12 r2 m R2 s pl QI - 3 r2 m R2 sc pl QI - r2 RI qi Pl - 4 r2 RI pl QI qi P 1) 
5 532 2 24 81 +qI (-6r2 mR2 s c pl QI -4r2 RI pl QI qi 

24 24 2 24 4 -4(r2 RI QlqIPI+r2 RI pIQlql)ta -4r2 RI QlqIPI+r2RI pIQIR2qI 
4 42 2452 + r2 RI QI R2 qi Pl + 2 r2 RI qi Pl R2 - 8 r2 m R2 s ta pl QI qi 

2452 2432 2432 - 8 r2 m R2 s ta QI qi Pl + 4 r2 m R2 s ta pl QI qi + 4 r2 m R2 s ta QI qi Pl 
55 55 243 + r2 m R2 s pl QI qi + r2 111 R2 s QI qi Pl - 6 r2 m R2 s pl QI qi 

243 24522 24322 - 6 r2 m R2 s QI qi Pl - 4 r2 111 R2 s ta qi Pl + 2 r2 m R2 s ta qi Pl 

+ 2 1'2 m R2 5 s 5 qI 2 P 1- 6 r2 2 m R2 4 s 5 pl QI qi - 6 r2 2 m R2 4 s 5 QI qi Pl 
52 52 532 + 3 r2 m R2 sc pl QI qi + 3 r2 m R2 sc QI qi Pl + 3 r2 m R2 s c pl QI qi 

+3 r2 mR2 5 
s3 c

2 QI qi PI-12r2 4 mR2 2 spI QI qI-12r2 4 mR2 2 s QI qi Pl 
_ 2 r2 2 RI 4 qI 2 Pl _ 8 r2 2 RI 4 pl QI 2 _ 2 r2 2 RI 4 qI 2 Pl ta 2 _ 8 r2 2 RI 4 pl QI 2 ta 2 

2452 2 2432 2 42 2 - 16 r2 m R2 s ta pl QI + 8 r2 m R2 s ta pl QI - 48 r2 m R2 8 pl QI 
4 2 55 2 243 2 52 2 - 4 r2 RI pl QI R2 - 4 r2 m R2 s pl QI - 24 r2 m R2 s pl QI - 6 r2 m R2 8 c pl QI 

245 24 242 5322 - 24 r 2 m R2 spI QI) sI + q 1 (-4 r 2 RI QI - 3 r 2 m R2 s c QI 
24 2 4 2432 55 - 4 r2 RI QI qi ta + r2 RI QI R2 qi + 4 r2 m R2 s ta QI qi + r2 m R2 s QI ql . 
2 43 2 4522 2 4322 552 - 6 r2 m R2 s QI qi - 2 r2 m R2 s ta qi + r2 m R2 8 ta qi + r2 m R2 s qi 
245 52 532 42 - 6 r2 m R2 s QI qi + 3 r2 m R2 8 c QI qi + 3 r2 m R2 8 c QI qi - 12 r2 m R2 s QI qi 

_ r2 2 RI 4 qI 2 ta 2 _ 4 r2 2 RI 4 QI 2 ta 2 _ 2 r2 RI 4 QI 2 R2 _ 4 r2 2 RI 4 QI qi + r2 RI 4 qI 2 R2 
24522 24322 422 552 - 8 r2 m R2 s ta QI + 4 r2 m R2 s ta QI - 24 r2 m R2 s QI - 2 r2 m R2 s QI 
2452 522 2452 242 - 12 r2 m R2 s QI - 3 r2 m R2 8 c QI - 8 r2 m R2 s ta QI qi - r2 RI ql 

_ 12 r2 2 m R2 4 s 3 QI 2) 81 3 

[ 

r
> epsilonl:=coeff{RHS3epsilon,epsilon,l); 

G1 := qi sI (6 m R2 5 c 3 (1 + pl s1) QI sI 2 RI qi (1 + Pl s1) 
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+ 3 m R2 4 c 3 (1 + pl s1) Q1 s1 2 R1 2 q1 (1 + Pl s1) s 2 
5 3 2 2 + 6 m R2 c (l + pl s 1) Q 1 s 1 R1 q 1 (1 + Pl s 1) s 

+ 6 m R2 5 c 3 (1 + pl s1) Q1 s1 2 r2 ta 2 q1 (1 + Pl s1) 
+ 6 m R2 5 c 3 (1 + pl s1) Q1 sl 2 r2 ta 2 q1 (1 + Pl sl) s 2 

2 2 2 2 - 12 m R2 r2 c (1 + pl s1) Q1 sl R1 q1 (1 + Pl s1) 
3 3 2 2 - 24 m R2 r2 c (1 + pl sl) Qi sl ta q1 (1 + Pl s1) 

+ 6 m R2 4 tas 5 (1 + pl s1) Q1 s1 2 r2 q1 (1 + Pl s1)R1 
4 3 2 - 3 m R2 ta s (1 + pl s1) Q1 sl r2 q1 (l + Pi sl) R1 

4 4 2 2 + m R2 oS c (l + pl s1) Q1 sl q1 (1 + Pl 81) r2 ta R1 
43 . 22 55 222 + 3 m R2 c (1 + pl s1) Q1 sl r2 ta q1 (1 + Pl s1) R1 + 24 m R2 ta s (1 + pl s1) Q1 sl r2 
4 3 2 2 2 + 3 m R2 c (1 + pl s1) Q1 sl r2 ta q1 (1 + Pi sl) s R1 
2 3 2 2 - 12 m R2 r2 c (1 + pl s1) Q1 sl ta q1 (1 + Pl s1) R1 

-24mR2 3 r2 2 c(1 +p1 s1) Q1 s1 2 R1 q1 (1 +P1 sl)-12mR2 5 tas 3 (1 +p1 sl)2 Q1 2 s1 2 r2 
44 2222 53 222 - 2 m R2 8 c (1 + pl si) Q1 sl R1 - 6 m R2 c (1 + pl sl) Q1 sl R1 
43 22222 53 2222 - 3 m R2 c (1 + pl s1) Q1 sl R1 s - 6 m R2 c (1 + pl sl) Q1 sl R1 s 
54 222 54 2222 

- 4 m R2 s c (1 + pl s1) Q1 sl R1 - 4 m R2 s c (1 + pl s1) Qi sl r2 ta 
5 2222 5 2224 + 36 m R2 (1 + pl sl) Q1 sl s c r2 + 36 m R2 (1 + pl sl) Q1 sl s c r2 
23 2222 33 2222 

- 24 m R2 r2 c (1 + pl sl) Q1 sl ta R1 - 48 m R2 r2 c (1 + pl sl) Q1 sl ta 
+ 24 m R2 3 r2 2 c (1 + pl s1)2 Q1 2 s1 2 R1 - 3 m R2 4 c 3 (1 + pl s1)2 Q1 2 s1 2 R1 2 

53 2222 53 22222 
- 6 m R2 c (1 + pl s1) Q1 sl r2 ta - 6 m R2 c (1 + pl s1) Qi sl r2 ta s 

22 2222 45 222 + 12 m R2 r2 c (1 + pl s1) Q1 sl R1 + 12 m R2 ta s (1 + pl s1) Q1 sl r2 R1 
43 222 44 2222 

- 6 m R2 ta s (1 + pi s1) Q1 sl r2 R1 - 2 m R2 s c (1 + pl sl) Q1 sl r2 ta R1 
4 2222 4 2224 + 18 m R2 (1 + pl s1) Q1 sl s c r2 R1 + 18 m R2 (1 + pi s1) Q1 sl s c r2 R1 

43 2222 43 22222 
- 3 m R2 c (1 + pl .'11) Q1 .'11 r2 ta R1 - 3 m R2 c (1 + pl si) Q1 .'11 r2 ta s R1 
+ m R2 4 .'1 4 c q1 2 s1 2 (1 + Pl sl)2 R1 2 + 2 m R2 5 s 4 c q1 2 s1 2 (1 + Pl .'11)2 R1 

5422 22 4422 22 + 2 m R2 s c q1 sl (1 + Pl sl) r2 ta + m R2 s c q1 sl (1 + Pl sl) r2 ta R1 
+ 12 m R2 5 tas 5 (1 + pl s1) Q1 s1 2 r2 q1 (1 + Pl sl) 

5 3 2 -6mR2 tas (1+p1s1)Q1s1 r2q1 (1 +P1s1) 
4 4 2 2 +mR2 s c(1+p1s1)Q1s1 q1(1+P181)Ri 

5 4 2 + 2 m R2 8 c (1 + pl sl) Q1 sl q1 (1 + Pl s1) R1 
5 4 2 2 +2mR2 s c(1+p181)Q1s1 q1(1+P1s1)r2ta 
4 3 2 2 + 3 m R2 c (1 + pl 81) Q1 sl R1 q1 (l + Pl s1)) 

> epsilon2:=collect(epsilonl,sl)i 
. 5422 5422 54222 e2:=ql(-4mR2 s cp1 Q1 R1+36mR2 s cp1 Q1 r2-4mR2 s cp1 Q1 r2ta 

5222 23222 33222 + 36 m R2 pl Q1 s c r2 - 24 m R2 r2 c pl Q1 ta R1 - 48 m R2 r2 c pi Q1 ta 
3222 53222 532222 + 24 m R2 r2 c pl Q1 R1 - 6 m R2 c pl Qi r2 ta - 6 m R2 c pl Q1 r2 ta s 

+ 12 m R2 2 r2 2 c pl2 Q1 2 R1 2 + 12 m R2 4 ta s 5 p1 2 Q1 2 r2 R1 + 2 m R2 5 s4 c pl Q1 q1 Pl R1 

_ 6 m R2 4 ta s 3 p1 2 Q1 2 r2 R1 _ 2 m R2 4 
8

4 c p1 2 Q1 2 r2 ta 2 R1 + 18 m R2 4 p1 2 Q1 2 
8

2 
c r2 R1 

+ 6 m R2 5 c 3 pl Q1 R1 q1 Pl + 3 m R2 4 c 3 pl Q1 R1 2 q1 Pl + 3 m R2
4 

c 3 pl Q1 R1
2 

q1 Pl .'1
2 

5 3 2 5 3 2 + 6 m R2 c pl QI R1 q1 Pl s + 6 m R2 c pl Q1 r2 ta q1 Pl 
+ 6 m R2 5 c 3 pl Q1 r2 ta 2 q1 Pl s2 -12 m R2 2 r2 2 cp1 Q1 R1

2 
q1 Pl 

3 3 2 4 5 -24mR2 r2 cp1Qlta q1P1+6mR2 tas p1Q1r2q1P1R1 
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4 3 4 4 2 - 3 m R2 ta s pl QI r2 qi Pl RI + m R2 s c pl QI qi Pl r2 ta RI 

+ 3 m R2 4 c 3 pl QI r2 ta 2 qi Pl RI + 24 m R2 5 ta s 5 pI 2 QI 2 r2 

+ 3 m R2 4 c 3 pl QI r2 ta 2 qi Pl s2 RI-12 m R2 2 r2 3 cpi QI ta 2 qi Pl RI 

- 24 m R2 3 r2 2 c pl QI RI qi Pl - 12 m R2 5 ta s 3 pI 2 QI 2 r2 - 2 m R2 4 
8

4 c pI 2 QI 2 RI 2 

-6mR2 5 c 3 pI 2 QI 2 RI-3mR2 4 c 3 pI 2 QI 2 RI 2 -3 mR2 4 c 3 pI 2 QI 2 RI 2 s2 
53222 4422 43222 - 6 m R2 c pl QI RI s + 18 m R2 s c pl QI r2 RI - 3 m R2 c pl QI r2 ta RI 

- 3 m R2 4 c 3 pI 2 QI 2 r2 ta 2 s2 RI + m R2 4 s4 cqI 2 PI 2 RI 2 + 2 m R2 5 s4 cqI 2 PI 2 RI 
54222 44222 55 +2mR2 s cqI Pl r2ta +mR2 s cqI Pl r2ta RI+12mR2 tas pIQIr2qIPI 
53 44 2 54 2 -6mR2 tas pIQIr2qIPI+mR2 s cpiQIqIPIRI +2mR2 s cpiQIqIPIr2ta) 

5 43 2 43 22 54 2 sI + qi (3 (m R2 c QI r2 ta qi Pl + m R2 c pl QI r2 ta qI) s RI - 8 m R2 s c pl QI RI 
+ 72 m R2 5 s 4 c pl QI 2 r2 - 8 m R2 5 s 4 c pl QI 2 r2 ta 2 + 72 m R2 5 pl QI 2 s 2 c r2 

23 22 33 22 32 2 - 48 m R2 r2 c pl QI ta RI - 96 m R2 r2 c pl QI ta + 48 m R2 r2 c pl QI RI 
53 22 53 222 22 22 - 12 m R2 c pl QI r2 ta - 12 m R2 c pl QI r2 ta s + 24 m R2 r2 c pl QI RI 
45 2 43 2 44 22 + 24 m R2 ta s pl QI r2 RI - 12 m R2 ta s pl QI r2 RI - 4 m R2 s c pl QI r2 ta RI 
4 22 43 2 43 22 + 36 m R2 pl QI s c r2 RI + 3 (m R2 c QI RI qi Pl + m R2 c pl QI RI qI) s 

+ 6 (m R2 5 c 3 QI RI q I Pl + m R2 5 c 3 P I QI RI q 1) s 2 

+ 6 (m R2 5 c 3 QI r2 ta 2 qi Pl + m R2 5 c 3 pl QI r2 ta 2 qI)s2 + 6 m R2 5 c 3 pl Ql RI qi 

+ 6 m R2 5 c 3 QI RI qi Pl + 3 m R2 4 c 3 pl QI RI 2 qi + 3 m R2 4 c 3 Ql RI 2 qi Pl 
53 2 53 2 22 2 + 6 m R2 c pl QI r2 ta qi + 6 m R2 c QI r2 ta ql Pl - 12 m R2 r2 c pl QI RI qi 
22 2 45 45 -12mR2 r2 cQIRI qIPI+6(mR2 tas Qlr2qIPI+mR2 tas pl QI r2qI)RI 
43 43 33 2 - 3 (m R2 ta s QI r2 qi Pl + m R2 ta s pl QI r2 ql) RI - 24 m R2 r2 c pl QI ta qi 

-24mR2 3 r2 3 cQI ta 2 qi PI+3 (mR2 4 c 3 QI r2ta 2 qi PI+mR2 4 c 3 pl QI r2ta 2 qI)RI 

- 12 (m R2 2 r2 3 c QI ta 2 qi Pl + m R2 2 r2 3 c pl QI ta 2 q1) RI + 48 m R2 5 ta s 5 pl QI 2 r2 
32 32 53 2 - 24 m R2 r2 c pl QI RI qi - 24 m R2 r2 c QI Rl qi Pl - 24 m R2 ta s pl QI r2 

-4mR2 4 s4 cpi QI 2 RI 2 -12mR2 5 c 3 pl QI 2 RI-6mR2 4 c 3 pl QI 2 Rl 2 

- 6 m R2 4 c 3 pl QI 2 RI 2 s2 _ 12 m R2 5 c 3 pl QI 2 RI s 2 + 36 m R2 4 s 4 c pl QI 2 r2 RI 

- 6 m R2 4 c 3 pl QI 2 r2 ta 2 RI - 6 m R2 4 c 3 pl QI 2 r2 ta 2 s 2 RI + 2 m R2 4 s 4 c qI 2 Pl RI 2 

542 542 2 442 2 +4mR28 cqI PIRI+4mR2 s cqI Plr2ta +2mR2 s cqI PIr2ta Rl 
4 4 4 4 2 + (m R2 s c QI q 1 Pl + m R2 s c pl QI q 1) RI 

+ 2 (m R2 5 s4 c QI qi Pl + m R2 5 s4 cpi QI qJ)RI + 12 m R2 5 tas 5 pl QI r2 qi 

+ 12 m R2 5 tas 5 QI r2 qi PI- 6 m R2 5 tas 3 pl QI r2 qi - 6 m R2 5 tas 3 QI r2 qi Pl 

+ (m R2 4 s4 c QI qi Pl + m R2 4 s4 cpi QI qI) r2 ta 2 RI 
54 54 24 542 +2(mR2 s cQlqIPI+mR2 s cpIQlq1)r2ta )sI +qI(-4mR2 s cQI RI 

+ 36 m R2 5 s4 c QI 2 r2 - 4 m R2 5 s4 c QI 2 r2 ta 2 + 36 m R2 5 QI 2 s2 c r2 

- 24 m R2 2 r2 3 c QI 2 ta 2 RI - 48 m R2 3 r2 3 c QI 2 ta 2 + 24 111 R2 3 r2 2 c QI 2 RI 
5322 53222 2222 -6mR2 c QI r2ta -6mR2 c QI r2ta 8 +12111R2 r2 cQI RI 
452 54 432 + 12 m R2 tas QI r2 RI + 2 111 R2 s c QI qi RI - 6 111 R2 tas QI r2 RI 
4422 422 53 - 2 111 R2 s c QI r2 ta RI + 18 m R2 QI s c r2 RI + 6 111 R2 c QI RI qi 

+ 3 111 R2 4 c 3 QI RI 2 q 1 + 3 111 R2 4 c 3 QI RI 2 q 1 s 2 + 6 111 R2 5 c 3 QI RI q I s 2 
53 2 53 22 22 2 + 6 111 R2 c QI r2 ta qi + 6 m R2 c QI r2 ta qi s - 12 m R2 r2 c QI RI qi 
33 2 45 43 - 24111 R2 r2 c QI ta qi + 6 m R2 ta s QI r2 qi RI - 3 m R2 ta s QI r2 qi RI 

44 2 43 2 552 +mR2 s cQIqIr2ta RI+3mR2 c QIr2ta qIRI+24mR2 tas QI r2 
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+ 3111 R2 4 c 3 QI r2 ta 2 qi s2 RI- 12 m R2 2 r2 3 c QI ta 2 qi RI - 24 m R2 3 r2 2 c QI RI qi 

- 12111 R2 5 ta s 3 QI 2 r2 - 2 m R2 4 s4 c QI 2 RI 2 - 3111 R2 4 c 3 QI 2 RI 2 _ 3 m R2 4 c 3 QI 2 RI 2 s2 

- 6 m R2 5 c 3 QI 2 RI 8 2 + 18 m R2 4 s4 c QI 2 r2 RI - 3 m R2 4 c 3 QI 2 r2 ta 2 RI 
43222 4422 542 - 3 m R2 c QI r2 ta s RI + m R2 s c qi RI + 2 m R2 s c qi RI 
5422 4422 55 + 2 m R2 s c qi r2 ta + m R2 s c qi r2 ta RI + 12 m R2 ta s QI r2 qi 
53 44 2 54 2 532 - 6 m R2 ta 8 QI r2 qi + m R2 s c QI qi RI + 2 m R2 8 c QI qi r2 ta - 6 m R2 c QI RI 

) 81 3 

[ 

[

> DS:=coeff(LHS3,slÀS)i 

D5 := 2 r2 pl (-2 r2 pl QI - r2 qi Pl - 2 r2 ta 2 pl QI - r2 ta 2 qi Pl - R2 pl QI + R2 qi Pl) (RI + 2 R2)4 (2 
pl QI + qi Pl) 

> D4:=coeff(LHS3,slÀ4); 
2 2 D4 := 2 (r2 (-2 r2 pl QI - r2 qi Pl - 2 r2 ta pl QI - r2 ta qi Pl - R2 pl QI + R2 qi Pl) 
224 +r2pI(-2r2QI-r2qI-2r2ta QI-r2ta qI-R2QI+R2qI»)(RI+2R2) (2pIQI+qIPI)+ 
224 2 r2 pl (-2 r2 pl QI - r2 qi Pl - 2 r2 ta pl QI - r2 ta qi Pl - R2 pl QI + R2 qi Pl) (RI + 2 R2) (2 

QI + qI) 

> D3:=coeff(LHS3,slÀ 3 ); 

D3 := 2 r2 (.2 r2 QI - r2 q I - 2 r2 ta 2 QI - r2 ta 2 qi - R2 QI + R2 q I) (RI + 2 R2)4 (2 pl QI + q I Pl) + 2 (r2 

(-2 r2 pl QI - r2 qi Pl - 2 r2 ta 2 pl QI - r2 ta 2 qi Pl - R2 pl QI + R2 qi Pl) 
+ r2 pl (-2 r2 QI - r2 qi - 2 r2 ta 2 QI - r2 ta 2 qi - R2 QI + R2 qI» (RI + 2 R2)4 (2 QI + qI) 

[

> D2:=coeff(LHS3,slÀ2); 

D2 :=2 r2 (-2 r2 QI- r2 qI- 2 r2 ta 2 QI-r2 ta 2 qI- R2 QI + R2 qI) (RI + 2R2)4 (2 QI +qI) 

[
> Dl:=coeff(LHS3,sl)i 

Dl :=0 

[
> DO:=coeff(LHS3,sl,O); 

DO :=0 

> ES:=coeff(epsilon2,slÀS); 
- 5422 5422 54222 E):=qI(-4mR2 s cpi QI RI+36mR2 s cpi QI r2-4mR2 8 cpi QI r2ta 

5222 23222 33222 + 36 m R2 pl QI s c r2 - 24 m R2 r2 c pl QI ta RI - 48 m R2 r2 c pl QI ta 
3222 53222 532222 + 24 m R2 r2 c pl QI RI - 6 m R2 c pl QI r2 ta - 6 m R2 c pl QI r2 ta oS' 

+ 12 m R2 2 r2 2 c pI 2 QI 2 RI 2 + 12 m R2 4 ta s 5 pI 2 QI 2 r2 RI + 2 m R2 5 s 4 c pl QI qi Pl RI 
4322 44222 4222 -6111R2 tas pl QI r2RI-2mR2 s cpi QI r2ta RI + 18mR2 pl QI s cr2RI 

+ 6 m R2 5 c 3 pl QI RI q I Pl + 3 m R2 4 c 3 pl QI RI 2 q I Pl + 3 m R2 4 c 3 pl QI RI 2 q I Pl 8 2 

+ 6 m R2 5 c 3 pl QI RI qi Pl s2 + 6 m R2 5 c 3 pl QI r2 ta 2 qi Pl 
+ 6 m R2 5 c 3 pl QI r2 ta 2 qi Pl s2 - 12 m R2 2 r2 2 cpi QI RI 2 qi Pl 

- 24 m R2 3 r2 3 c pl QI ta 2 qi Pl + 6 m R2 4 ta s 5 pl QI r2 qi Pl RI 
4 3 4 4 2 -3mR2 tas pIQIr2qIPIRI+mR2 s cpiQIqIPIr2ta RI 
43 2 5522 + 3 m R2 c pl QI r2 ta qi Pl RI + 24 m R2 ta s pl QI r2 

+ 3 m R2 4 c 3 pl QI r2 ta 2 qi Pl s2 RI-12 m R2 2 r2 3 cpi QI ta 2 qi Pl RI 
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-24mR2 3 r2 2 cpi QI RI qi PI-12mR2 5 tas 3 pI 2 QI 2 r2 -2mR2 4 s4 cpI 2 QI 2 RI 2 

- 6 m R2 5 c 3 pI 2 QI 2 RI _ 3 m R2 4 c 3 pI 2 QI 2 RI 2 _ 3 m R2 4 c 3 pI 2 QI 2 RI 2 
S 2 

- 6 m R2 5 c 3 pI 2 QI 2 RI s2 + 18 m R2 4 s4 cpI 2 QI 2 r2 RI _ 3 m R2 4 c 3 pI 2 QI 2 r2 ta 2 RI 
_ 3 m R2 4 c 3 pl 2 QI 2 r 2 ta 2 s 2 RI + m R2 4 s 4 c q 1 2 P 12 RI 2 + 2 m R2 5 s 4 c q 1 2 P 12 RI 

+ 2 m R2 5 s 4 c qI 2 P 12 r2 ta 2 + m R2 4 s 4 c qI 2 PI 2 r2 ta 2 RI + 12 m R2 5 tas 5 pl QI r2 qi Pl 
53 44 2 54 2 -6mR2 tas pl QI r2qI PI+mR2 s cpi QI qi Pl RI +2mR2 s cpi QI qi Pl r2 ta ) 

> E4:=coeff(epsilon2,slÀ4)i 
43 2 43 22 54 2 E4 := qi (3 (m R2 c QI r2 ta qi Pl + m R2 c pl QI r2 ta qI) s RI - 8 m R2 s c pl QI RI 
54 2 54 22 5 22 + 72 m R2 s c pl QI r2 - 8 m R2 s c pl QI r2 ta + 72 m R2 pl QI s c r2 
23 22 33 22 32 2 - 48 m R2 r2 c pl QI ta RI - 96 m R2 r2 c pl QI ta + 48 m R2 r2 c pl QI RI 

-12 m R2 5 c 3 pl QI 2 r2 ta 2 -12 m R2 5 c 3 pl QI 2 r2 ta 2 s2 + 24m R2 2 r2 2 cpi QI 2 RI 2 

+ 24 m R2 4 ta s 5 pl QI 2 r2 RI - 12 m R2 4 ta s 3 pl QI 2 r2 RI _ 4 m R2 4 s 4 c pl QI 2 r2 ta 2 RI 
4 22 43 2 43 22 + 36 m R2 pl QI s c r2 RI + 3 (m R2 c QI RI qi Pl + m R2 c pl QI RI qI) s 

+ 6 (m R2 5 c 3 QI RI qi Pl + m R2 5 c 3 pl QI RI q1) s2 

+ 6 (m R2 5 c 3 QI r2 ta 2 qi Pl + m R2 5 c 3 pl QI r2 ta 2 qI) s2 + 6 m R2 5 c 3 pl QI RI qi 
53 43 2 43 2 + 6 m R2 c QI RI ql Pl + 3 m R2 c pl QI RI qI + 3 m R2 c QI RI qi Pl 
53 2 53 2 22 2 + 6 m R2 c pl QI r2 ta qi + 6 m R2 c QI r2 ta qi Pl - 12 m R2 r2 c pl QI RI qi 
22 2 45 45 - 12 m R2 r2 c QI RI qi Pl + 6 (m R2 ta s QI r2 qi Pl + m R2 ta s pl QI r2 q1) RI 

- 3 (m R2 4 ta s 3 QI r2 qi Pl + m R2 4 ta s 3 pl QI r2 q1) RI - 24 m R2 3 r2 3 c pl QI ta 2 qi 
33 2 43 2 43 2 - 24 m R2 r2 c QI ta qi PI + 3 (m R2 c Qi r2 ta qi Pl + m R2 c pl QI r2 ta qI) RI 
23 2 23 2 55 2 -12(mR2 r2 cQIta qIPI+mR2 r2 cpIQlta qI)RI+48mR2 tas piQI r2 
32 32 53 2 - 24 m R2 r2 c pl QI RI qi - 24 m R2 r2 c QI RI qi Pl - 24 m R2 ta s pl QI r2 

44 22 53 2 43 22 - 4 m R2 s cp 1 QI RI - 12 m R2 c pl QI RI - 6 m R2 c pl QI RI 
43 222 53 22 44 2 

- 6 m R2 c pl QI RI s - 12 m R2 c pl QI RI s + 36 m R2 s c pl QI r2 RI 
43 22 43 222 442 2 -6mR2 c pl QI r2ta RI-6mR2 c pl QI r2ta s RI+2mR2 s cqI PIRI 

+ 4 m R2 5 s 4 c q 12 Pl RI + 4 m R2 5 s 4 c qI 2 Pl r2 ta 2 + 2 m R2 4 s 4 c qI 2 PI r2 ta 2 RI 
4 4 4 4 2 +(mR2 s cQI qi PI+mR2 s cpi QI q1)RI 

+ 2 (m R2 5 s 4 c QI qi Pl + m R2 5 s 4 c pl QI qI) RI + 12 m R2 5 ta s 5 pl QI r2 qi 

+ 12 m R2 5 tas 5 QI r2 qi PI- 6 m R2 5 tas 3 pl QI r2 qi - 6 m R2 5 tas 3 QI r2 qi Pl 
4 4 4 4 2 +(mR2 s cQIqIPI+mR2 s cpiQIqI)r2ta RI 

+ 2 (m R2 5 s4 c QI qi Pl + m R2 5 s4 cpl QI q1) r2 ta 2) 

> E3:=coeff(epsilon2,slÀ3 )i 
542 542 5422 E3:=qI(-4mR2 s cQI RI+36mR2 s cQI r2-4mR2 s cQI r2ta 

+ 36 m R2 5 QI 2 
8

2 c r2 - 24 m R2 2 r2 3 c QI 2 ta 2 RI - 48 m R2 3 r2 3 c QI 2 ta 2 

322 5322 53222 + 24 m R2 r2 c QI RI - 6 m R2 c QI r2 ta - 6 m R2 c QI r2 ta s 

+ 12 m R2 2 r2 2 c QI 2 RI 2 + 12 m R2 4 ta s 5 QI 2 r2 RI + 2 m R2 5 s4 c QI qi RI 

_ 6 m R2 4 ta s 3 QI 2 r2 RI - 2 m R2 4 s 4 c QI 2 r2 ta 2 RI + 18 m R2 4 QI 2 s 2 c r2 RI 
+ 6 m R2 5 c 3 QI RI q 1 + 3 m R2 4 c 3 QI RI 2 q 1 + 3 m R2 4 c 3 QI RI 2 q 1 s 2 

+ 6 m R2 5 c 3 QI RI qi s2 + 6 m R2 5 c 3 QI r2 ta 2 qi + 6 m R2 5 c 3 QI r2 ta 2 qi s2 

_ 12 m R2 2 r2 2 c QI Rl 2 qi - 24 m R2 3 r2 3 c QI ta 2 qi + 6 m R2 4 ta s 5 QI r2 qi RI 
43 44 2 43 2 - 3 m R2 ta s QI r2 ql RI + m R2 s c QI qi r2 ta RI + 3 m R2 c QI r2 ta qi RI 
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+ 24 m R2 5 ta s 5 Q1 2 r2 + 3 m R2 4 c 3 Q1 r2 ta 2 q1 s 2 R1 - 12 m R2 2 r2 3 c Q1 ta 2 q1 R1 

- 24 m R2 3 r2 2 c Q1 R1 q1 - 12 m R2 5 ta s 3 Q1 2 r2 - 2 m R2 4 s4 c Q1 2 R1 2 - 3 m R2 4 c 3 Q1 2 R1 2 

- 3 m R2 4 c 3 Q1 2 R1 2 s2 _ 6 m R2 5 c 3 Q1 2 R1 s 2 + 18 m R2 4 s4 c Q1 2 r2 R1 
4322 43222 4422 - 3 m R2 c Q1 r2 ta R1 - 3 m R2 c Q1 r2 ta s R1 + m R2 s c q1 R1 
542 5422 4422 + 2 m R2 s c q1 R1 + 2 m R2 s c q1 r2 ta + m R2 s c q1 r2 ta R1 
55 53 44 2 + 12 m R2 ta s Q1 r2 q1 - 6 m R2 ta s Q1 r2 q1 + m R2 fi C Q1 q1 R1 

5 4 2 5 3 2 + 2 m R2 s c Q1 q1 r2 ta - 6 m R2 c Q1 R1) 

[> E2:=coeff(epsilon2,slA 2 ), 
E2:=0 

[ 

[> El:=coeff(epsilon2,sl); 
El :=0 

[> EO:=coeff(epsilon2,sl,O)i 
EO:=O 

> BS:=coeff(beta2,slÀS)i 
53222 24 2 4 

B5 := q1 (-3 r2 m R2 s c pl Q1 - 4 r2 R1 pl Q1 q1 Pl ta + r2 R1 pl Q1 R2 q1 Pl 

+r2 R1 4 q1 2 P1 2 R2- 8 r2 2 mR2 4 s5 ta 2 pl Q1 q1 Pl +4r2 2 mR2 4 s3 ta 2 pl Q1 q1 Pl 

+ r2 m R2 5 s5 pl Q1 q1 P1- 6 r2 2 m R2 4 s3 pl Q1 q1 Pl - 2 r2 2 m R2 4 s5 ta 2 q1 2 P1 2 

243222 5522 245 + r2 m R2 s ta q1 Pl + r2 m R2 s q1 Pl - 6 r2 m R2 8 pl Q1 q1 Pl 
52 532 42 +3r2mR2 sc p1Qlq1P1+3r2mR2 sc p1Q1q1Pl-12r2 mR2 sp1Q1q1P1 

_ 4 r2 2 R1 4 p1 2 Q1 2 _ r2 2 R1 4 q1 2 P 1 2 ta 2 _ 4 r2 2 R1 4 p1 2 Q1 2 ta 2 

_ 8 r2 2 m R2 4 s 5 ta 2 p1 2 Q1 2 + 4 r2 2 m R2 4 s 3 ta 2 p1 2 Q1 2 _ 24 r2 4 m R2 2 s p1 2 Q1 2 

422 5522 24322 - 2 r2 R1 pl Q1 R2 - 2 r2 m R2 s pl Q1 - 12 r2 m R2 8 pl Q1 
24522 52222422 24 - 12 r2 m R2 s pl Q1 - 3 r2 m R2 sc pl Q1 - r2 R1 q1 Pl - 4 r2 Rl pl Q1 q1 P 1) 

> B4:=coeff(beta2,slÀ4 )i 

B4:=q1 (-6r2mR2 5 s3 c 2 pl Q1 2 _4r2 2 R1 4 p1 Q1 ql-4(r2 2 R1 4 Q1 q1 P1+r2 2 R1 4 p1 Q1 q1)ta
2 

- 4 r2 2 R1 4 Q1 q1 Pl + r2 R1 4 pl Q1 R2 ql + r2 R1
4 

Ql R2 q1 Pl + 2 r2 Rl
4 

q1
2 

Pl R2 
- 8 r2 2 m R2 4 s5 ta 2 pl Q1 ql- 8 r2 2 m R2 4 s5 ta 2 Q1 ql Pl + 4 r2 2 m R2 4 

8
3 ta 2 pl Q1 q1 

+ 4 r2 2 m R2 4 s 3 ta 2 Q1 q1 Pl + r2 m R2 5 s 5 pl Q1 q1 + r2 m R2 5 s 5 Q1 q1 Pl 
_ 6 r2 2 m R2 4 

8
3 pl Q1 q1 _ 6 r2 2 m R2 4 

8
3 Q1 q1 Pl _ 4 r2 2 m R2 4 s 5 ta 2 q1 2 Pl 

+2r22 mR2 4 s 3 ta 2 ql2 P1+2r2mR2 5 s 5 q1 2 Pl_6r2 2 mR24 s 5 p1Q1ql 

- 6 r2 2 m R2 4 s5 Q1 q1 Pl + 3 r2 m R2 5 s c 2 pl Q1 q1 + 3 r2 m R2 5 s c 2 Q1 q1 Pl 

+ 3 r2 m R2 5 s3 c 2 pl Q1 q1 + 3 r2 m R2 5 s3 c 2 Ql q1 Pl-12 r2 4 m R2 2 sp1 Q1 q1 

- 12 r2 4 m R2 2 s Q1 q1 P1- 2 r2 2 R1 4 q1 2 Pl - 8 r2
2 

Rl
4 
pl Q1 2 - 2 r2

2 
Rl

4 
q1

2 
Pl ta

2 

_ 8 r2 2 R1 4 pl Ql2 ta 2 _ 16 r2 2 m R2 4 s 5 ta 2 pl Q1 2 + 8 r2 2 m R2 4 s 3 ta 2 pl Q1 2 

_ 48 r2 4 m R2 2 
8 pl Q1 2 _ 4 r2 R1 4 pl Q1 2 R2 - 4 r2 m R2 5 s 5 pl Q1 2 _ 24 r2 2 m R2 4 s 3 pl Q1 2 

_ 6 r2 m R2 5 s c 2 pl Q1 2 - 24 r2 2 m R2 4 s 5 pl Q12) 

[
> B3:=coeff(beta2,slÀ3): 

B3 :=q1 (_4r2 2 R1 4 Q1 2 -3r2 mR2 5 s3 c 2 Q1 2 _4r2 2 R1
4 

Q1 q1 ta 2 +r2 R1
4 

QI R2q1 
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2432 55 243 24522 + 4 r2 m R2 s ta QI qi + r2 m R2 s QI qi - 6 r2 m R2 s QI qi - 2 r2 m R2 s ta qi 
24322 552 245 52 + r2 m R2 s ta qi + r2 m R2 s qi - 6 r2 m R2 s QI qi + 3 r2 m R2 sc QI qi 

532 4 2 2422 2422 + 3 r2 m R2 s c QI qI - 12 r2 m R2 s QI qi - r2 RI qi ta - 4 r2 RI QI ta 
42 24 42 24522 - 2 r2 RI QI R2 - 4 r2 RI QI qi + r2 RI qi R2 - 8 r2 m R2 s ta QI 

24322 422 552 2452 + 4 r2 m R2 s ta QI - 24 r2 m R2 s QI - 2 r2 m R2 s QI - 12 r2 m R2 s QI 
522 2452 242 2432 - 3 r2 m R2 sc QI - 8 r2 m R2 s ta QI qI - r2 RI qI - 12 r2 m R2 s QI ) 

[> B2:=coeff(beta2.s1
A
2); 

B2:=0 

[> 

[> 
[> 
[> 
[> 

Bl:=coeff(beta2,sl)i 

BO:=coeff(beta2,sl,O)i 

BI :=0 

BO:=O 
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> 

program No. 5 

Coefficients of the diff. eq. of the axial 

stress of a helix using two 3-Para models 

restarti 

> wi th (linalg) : 

Warning, the protected names norm and trace have been redefined and 
unprotected 

> cl:=E*RlA2/(RlA2+m*R2A2}+m*E*R2A2/«RlA2+m*R2A2}*(r2+r2*taA2+nu*R2}}*«r 
2*taA2-nu*Rl}*s+R2A2*(1-2*sA2}*s*cA2/4/r2+R2A2*sA3*cA2* (1+nu}/2/r2-nuA2* 
R2 A2*s*c A4*(Rl+r2*taA2}/4/r2 A2/(1+nu»i 

ERi 2 
c1:=-----

Ri 2 + m R2 2 

[ 

2 2 2 232 2 2 4 2J mER22 (r2ta 2 _vRi)s+R2 (1-2s )sc +R2 sc (l+v)_v R2 sc (Ri +r2 ta ) 

4r2 2r2 4r2 2 (1+v) 

+----~-----------------------------------------------~ 
(Ri 2 + m R2 2) (r2 + r2 ta 2 + v R2) 

> c2:=r2*E*m*R2A2/(Rl+2*R2}/(RlA2+m*R2A2}/{r2+r2*taA2+nu*R2)*{r2*ta*s+R2 A2 
/4/(1+nu}/r2*«2*sA2-1)*sA2*c)-R2A2/2/r2*sA4*c-nuA2*R2A3*sA2*c A3/4/r2A2/ 
(l+nu}}i 

[ 

2 2 2 2 4 2 3 2 3J r2 E m R2 2 r2 ta s + R2 (2 s - 1) s c _ R2 s c _ v R2 s c 

4(1+v)r2 2r2 4r2 2 (1+v) 
c2:= . 

(Ri + 2 R2) (Ri 2 + m R22) (ri + r2 ta 2 + v R2) 
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[ 

+ 24 (QO RI
2 

r2 3 qO Pl + QO RI 2 r2 3 qi + (QO RI 2 r2 3 pl + QI RI 2 r2 3) qO) R2 

+ 24 (QO RI 2 r2 3 ta 2 qO Pl + QO RI 2 r2 3 ta 2 ql + (QO R1 2 r2 3 pl + QI R1 2 r2 3) ta 2 qO) R2 + 12 
23 2 23 2 23 23 2 (m R2 s r2 QO ta qO Pl + m R2 s r2 QO ta qi + (m R2 s r2 QI + m R2 s r2 pl QO) ta qO 

432 432 ) RI - 6 (m R2 s c r2 QO qO Pl + m R2 s c r2 QO qi 
432 432 42 + (m R2 s c r2 QI + m R2 s c r2 pl QO) qO) RI + 3 (m R2 s c r2 QO qO Pl 
42 42 42 233 + m R2 sc r2 QO qi + (m R2 sc r2 QI + m R2 sc r2 pl QO) qO) RI) + ql (24 QO RI r2 

+ 24 Q02 R1 3 r2 3 ta 2 + 12 Q02 R1 3 r2 2 R2 + 24 Q02 RI 2 r2 2 R2 2 + 48 Q02 R1 2 r2 3 R2 
33 4422 542 5422 + 12 QO RI r2 qO - m R2 sc qO RI - 2 m R2 sc qO RI - 2 m R2 sc qO r2 ta 

4422 2222 3322 
- m R2 s c qO r2 ta RI - 12 m R2 s r2 QO RI + 48 m R2 s r2 QO ta 

- 2 m R2 5 s C 
4 QO 2 RI - 24 m R2 3 s r2 2 QO 2 RI + 12 m R2 5 s 3 c 2 QO 2 r2 + 12 m R2 5 s c 2 r2 QO 2 

4422 4422 5422 - m R2 s c QO RI - m R2 s c QO r2 ta RI - 2 m R2 s c QO r2 ta 
+ 48 QO 2 RI 2 r2 3 ta 2 R2 + 24 m R2 2 s r2 3 QO 2 ta 2 RI + 6 m R2 4 s 3 C 2 QO 2 r2 RI 

42 2 22 2 32 + 6 m R2 sc r2 QO RI + 12 m R2 s r2 QO RI qO + 24 m R2 s r2 QO RI qO 

- 12 m R2 5 s 3 c 2 r2 QO qO + 12 QO R1 3 r2 3 ta 2 qO + 3 m R2 4 s c 2 r2 QO qO RI 
32 222 33 2 52 - 12 QO RI r2 R2 qO - 24 QO RI r2 R2 qO + 24 m R2 s r2 QO ta qO + 6 m R2 sc r2 QO qO 

+ 2 m R2 4 s c 4 QO qO R1 2 + 4 m R2 5 s c 4 QO qO RI + 4 m R2 5 s c 4 QO qO r2 ta 2 

+ 24 QO R1 2 r2 3 qO R2 + 24 QO RI 2 r2 3 ta 2 qO R2 + 12 m R2 2 s r2 3 QO ta 2 qO RI 
432 44 2 233 - 6 m R2 s c r2 QO qO RI + 2 m R2 s c QO qO r2 ta RI)) sI + qO (24 QO RI r2 

+ 24 QO 2 RI 3 r2 3 ta 2 + 12 QO 2 R1 3 r2 2 R2 + 24 QO 2 RI 2 r2 2 R2 2 + 48 QO 2 R1 2 r2 3 R2 
+ 12 QO R1 3 r2 3 qO _ m R2 4 sc 4 qO 2 RI 2 _ 2 m R2 5 s c 4 qO 2 RI _ 2 m R2 5 s c 4 qO 2 r2 ta 2 

_mR24sc4 q02 r2ta 2 RI-12mR22 sr2 2 Q02 RI 2 +48mR2 3 sr2 3 Q02 ta 2 

542 322 5322 52 2 - 2 m R2 s c QO RI - 24 m R2 s r2 QO RI + 12 m R2 s c QO r2 + 12 m R2 s c r2 QO 

_ m R2 4 s C 4 QO 2 RI 2 _ m R2 4 s c 4 QO 2 r2 ta 2 RI _ 2 m R2 5 s c 4 QO 2 r2 ta 2 

+ 48 QO 2 R1 2 r2 3 ta 2 R2 + 24 m R2 2 s r2 3 QO 2 ta 2 RI + 6 m R2 4 s 3 c 2 QO 2 r2 RI 
42 2 22 2 32 + 6 m R2 s c 1'2 QO RI + 12 m R2 s r2 QO RI qO + 24 m R2 s r2 QO RI qO 

- 12 m R2 5 s 3 c 2 r2 QO qO + 12 QO RI 3 r2 3 ta 2 qO + 3 m R2 4 s c 2 r2 QO qO RI 
32 222 33 2 52 

- 12 QO RI r2 R2 qO - 24 QO RI r2 R2 qO + 24 m R2 s r2 QO ta qO + 6 m R2 sc r2 QO qO 

+ 2 m R2 4 s c 4 QO qO RI 2 + 4 m R2 5 s c 4 QO qO RI + 4 m R2 5 s C 
4 QO qO r2 ta 2 

+ 24 QO RI 2 r2 3 qO R2 + 24 QO RI 2 r2 3 ta 2 qO R2 + 12 m R2
2 

s r2 3 QO ta
2 

qO RI 
4 3 2 4 4 2 - 6 m R2 s c r2 QO qO RI + 2 m R2 s c QO qO r2 ta RI) 

[

> DS:=coeff(LHS3,slÀS); . 

D5 := 4 pl r2 2 (r2 ta 2 qi Pl + r2 qi Pl + R2 pl QI + 2 r2 pl QI + 2 r2 ta 2 pl QI - R2 qi Pl) (RI 
2 

+ m R2 2)(RI + 2 R2)(2pI QI + qi Pl) 

> D4:=coeff(LHS3,slÀ4); 

D4 := 4 (r2 2 (r2 ta 2 qi Pl + r2 qi Pl + R2 pl QI + 2 1'2 pl QI + 2 r2 ta 2 pl QI - R2 qi Pl) + pl r2
2 

(2 r2 

QI + 2 r2 pl QO + 2 r2 ta 2 QI + 2 r2 ta 2 pl QO + r2 qO Pl + r2 qi + R2 QI + R2 pl QO 

+ r2 ta 2 qO Pl + r2 ta 2 ql - R2 qO PI- R2 qI))(R1 2 + m R22) (RI + 2 R2)(2pI QI + ql Pl) + 4 pl 

r2 2 (r2 ta 2 qi Pl + r2 qi Pl + R2 pl QI + 2 r2 pl QI + 2 r2 ta
2 
pl QI - R2 qi Pl) (RI 

2 + m R22) ( 
RI + 2 R2)(2 QI + 2 pl QO + qO Pl + qI) 

r> D3:=coeff(LHS3,slÀ 3 ); 

125 



2 2 2 
D3 := 4 (r2 (2 r2 QI + 2 r2 pl QO + 2 r2 ta Q1 + 2 r2 ta pl QO + r2 qO Pl + r2 q1 + R2 QI + R2 pl QO 

2 2 + r2 ta qO Pl + r2 ta q1 - R2 qO Pl - R2 q1) 

+ pl r2
2 

(2 r2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO»(R1 2 + m R22) (R1 + 2 R2)(2 

pl QI + qi Pl) + 4 (r2 2 (r2 ta 2 q1 Pl + r2 q1 Pl + R2 pl Q1 + 2 r2 pl Q1 + 2 r2 ta 2 pl Q1 
2 2 2 

- R2 qi Pl) + pl r2 (2 r2 QI + 2 r2 pl QO + 2 r2 ta Q1 + 2 r2 ta pl QO + r2 qO Pl + r2 q1 

+ R2 QI + R2 pl QO + r2 ta 2 qO Pl + r2 ta 2 qi - R2 qO Pl - R2 q1»(RI 2 + m R22) (R1 + 2 R2)(2 Q1 

+ 2 pl QO + qO Pl + q1) + 4 pl r2 2 (r2 ta 2 q1 Pl + r2 q1 Pl + R2 pl QI + 2 r2 pl QI 
+ 2 r2 ta 2 pl Q1 - R2 q1 P I)(R1 2 + m R22) (RI + 2 R2)(2 QO + qO) 

> D2:=coeff(LHS3,slÂ 2 )i 

D2 := 4 r2 2 (2 r2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO) (R1 2 + m R2 2) (R1 + 2 R2)(2 pl 
2 2 2 

QI + qi Pl) + 4 (r2 (2 r2 QI + 2 r2 pl QO + 2 r2 ta Q1 + 2 r2 ta pl QO + r2 qO Pl + r2 q1 
2 2 + R2 QI + R2 pl QO + r2 ta qO Pl + r2 ta q1 - R2 qO Pl - R2 qI) 

+ pl r2 2 (2 r2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO»(R1 2 + m R22) (R1 + 2 R2)(2 

Q1 + 2 pl QO + qO Pl + q1) + 4 (r2 2 (r2 ta 2 q1 Pl + r2 qi Pl + R2 pl Q1 + 2 r2 pl Q1 

+ 2 r2 ta 2 pl Q1 - R2 q1 Pl) + pl r2 2 (2 r2 QI + 2 r2 pl QO + 2 r2 ta 2 Q1 + 2 r2 ta 2 pl QO 

+ r2 qO Pl + r2 ql + R2 QI + R2 pl QO + r2 ta 2 qO Pl + r2 ta 2 q1 - R2 qO Pl - R2 qI»(R1 2 + m R22) 
(R1 + 2 R2) (2 QO + qO) 

> Dl:=coeff(LHS3,sl)i 

Dl := 4 r2 2 (2 r2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO) (R1 2 + m R22) (R1 + 2 R2)(2 Q1 

+ 2 pl QO + qO Pl + ql) + 4 (1'2 2 (2 r2 QI + 2 r2 pl QO + 2 r2 ta 2 QI + 2 r2 ta 2 pl QO + r2 qO Pl 

+ r2 qi + R2 QI + R2 pl QO + r2 ta 2 qO Pl + r2 ta 2 q1 - R2 qO Pl - R2 q1) 

+ pl r2 2 (21'2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO»(RI 2 + m R22) (R1 + 2 R2)(2 
QO + qO) 

[

> DO:=coeff(LHS3,sl,O)i 

DO := 4 r2 2 (2 r2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO) (R1 2 + m R22) (R1 + 2 R2)(2 QO 
+ qO) 

> ES:=coeff(epsilon2,slÀS)i 

E5 :=ql (24 Ql2 R1 3 r2 3 pl2 + 24 Ql2 R1 3 r2 3 p1 2 ta 2 _ m R2 4 s c 4 q1 2 P1 2 Rl 2 

5422 54222 2322 - 2 m R2 sc q1 Pl R1 - 2 m R2 sc ql Pl r2 ta + 12 Q1 R1 r2 pl R2 
_ m R2 4 sc 4 ql2 P 1 2 1'2 ta 2 RI _ 12 m R2 2 s r2 2 pl2 QI 2 Rl 2 + 24 Ql2 R1 2 r2 2 p1 2 R2 2 

+ 48 m R2 3 s r2 3 pl 2 Q1 2 ta 2 _ 2 m R2 5 s c 4 p1 2 QI 2 R1 + 48 QI 2 R1 2 r2 3 p1 2 R2 
3222 53222 52 22 

- 24 m R2 s r2 pl Q1 R1 + 12 m R2 s c pl Q1 r2 + 12 m R2 sc r2 pl Q1 
44222 44222 33 - m R2 sc pl Q1 R1 - m R2 sC pl Q1 r2 ta R1 + 12 Q1 R1 r2 pl qi Pl 

_ 2 m R2 5 s c 4 p1 2 Q1 2 r2 ta 2 + 48 Q1 2 R1 2 r2 3 p1 2 ta 2 R2 + 24 m R2 2 s r2 3 p1 2 Q1 2 ta 2 R1 
43222 42 22 22 2 + 6 m R2 s c pl Q1 r2 R1 + 6 m R2 sc r2 pl Q1 R1 + 12 m R2 s r2 pl Q1 RI q1 Pl 

+ 24 m R2 3 s r2 2 pl QI R1 q 1 Pl - 12 m R2 5 s 3 c 2 r2 pl Q1 q 1 Pl + 12 Q1 Rl 3 r2 3 pl ta 2 q 1 Pl 

_ 12 Q1 R1 3 r2 2 pl R2 q1 Pl - 24 Q1 R1 2 r2 2 pl R2 2 q1 Pl + 24 m R2 3 s r2 3 pl Q1 ta 2 q1 Pl 
+ 6 m R2 5 s c 2 r 2 pl Q 1 q 1 Pl + 2 m R2 4 s c 4 pl Q 1 q 1 Pl R1 2 + 4 m R2 5 s c 4 pl Q 1 q 1 Pl R1 

+ 4 m R2 5 s c 4 pl Q1 q1 Pl r2 ta 2 + 24 Q1 RI 2 r2 3 pl q1 Pl R2 + 24 Q1 R1 2 r2 3 pl ta 2 q1 Pl R2 
2 3 2 4 3 2 +12mR2 sr2 p1Q1ta q1P1Rl-6mR2 sc r2plQ1qlP1R1 

4 2 4 4 2 + 3 m R2 sc r2 pl Q1 q1 Pl R1 + 2 m R2 sc pl Q1 q1 Pl r2 ta Ri) 
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> E4:=coeff(epsilon2,slÀ 4 )i 

E4 ;= qO (24 QI 2 Rl 3 r2 3 pI 2 + 24 QI 2 RI 3 r2 3 pI 2 ta 2 
_ m R2 4 sc 4 qI 2 P 1 2 RI 2 

5422 54222 2322 - 2 m R2 sc qi Pl RI - 2 m R2 .'1 c qi Pl r2 ta + 12 QI RI r2 pl R2 
_ m R2 4 s c 4 q 1 2 Pl 2 r 2 ta 2 RI _ 12 m R2 2 s r2 2 pl 2 QI 2 RI 2 + 24 QI 2 RI 2 r 2 2 pl 2 R2 2 

+ 48 m R2 3 s r2 3 pI 2 Q12 ta 2 _ 2 m R2 5 s c 4 p12 QI 2 RI + 48 QI 2 R1 2 r2 3 p12 R2 
3222 53222 52 22 - 24 m R2 s r2 pl QI RI + 12 m R2 s c pl QI r2 + 12 m R2 sc r2 pl QI 

44222 44222 . 33 - m R2 sc pl QI RI - m R2 sc pl QI r2 ta RI + 12 QI RI r2 pl qi Pl 

_ 2 m R2 5 s c 4 p12 QI 2 r2 ta 2 + 48 QI 2 R1 2 r2 3 p12 ta 2 R2 + 24 m R2 2 s r2 3 p12 QI 2 ta 2 RI 

+ 6 m R2 4 s 3 c 2 pI 2 QI 2 r2 RI + 6 m R2 4 s c 2 r2 p12 QI 2 RI + 12 m R2 2 s r2 2 pl QI RI 2 qi Pl 
32 532 332 +24mR2 sr2 pIQIRlqIPI-12mR2 sc r2pIQIqlPl+12QIRI r2 plta qIPl 
32 22 2 33 2 -12QlRI r2 plR2qIPI-24QlRI r2 plR2 qIPI+24mR2 sr2 pl QI ta qIPl 

52 44 2 54 + 6 m R2 sc r2 pl QI ql Pl + 2 m R2 .'1 c pl QI ql Pl RI + 4 m R2 .'1 c pl QI ql Pl RI 
54 2 23 232 +4mR2 sc pl QI qIPI r2 ta +24QIRl r2 pIqIPIR2+24QlRI r2 plta qIPIR2 

2 3 2 4 3 2 + 12 m R2 s r2 pl QI ta qi Pl RI - 6 m R2 .'1 C r2 pl QI qi Pl RI 
42 44 2 54 +3mR2 sc r2pIQlqIPIRI+2mR2 sc pl QI qlPIr2ta Ri)+ql(4«(mR2 sc QI 

5 4 5 4 5 4 2 + m R2 .'1 c pl QO) ql + m R2 sc pl QI qO) Pl + m R2 .'1 c pl QI qi) r2 ta 
+ 48 (2 QO QI RI 2 r2 3 pI 2 + 2 QI 2 RI 2 r2 3 pl) ta 2 R2 

54 2 542 2 - 2 (2 m R2 sc pl QI + 2 m R2 .'1 c pl QO QI) r2 ta 
23 2 232 2 + 24 (2 m R2 .'1 r2 pl QI + 2 m R2 .'1 r2 pl QO Qi) ta RI 

+ 6 (2 m R2 4 
s3 c

2 pl Q12 +2 mR2 4 
.'1

3 
c

2 pI 2 QO QI)r2 RI +48 QO QI R1 3 r2 3 pI 2 
233 44 2 442 2 + 48 QI RI r2 pl - (2 m R2 sc qO ql Pl + 2 m R2 sc qi Pl) r2 ta RI 

- (2 m R2 4 
.'1 c 4 pl QI 2 + 2 m R2 4 sc 4 pI 2 QO QI) r2 ta 2 RI 

+ 24 (2 QO QI RI 3 r2 3 pI 2 + 2 Q12 RI 3 r2 3 pl) ta 2 

44 2 442 2 - (2 m R2 .'1 c qO qi Pl + 2 m R2 .'1 c qi Pl) RI 
5 4 2 5 4 2 -2(2mR2 sc qOqlPl +2mR2 sc qi Pl)RI 

- 2 (2 m R2 5 s c 4 qO qi P 12 + 2 m R2 5 
.'1 c 4 qI 2 Pl) r2 ta 2 

+ 12 (2 QO QI R1 3 r2 2 pI 2 + 2 Q12 R1 3 r2 2 pl)R2 
22 2 222 2 - 12 (2 m R2 oS r2 pl QI + 2 m R2 s r2 pl QO QI) RI 

+ 24 (2 QO QI RI 2 r2 2 pI 2 + 2 QI 2 RI 2 r2 2 pl) R2 2 

33 2 332 2 + 48 (2 m R2 .'1 r2 pl QI + 2 m R2 .'1 r2 pl QO Qi) ta 
- 2 (2 m R2 5 s c 4 pl QI 2 + 2 m R2 5 

.'1 c 4 p12 QO QI) RI 

+ 48 (2 QO QI R1 2 r2 3 pI 2 + 2 QI 2 RI 2 r2 3 pl) R2 
3 2 2 3 2 2 - 24 (2 m R2 s r2 pl QI + 2 m R2 s r2 pl QO QI) RI 

+ 12 (2 m R2 5 s 3 c 2 pl QI 2 + 2 m R2 5 s 3 c 2 pI 2 QO QI) r2 
44 2 442 2 52 2 - (2 m R2 sc pl QI + 2 m R2 .'1 c pl QO QI) RI + 24 m R2 sc r2 pl QI 

+ 24 m R2 5 s c 2 r2 pI 2 QO QI + 12 «QO R1 3 r2 3 pl + QI R1 3 r2 3) ql + QI R1 3 r2 3 pl qO) Pl 

+ 12 QI RI 3 r2 3 pl ql + 6 (2 m R2 4 s c 2 r2 pl QI 2 
+ 2 m R2 4 

.'1 c 2 r2 pI 2 QO QI) RI 

+ 12 «m R2 2 s r2 2 QI + m R2 2 s r2 2 pl QO) R1 2 qi + m R2 2 s r2 2 pl QI R1 2 qO) Pl 
2 2 2 + 12 m R2 .'1 r2 pl QI RI qi 

+ 24 «m R2 3 s r2 2 QI + m R2 3 s r2 2 pl QO) RI qi + m R2 3 s r2 2 pl QI RI qO) Pl 

-12«mR2 5 s3 c 2 r2 QI +mR2 5 s3 c 2 r2pI QO)ql+mR2 5 
s3 c 2 r2pl Qi qO)PI 

+ 12 «QO RI 3 r2 3 pl + QI Ri 3 r2 3
) ta 2 qi + QI Ri 3 r2 3 pi ta 2 qO) Pl 
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32 532 332 + 24 m R2 s r2 pl QI RI ql - 12 m R2 s c r2 pl QI ql + 12 QI RI r2 pl ta qi 
_ 12 «QO Rl 3 r2 2 pl + Qi Ri 3 r2 2) R2 qi + Qi Rl 3 r2 2 pl R2 qO) Pi 
_ 24 «QO Rl 2 r2 2 pi + Qi Rl 2 r2 2) R2 2 qi + Qi Ri 2 r2 2 pi R2 2 qO) Pi 

33 33 2 33 2 + 24 «m R2 s r2 Qi + m R2 s r2 pl QO) ta qi + m R2 s r2 pl Qi ta qO) Pi 
5 2 5 2 5 2 + 6 «m R2 sc r2 QI + m R2 sc r2 pi QO) ql + m R2 sc r2 pi Qi qO) Pi 
32 44 44 44 

- 12 Qi Ri r2 pl R2 ql + 2 «(m R2 sc Qi + m R2 sc pi QO) qi + m R2 sc pl Qi qO) Pi 
44 2 22 2 33 2 + m R2 sc pi Qi ql) r2 ta Ri - 24 Qi Ri r2 pi R2 qi + 24 m R2 s r2 pi Qi ta qi 

5 2 + 6 m R2 s c r2 pi QI qi 
44 44 44 44 + 2 «(m R2 sc QI + m R2 sc pi QO) ql + m R2 sc pi Qi qO) Pl + m R2 sc pi Qi ql) 

Rl 2 

54 54 54 54 + 4 «(m R2 sc Qi + m R2 sc pl QO) qi + m R2 sc pi Qi qO) Pi + m R2 sc pi Qi ql) Ri 

+ 24 «(QO Rl 2 r2 3 pl + Qi Ri 2 r2 3
) qi + Qi Ri 2 r2 3 pi qO) Pi + Qi Ri 2 r2 3 pi ql) R2 

+ 24 «(QO Rl 2 r2 3 pi + Qi Ri 2 r2 3
) ta 2 qi + Qi Ri 2 r2 3 pi ta 2 qO)Pi + Qi Ri 2 r2 3 pl ta 2 ql) 

23 23 2 23 2 R2 + 12 «(m R2 s r2 Qi + m R2 s r2 pi QO) ta qi + m R2 s r2 pi QI ta qO) Pi 
23 2 432 432 + m R2 s r2 pi Qi ta qi) Ri - 6 «(m R2 s c r2 Qi + m R2 s c r2 pi QO) qi 

+ m R2 4 s 3 c2 r2 pi Qi qO) Pi + m R2 4 s 3 c 2 r2 pi Qi qi) Ri + 3 «(m R2 4 s c 2 r2 QI 
4 2 4 2 4 2 + m R2 sc r2 pi QO) qi + m R2 sc r2 pi Qi qO) Pi + m R2 sc r2 pi Qi ql) Ri) 

> E3:=coeff(epsilon2,slÀ 3 )i 
54 54 54 54 E3 := qO (4 «(m R2 sc Qi + m R2 sc pi QO) qi + m R2 sc pi Qi qO) Pi + m R2 sc pi Qi ql) r2 

ta 2 + 48 (2 QO Qi Rl 2 r2 3 pi 2 + 2 Ql2 Ri 2 r2 3 pi) ta 2 R2 
54 2 542 2 - 2 (2 m R2 sc pi QI + 2 m R2 sc pi QO Qi) r2 ta 

+ 24 (2 m R2 2 s r2 3 pi Qi 2 + 2 m R2 2 s r2 3 pi 2 QO Qi) ta 2 Ri 
+ 6 (2 m R2 4 s 3 c 2 pi Qi 2 + 2 m R2 4 s 3 c 2 pi 2 QO Qi) r2 Ri + 48 QO Qi Ri 3 r2 3 pi 2 

233 44 2 442 2 + 48 Qi Ri r2 pi - (2 m R2 sc qO qi Pi + 2 m R2 sc qi Pi) r2 ta Ri 
44 2 442 2 - (2 m R2 sc pi Qi + 2 m R2 sc pl QO Qi) r2 ta RI 

+ 24 (2 QO QI Ri 3 r2 3 pi 2 + 2 Ql2 Ri 3 r2 3 pi) ta 2 

44 2 442 2 - (2 m R2 sc qO qi Pi + 2 m R2 sc qi Pi) Ri 
_ 2 (2 m R2 5 s c 4 qO q l Pi 2 + 2 m R2 5 s c 4 q i 2 Pi) Ri 

54 2 542 2 - 2 (2 m R2 sc qO qi Pi + 2 m R2 sc qi Pi) r2 ta 

+ 12 (2 QO QI Ri 3 r2 2 pi 2 + 2 Qi 2 Ri 3 r2 2 pi) R2 
22 2 222 2 

- 12 (2 m R2 s r2 pl Qi + 2 m R2 s r2 pi QO Qi) Ri 
+ 24 (2 QO QI Rl 2 r2 2 pi 2 + 2 Qi 2 Ri 2 r2 2 pi) R2 2 

+ 48 (2 m R2 3 s r2 3 pi Qi 2 + 2 m R2 3 s r2 3 pi 2 QO Qi) ta 2 

5 4 2 5 4 2 - 2 (2 m R2 sc pl Qi + 2 m R2 sc pi QO Qi) Ri 
+ 48 (2 QO QI Rl 2 r2 3 pi 2 + 2 Qi 2 Rl 2 r2 3 pi) R2 

3 2 2 3 2 2 - 24 (2 m R2 s r2 pi Qi + 2 m R2 s r2 pi QO Qi) Ri 
532 2 5322 + 12 (2 m R2 s c pl Qi + 2 m R2 s c pl QO Qi) r2 

_ (2 m R2 4 s c4 pi Qi 2 + 2 m R2 4 s c4 pi 2 QO Qi) Ri 2 + 24 m R2 5 s c
2 

r2 pi Qi
2 

+ 24 m R2 5 s c 2 r2 pi 2 QO Qi + 12 «QO Ri 3 r2 3 pl + Qi Ri 3 r2 3) qi + Qi Ri
3 

r2 3 pi qO) Pi 
+ 12 QI Ri 3 r2 3 pl ql + 6 (2 m R2 4 s c 2 r2 pi Qi 2 + 2 m R2

4 
s c

2 
r2 pi

2 
QO Qi) RI 

+ 12 «m R2 2 s r2 2 QI + m R2 2 s r2 2 pi QO)Ri 2 qi + m R2 2 s r2
2 

pi QI Ri
2 

qO)Pi 
2 2 2 + 12mR2 sr2 pi QI RI ql 
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3 2 3 2 3 2 + 24 «m R2 s r2 QI + m R2 s r2 pl QO) RI ql + m R2 s r2 pl QI RI qO) Pl 
53253 2 532 - 12 «m R2 s c r2 QI + m R2 s c r2 pl QO) ql + m R2 s c r2 pl QI qO) Pl 

+ 12 «QO Rl 3 r2 3 pl + QI Rl 3 r2 3) ta 2 ql + QI Rl 3 r2 3 pl ta 2 qO)PI 
+24mR2 3 sr2 2 pl QI RI ql-12 mR2 5 s3 c 2 r2pl QI ql + 12 QI Rl 3 r2 3 pl ta 2 ql 

- 12 «QO Rl 3 r2 2 pl + QI Rl 3 r2 2) R2 ql + QI Rl 3 r2 2 pl R2 qO) Pl 
- 24 «QO Rl 2 r2 2 pl + QI Rl 2 r2 2) R2 2 ql + QI Rl 2 r2 2 pl R2 2 qO) Pl 

33 33 2 33 2 +24«mR2 sr2 QI+mR2 sr2 plQO)ta ql+mR2 sr2 pl QI ta qO)PI 
5 2 5 2 5 2 + 6 «m R2 sc r2 QI + m R2 sc r2 pl QO) ql + m R2 sc r2 pl QI qO) Pl 
32 44 44 44 

- 12 QI RI r2 pl R2 ql + 2 «(m R2 sc QI + m R2 sc pl QO) ql + m R2 sc pl QI qO) Pl 
44 2 22 2 33 2 + m R2 sc pl QI ql) r2 ta RI - 24 QI RI r2 pl R2 ql + 24 m R2 s r2 pl QI ta ql 

5 2 +6mR2 sc r2pl QI ql 
44 44 44 44 + 2 «(m R2 sc QI + m R2 sc pl QO) ql + m R2 sc pl QI qO) Pl + m R2 sc pl QI ql) 

Rl 2 

54 54 54 54 + 4 «(m R2 s c QI + m R2 sc pl QO) ql + m R2 sc pl QI qO) Pl + m R2 sc pl QI ql) RI 

+ 24 «(QO RI 2 r2 3 pl + QI Rl 2 r2 3) ql + QI Rl 2 r2 3 pl qO) Pl + QI Rl 2 r2 3 pl ql) R2 

+ 24 «(QO Rl 2 r2 3 pl + QI Rl 2 r2 3) ta 2 ql + QI Rl 2 r2 3 pl ta 2 qO) Pl + QI Rl 2 r2 3 pl ta 2 ql) 

R2+ 12 «(mR2 2 sr2 3 QI +mR2 2 sr2 3 pl QO)ta 2 ql +mR2 2 sr2 3 pl QI ta 2 qO)PI 
23 2 432 432 + m R2 s r2 pl QI ta ql) RI - 6 «Cm R2 s c r2 QI + m R2 s c r2 pl QO) ql 
432 432 42 + m R2 s c r2 pl QI qO) Pl + m R2 s c r2 pl QI ql) RI + 3 «(m R2 sc r2 QI 
4 2 4 2 4 2 + m R2 sc r2 pl QO) ql + m R2 sc r2 pl QI qO) Pl + m R2 sc r2 pl QI ql) RI) + ql (12 Cm 

22 22 2 32 32 R2 s r2 QI + m R2 s r2 pl QO) RI ql + 24 (m R2 s r2 QI + m R2 s r2 pl QO) RI ql 
+ 24 (m R2 3 s r2 3 QI + m R2 3 s r2 3 pl QO) ta 2 ql + 12 (QO Rl 3 r2 3 pl + QI Rl 3 r2 3) ta 2 ql 

+24QI 2 Rl 3 r2 3 +4«mR2 5 sc 4 QOqi +(mR2 5 sc 4 QI +mR2 5 sc4 pl QO)qO)PI 
54 54 54 2 + (m R2 sc QI + m R2 sc pl QO) ql + m R2 sc pl QI qO) r2 ta 

_ 2 (m R2 5 s c 4 qO 2 P 12 + 4 m R2 5 s c 4 qO ql Pl + m R2 5 s c 4 q12) r2 ta 2 

- 12 (QO Rl 3 r2 2 pl + QI Rl 3 r2 2) R2 qi - 24 QI Rl 2 r2 2 pl R2 2 qO 
232 23 23222 + 24 (m R2 s r2 QI + 4 m R2 s r2 pl QO QI + m R2 s r2 pl QO ) ta RI 

_ 24 (QO Rl 2 r2 2 pl + QI Rl 2 r2 2) R2 2 ql + 24 Q02 Rl 3 r2 3 pl2 + 96 QO QI Rl 3 r2 3 pl 
4422 44 442 2 -(mR2 sc qO Pl +4mR2 sc qOqIPI+mR2 .'le ql )r2ta RI 
442 44 4422 2 - Cm R2 sc QI + 4 m R2 sc pl QO QI + m R2 sc pl QO ) r2 ta RI 

+ 24 (QO 2 Rl 3 r2 3 pl2 + 4 QO QI Rl 3 r2 3 pl + QI 2 RI 3 r2 3 ) ta 2 

4422 44 4422 -(mR2 sc qO Pl +4mR2 .'le qOqi Pl +mR2 sc qi )RI 
5422 54 542 -2(mR2 sc qO Pl +4mR2 sc qOqIPI+mR2 sc qi )RI 

+ 12 (QO 2 RI 3 r2 2 pl2 + 4 QO QI Rl 3 r2 2 pl + Ql2 RI 3 r2 2) R2 
·222 22 22222 - 12 (m R2 s r2 QI + 4 m R2 s r2 pl QO QI + m R2 s r2 pl QO) RI 

+ 24 (QO 2 Rl 2 r2 2 pl2 + 4 QO QI RI 2 r2 2 pl + Ql2 Rl 2 r2 2) R2 2 

+ 48 (m R2 3 s r2 3 Ql2 + 4 m R2 3 s r2 3 pl QO QI + m R2 3 s r2 3 pl2 QO 2) ta 2 

542 54 5422 - 2 (m R2 sc QI + 4 m R2 sc pl QO QI + m R2 sc pl QO ) RI 

+48 (Q0 2 Rl 2 r2 3 pl2 +4 QO QI Rl 2 r2 3 pl + QI 2 Rl 2 r2 3)R2 
_ 24 (m R2 3 s r2 2 QI 2 + 4 m R2 3 s r 2 2 pl QO QI + m R2 3 s r2 2 pl 2 QO 2) RI 

+ 12 (m R2 5 s 3 c 2 Ql2 + 4 m R2 5 s 3 c 2 pl QO QI + m R2 5 s 3 c 2 pl2 Q02) r2 
_ (m R2 4 s c 4 QI 2 + 4 m R2 4 s c 4 pl QO QI + m R2 4 s c 4 pl 2 QO 2) RI 2 + 12 m R2 5 s c 2 r 2 QI 2 
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+ 12 m R2
5 s c 2 

r2 pI 2 QO 2 + 48 m R2 5 s c 2 r2 pl QO QI + 12 (QO RI 3 r2 3 pl + QI RI 3 r2 3) qi 

+ 12 (QO RI
3 

r2
3 

qi + (QO RI 3 r2 3 pl + QI RI 3 r2 3
) qO) Pl + 12 QI RI 3 r2 3 pl qO 

542 54 5422 2 
- 2 (m R2 sc QI + 4 m R2 sc pl QO QI + m R2 sc pl QO ) r2 ta 

+ 48 (QO 2 RI 2 r2 3 pI 2 + 4 QO QI RI 2 r2 3 pl + QI 2 RI 2 r2 3) ta 2 R2 
42 2 42 42 22 + 6 (m R2 sc r2 QI + 4 m R2 sc r2 pl QO QI + m R2 sc r2 pl QO ) RI 
22 2 22 22 2 +12(mR2 sr2 QORI qI+(mR2 sr2 QI+mR2 sr2 pIQO)RI qO)PI 

+ 6 (m R2 4 s 3 c 2 QI 2 + 4 m R2 4 s 3 c 2 pl QO QI + m R2 4 s 3 c 2 pI 2 QO 2) r2 RI 

+ 12mR2 2 sr2 2 pl QI RI 2 qO 

+ 24 (m R2 3 s r2 2 QO RI q I + (m R2 3 s r2 2 QI + m R2 3 s r2 2 pl QO) RI qO) Pl 

- 12 (m R2 5 s 3 c 2 r2 QI + m R2 5 s 3 c 2 r2 pl QO) qi 

-12 (m R2 5 
s3 c

2 r2 QO qi + (m R2 5 
s3 c

2 r2 QI + m R2 5 s3 c 2 r2pI QO) qO)PI 

+ 12 (QO RI 3 r2 3 ta 2 qi + (QO RI 3 r2 3 pl + QI RI 3 r2 3) ta 2 qO) Pl + 24 m R2 3 s r2 2 pl QI RI qO 

-12 m R2 S 
s3 c 2 r2pI QI qO+ 12 QI RI 3 r2 3 pl ta 2 qO 

- 12 (QO RI 3 r2 2 R2 qi + (QO RI 3 r2 2 pl + QI RI 3 r2 2) R2 qO) Pl 

_ 24 (QO RI 2 r 2 2 R2 2 q I + (QO RI 2 r 2 2 pl + QI RI 2 r 2 2) R2 2 qO) Pl 

+ 24 (m R2 3 s r2 3 QO ta 2 qi + (m R2 3 s r2 3 QI + m R2 3 s r2 3 pl QO) ta 2 qO) Pl 

+ 6 (m R2 5 s c 2 r2 QI + m R2 5 s c 2 r2 pl QO) qi 
5 2 5 2 5 2 + 6 (m R2 sc r2 QO qi + (m R2 sc r2 QI + m R2 sc r2 pl QO) qO) Pl 
32 44 44 44 

-12QIRI r2 pIR2qO+2«mR2 sc QOqI+(mR2 sc QI+mR2 sc pl QO)qO)PI 

+ (m R2 4 
sc 

4 QI + m R2 4 
sc 

4 pl QO) qi + m R2 4 s c 
4 pl QI qO) r2 ta 2 RI 

33 2 52 44 + 24 m R2 s r2 pl QI ta qO + 6 m R2 s c r2 pl QI qO + 2 «m R2 s c QO qi 
44 44 44 44 

+ (m R2 sc QI + m R2 sc pl QO) qO) Pl + (m R2 sc QI + m R2 sc pl QO) qi 

+mR2 4 sc 4 pI QI qO)RI 2 +4«mR2 5 sc 4 QOqi +(mR2 5 sc 4 QI +mR2 5 sc 4 pI QO)qO)PI 
54 54 54 23 + (m R2 sc QI + m R2 sc pl QO) qi + m R2 sc pl QI qO) RI + 24 «QO RI r2 qi 

+ (QO RI 2 r2 3 pl + QI RI 2 r2 3) qO) Pl + (QO RI 2 r2 3 pl + QI RI 2 r2 3) qi + QI RI 2 r2 3 pl qO) 

R2 + 24 «QO RI 2 r2 3 ta 2 qi + (QO RI 2 r2 3 pl + QI Rl 2 r2 3) ta 2 qO) Pl 

+ (QO RI 2 r2 3 pl + QI RI 2 r2 3
) ta 2 ql + QI RI 2 r2 3 pl ta 2 qO) R2+ 12 «m R2

2 s r2 3 QO ta
2 

qi 
23 23 2 23 23 2 + (m R2 s r2 QI + m R2 s r2 pl QO) ta qO) Pl + (m R2 s r2 QI + m R2 s r2 pl QO) ta qi 

2 3 2 4 3 2 + m R2 s r2 pl QI ta qO) RI - 6 «m R2 s c r2 QO qi 

+ (m R2 4 s 3 c 2 r2 QI + m R2 4 s 3 c 2 r2 pl QO) qO) Pl 
432 432 432 42 + (m R2 s c r2 QI + m R2 s c r2 pl QO) qi + m R2 s c r2 pl QI qO) RI + 3 «m R2 sc 

4 2 4 2 r2 QO qi + (m R2 sc r2 QI + m R2 sc r2 pl QO) qO) Pl 

+ (m R2 4 s c 2 r2 QI + m R2 4 s c 2 r2 pl QO) qi + m R2 4 s c 2 r2 pl QI qO) RI) 

> E2:=coeff(epsilon2,slÀ 2 ); 
2 2 2 2 2 

E2 := qO (12 (m R2 s r2 QI + m R2 s r2 pl QO) RI qi 
3 2 3 2 + 24 (m R2 s r2 QI + m R2 s r2 pl QO) RI qi 

+ 24 (m R2 3 s r2 3 QI + m R2 3 s r2 3 pl QO) ta 2 qi + 12 (QO RI 3 r2 3 pl + QI RI 3 r2 3) ta
2 

qi 

+ 24 QI 2 RI 3 r2 3 + 4 «m R2 5 s c 4 QO qi + (m R2 5 s c 4 QI + m R2 5 s c 4 pl QO) qO) Pl 
54 54 54 2 + (m R2 sc QI + m R2 sc pl QO) qi + m R2 sc pl QI qO) r2 ta 

-2(mR2 5 sc4 q02 PI 2 +4mR2 5 sc 4 qOql Pl +mR2
5 

sc
4 

qI
2

)r2 ta
2 

_ 12 (QO RI 3 r2 2 pl + QI RI 3 r2 2) R2 qi - 24 QI RI 2 r2 2 pl R2 2 qO 

+ 24 (m R2 2 s r2 3 QI 2 + 4 m R2 2 s r2 3 pl QO QI + m R2 2 s r2 3 pI 2 QO 2) ta 2 RI 
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_ 24 (QO RI 2 r2 2 pl + QI RI 2 r2 2) R2 2 qi + 24 QO 2 RI 3 r2 3 pI 2 + 96 QO QI RI 3 r2 3 pl 
4422 44 442 2 -(mR2 sc qO Pl +4mR2 sc qOqIPI+mR2 sc qi )r2ta RI 
442 44 4422 2 

- (m R2 sc QI + 4 m R2 sc pl QO QI + m R2 sc pl QO ) r2 ta RI 

+ 24 (QO 2 RI 3 r2 3 pI 2 + 4 QO QI RI 3 r2 3 pl + QI 2 RI 3 r2 3) ta 2 

4422 44 4422 -(mR2 sc qO Pl +4mR2 sc qOqi Pl +mR2 sc qi )RI 
5422 54 542 

- 2 (m R2 sc qO Pl + 4 m R2 sc qO qi Pl + m R2 sc qi ) RI 

+ 12 (QO 2 RI 3 r2 2 pI 2 + 4 QO QI RI 3 r2 2 pl + QI 2 RI 3 r2 2) R2 
_ 12 (m R2 2 s r 2 2 QI 2 + 4 m R2 2 s r 2 2 pl QO QI + m R2 2 s r 2 2 pl 2 QO 2) RI 2 

+24(Q0 2 RI 2 r2 2 pI 2 +4QOQI RI 2 r2 2pI +QI 2 RI 2 r2 2 )R2 2 

+ 48 (m R2 3 s r2 3 QI 2 + 4 m R2 3 s r2 3 pl QO QI + m R2 3 s r2 3 pI 2 Q02) ta 2 

542 54 5422 - 2 (m R2 sc QI + 4 m R2 sc pl QO QI + m R2 sc pl QO) RI 
+ 48 (QO 2 RI 2 r2 3 pI 2 + 4 QO QI RI 2 r2 3 pl + QI 2 RI 2 r2 3) R2 

322 32 3222 - 24 (m R2 s r2 QI + 4 m R2 s r2 pl QO QI + m R2 s r2 pl QO) RI 
5322 532 53222 + 12 (m R2 s c QI + 4 m R2 s c pl QO QI + m R2 s c pl QO ) r2 

442 44 44222 52 2 - (m R2 sc QI + 4 m R2 sc pl QO QI + m R2 sc pl QO ) RI + 12 m R2 sc r2 QI 

+ 12 m R2 5 s c 2 r2 pI 2 QO 2 + 48 m R2 5 s c 2 r2 pl QO QI + 12 (QO RI 3 r2 3 pl + QI RI 3 r2 3) qi 

+ 12 (QO RI 3 r2 3 qi + (QO RI 3 r2 3 pl + QI RI 3 r2 3) qO)PI + 12 QI RI
3 

r2
3 
pl qO 

542 54 5422 2 - 2 (m R2 sc QI + 4 m R2 sc pl QO QI + m R2 sc pl QO ) r2 ta 

+ 48 (QO 2 RI 2 r2 3 pI 2 + 4 QO QI RI 2 r2 3 pl + QI 2 Ri 2 r2 3) ta 2 R2 
+ 6 (m R2 4 s c 2 r2 Qi 2 + 4 m R2 4 s c 2 r2 pi QO Qi + m R2 4 s c 2 r2 pi 2 QO 2) Ri 

22 2 22 22 2 + 12 (mR2 sr2 QORi qI+(mR2 sr2 Qi+mR2 sr2 pIQO)Ri qO)Pi 
+ 6 (m R2 4 s 3 c 2 Qi 2 + 4 m R2 4 s 3 c 2 pl QO Qi + m R2 4 s 3 c 2 pi 2 QO 2) r2 Ri 

+ 12mR2 2 sr2 2 pl Qi Ri 2 qO 
3 2 3 2 3 2 + 24 (m R2 s r2 QO RI qi + (m R2 s r2 Qi + m R2 s r2 pl QO) Ri qO) Pl 

_ 12 (m R2 5 s 3 c 2 r 2 QI + m R2 5 s 3 c 2 r2 pi QO) q i 

_ 12 (m R2 5 s3 c 2 r2 QO ql + (m R2 5 s3 c 2 r2 Qi + m R2 5 s3 c 2 r2 pi QO) qO) Pi 

+ 12 (QO Ri 3 r2 3 ta 2 qi + (QO Ri 3 r2 3 pl + QI Ri 3 r2 3) ta 2 qO) Pl + 24 m R2 3 s r2
2 
pi QI RI qO 

_ 12 m R2 5 s 3 c 2 r2 pl QI qO + 12 QI Rl 3 r2 3 pl ta 2 qO 

_ 12 (QO Ri 3 r2 2 R2 ql + (QO Ri 3 r2 2 pl + QI Rl 3 r2 2) R2 qO) Pi 
_ 24 (QO RI 2 r2 2 R2 2 qi + (QO RI 2 r2 2 pl + QI RI 2 r2 2) R2 2 qO) Pl 

+ 24 (m R2 3 s r2 3 QO ta 2 qi + (m R2 3 s r2 3 QI + m R2 3 s r2 3 pl QO) ta
2 

qO)PI 
5 2 5 2 + 6 (m R2 sc r2 QI + m R2 sc r2 pl QO) ql 
5 2 5 2 5 2 +6(mR2 sc r2QOqI+(mR2 sc r2Qi+mR2 sc r2piQO)qO)Pi 

_ 12 QI Ri 3 r2 2 pi R2 qO + 2 «m R2 4 s c 4 QO qi + (m R2 4 sc 4 Qi + m R2
4 

s c 4 
pi QO) qO) Pi 

44 44 44 2 + (m R2 sc QI + m R2 sc pl QO) ql + m R2 sc pi QI qO) r2 ta RI 

+ 24 m R2 3 s r2 3 pl QI ta 2 qO + 6 m R2 5 s c 2 r2 pl QI qO + 2 «m R2
4 

s c
4 

QO qi 
44 44 44 44 + (m R2 sc QI + m R2 sc pi QO) qO) Pl + (m R2 sc QI + m R2 sc pl QO) qi 

+ m R2 4 s c 4 pl QI qO) Ri 2 + 4 « m R2 5 s c 4 QO q I + (m R2 5 s c 4 QI + m R2 5 s c 4 
pl QO) qO) Pl 

+ (m R2 5 s c 4 Qi + m R2 5 s c 4 pl QO) ql + m R2 5 s c 4 
pi Qi qO) RI + 24 «QO RI

2 
r2

3 
qi 

+ (QO RI 2 r2 3 pl + QI RI 2 r2 3) qO) Pi + (QO Ri 2 r2 3 pi + Qi Ri 2 r2 3) qi + Qi Ri
2 

r2 3 pi qO) 

R2 + 24 «QO RI 2 r2 3 ta 2 qi + (QO Ri 2 r2 3 pl + Qi RI
2 

r2 3) ta
2 

qO) Pi 

+ (QO RiZ r2 3 pi + Qi RIz r2 3) ta 2 qi + QI RI 2 r2 3 pl ta 2 qO) R2+ 12 «m R2
2 

s r2
3 

QO ta
2 

qi 
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+(mR2
2 

sr2
3 

QI +mR2
2 

sr2 3 pl QO)ta
2 

qO)PI+(mR2 2 sr2 3 QI +mR2 2 sr2 3 pl QO)ta 2 ql 
2 3 2 4 3 2 + m R2 s r2 pl QI ta qO) RI - 6 «m R2 s c r2 QO qi 

+ (m R2 4 s3 c 2 r2 QI + m R2 4 s3 c 2 r2 pl QO) qO) Pl 
432 432 432 4 ? 

+ (m R2 s c r2 QI + m R2 s c r2 pl QO) ql + m R2 s c r2 pl QI qO) RI + 3 «m R2 s c-
4 2 4 2 r2 QO qi + (m R2 sc r2 QI + m R2 sc r2 pl QO) qO) Pl 

4 2 4 2 4 2 
+ (m R2 sc r2 QI + m R2 sc r2 pl QO) qi + m R2 sc r2 pl QI qO) Rl) + ql ( 

-2 (2 m R2 5 s c 4 QO Ql + 2 m R2 5 s c 4 pl Q02) r2 ta 2 - 24 (QO Rl 2 r2 2 pl + Ql Rl 2 r22) R2 2 qO 

- 12 (QO Rl 3 r2 2 pl + Ql Rl 3 r2 2) R2 qO + 6 (2 m R2 4 s 3 c 2 QO Ql + 2 m R2 4 s 3 c 2 pl Q02) r2 Rl 
5 4 2 5 4 2 

- 2 (2 ln R2 s c qO Pl + 2 m R2 s c qO q 1 ) r2 ta 
54 54 54 54 2 + 4 (m R2 sc QO qO Pl + m R2 sc QO ql + (m R2 sc Ql + m R2 sc pl QO) qO) r2 ta 

+ 48 (2 Q02 Rl 2 r2 3 pl + 2 QO Ql Rl 2 r2 3) ta 2 R2 

+ 24 (2 m R2 2 s r2 3 QO Ql + 2 m R2 2 s r2 3 pl QO 2) ta 2 Rl 

+ 12 (m R2 2 s r2 2 Ql + m R2 2 s r2 2 pl QO) Rl 2 qO + 12 (QO Rl 3 r2 3 pl + Ql Rl 3 r2 3) ta 2 qO 
3 2 3 2 + 24 (m R2 s r2 Ql + m R2 s r2 pl QO) Rl qO 

+24(mR2 3 sr2 3 Ql +mR2 3 sr2 3 pl QO)ta 2 qO+48QOQl Rl 3 r2 3 +48Q02 Rl 3 r2 3 pl 
4 4 2 4 4 2 - (2 m R2 sc qO Pl + 2 m R2 sc qO ql) r2 ta Rl 
44 44 2 2 33 - (2 m R2 sc QO Ql + 2 m R2 sc pl QO ) r2 ta Rl + 12 QO Rl r2 ql 
233 332 442 44 2 + 24 (2 QO Rl r2 pl + 2 QO QI Rl r2 ) ta - (2 m R2 sc qO Pl + 2 m R2 sc qO ql) Rl 

- 2 (2 m R2 5 s c 4 qO 2 Pl + 2 m R2 5 s c 4 qO ql) Rl + 12 (2 QO 2 Rl 3 r2 2 pl + 2 QO Ql Rl 3 r2 2) R2 
2 2 2 2 2 2 - 12 (2 m R2 s r2 QO Ql + 2 m R2 s r2 pl QO ) Rl 

+24(2Q0 2 Rl 2 r2 2 pl+2QOQl Rl 2 r2 2)R2 2 
3 3 3 3 2 2 + 48 (2 m R2 s r2 QO Ql + 2 m R2 s r2 pl QO ) ta 

- 2 (2 m R2 5 s c 4 QO Ql + 2 m R2 5 s c 4 pl QO 2) Rl + 48 (2 QO 2 Rl 2 r2 3 pl + 2 QO Ql Rl 2 r2 3) R2 

- 24 (2 m R2 3 s r2 2 QO QI + 2 m R2 3 s r2 2 pl QO 2 ) Rl 

+ 12(2mR2 5 s3 c 2 QOQl +2mR2 5 s3 c 2 pl Q02)r2 
44 44 22 52 - (2 m R2 s c QO Ql + 2 m R2 s c pl QO ) RI + 24 m R2 s c r2 QO Ql 

+ 24 m R2 5 s c 2 r2 pl Q02 + 12 (QO Rl 3 r2 3 pl + Ql Rl 3 r2 3) qO + 12 QO Rl 3 r2 3 qO Pl 
+ 6 (2 m R2 4 s c 2 r2 QO Ql + 2 m R2 4 s c 2 r2 pl QO 2) Rl + 12 m R2 2 s r2 2 QO Rl 2 ql 

- 12 (m R2 5 s 3 c 2 r2 Ql + m R2 5 s3 c 2 r2 pl QO) qO + 12 m R2 2 s r2 2 QO Rl 2 qO Pl 
+ 24 m R2 3 s r 2 2 QO Rl q 1 + 24 m R2 3 s r 2 2 QO Rl qO Pl - 12 m R2 5 s 3 c 2 r 2 QO q 1 

- 12 m R2 5 s 3 c 2 r2 QO qO Pl + 12 QO Rl 3 r2 3 ta 2 ql + 12 QO Rl 3 r2 3 ta 2 qO Pl 
52 52 32 32 + 6 (m R2 sc r2 Ql + m R2 sc r2 pl QO) qO - 12 QO Rl r2 R2 ql - 12 QO Rl r2 R2 qO Pl 
44 44 44 442 + 2 (m R2 sc QO qO Pl + m R2 sc QO ql + (m R2 sc Ql + m R2 sc pl QO) qO) r2 ta Rl 

- 24 QO Rl 2 r2 2 R2 2 ql _ 24 QO Rl 2 r2 2 R2 2 qO Pl + 24 m R2 3 s r2 3 QO ta 2 ql 
33 2 52 52 + 24 m R2 s r2 QO ta qO Pl + 6 m R2 sc r2 QO ql + 6 m R2 sc r2 QO qO Pl 

+ 4 (m R2 5 s c 4 QO qO Pl + m R2 5 s c 4 QO ql + (m R2 5 s c 4 Ql + m R2 5 s c 4 pl QO) qO) Rl 
44 44 44 44 2 + 2 (m R2 sc QO qO Pl + m R2 sc QO ql + (m R2 sc Ql + m R2 sc pl QO) qO) Rl 

+ 24 (QO Rl 2 r2 3 qO Pl + QO Rl 2 r2 3 ql + (QO Rl 2 r2 3 pl + Ql Rl 2 r2 3) qO) R2 

+ 24 (QO Rl 2 r2 3 ta 2 qOPl + QO Rl 2 r2 3 ta 2 qi + (QO Ri 2 r2 3 pi + Qi Ri 2 r2 3) ta 2 qO)R2+ 12 
23 2 23 2 23 23 2 (mR2 sr2 QOta qOPi+mR2 sr2 QOta qi+(mR2 sr2 Qi+mR2 sr2 plQO)ta qO 

) Ri - 6 (m R2 4 s 3 c 2 r2 QO qO Pi + m R2 4 s 3 c 2 r2 QO ql 

+ (m R2 4 s3 c 2 r2 Qi +m R2 4 s3 c 2 r2pl QO)qO)RI + 3 (mR2 4 s c 2 r2 QOqOPi 
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l 
[ 

4 2 4 2 4 2 + m R2 sc r2 QO ql + (m R2 sc r2 Ql + m R2 sc r2 pl QO) qO) Rl) 

> El:=coeff(epsilon2,sl); 

El ;= qO (-2 (2 m R2 5 s c 4 QO Ql + 2 m R2 5 s c 4 pl Q02) r2 ta 2 

- 24 (QO Rl 2 r2 2 pl + QI Rl 2 r2 2) R2 2 qO - 12 (QO Rl 3 r2 2 pl + Ql Rl 3 r2 2) R2 qO 

+ 6 (2 m R2 4 s 3 c 2 QO Ql + 2 m R2 4 s 3 c 2 pl Q02) r2 Rl 
5 4 2 5 4 2 -2(2mR2 sc qO Pl+2mR2 sc qOql)r2ta 

+ 4 (m R2 5 s c 4 QO qO Pl + m R2 5 s c 4 QO ql + (m R2 5 s c 4 QI + m R2 5 s c 4 pl QO) qO) r2 ta 2 

+ 48 (2 QO 2 Rl 2 r2 3 pl + 2 QO Ql Rl 2 r2 3) ta 2 R2 
2 3 2 3 2 2 + 24 (2 m R2 s r2 QO Ql + 2 m R2 s r2 pl QO ) ta Rl 

+ 12 (m R2 2 s r2 2 Ql + m R2 2 s r2 2 pl QO) Rl 2 qO + 12 (QO Rl 3 r2 3 pl + Ql Rl 3 r2 3) ta 2 qO 
3 2 3 2 + 24 (m R2 s r2 Ql + m R2 s r2 pl QO) Rl qO 

+ 24 (m R2 3 s r2 3 Ql + m R2 3 s r2 3 pl QO) ta 2 qO + 48 QO Ql Rl 3 r2 3 + 48 QO 2 Rl 3 r2 3 pl 
4 4 2 4 4 2 

- (2 m R2 sc qO Pl + 2 m R2 sc qO ql) r2 ta Rl 
44 44 2 2 33 

- (2 m R2 sc QO QI + 2 m R2 sc pl QO ) r2 ta Rl + 12 QO Rl r2 ql 
233 332 442 44 2 + 24 (2 QO Rl r2 pl + 2 QO Ql Rl r2 ) ta - (2 m R2 sc qO Pl + 2 m R2 sc qO ql) Rl 
542 54 232 32 

- 2 (2 m R2 sc qO Pl + 2 m R2 sc qO ql) Rl + 12 (2 QO Rl r2 pl + 2 QO Ql Rl r2 ) R2 
2 2 2 2 2 2 

- 12 (2 m R2 s r2 QO Ql + 2 m R2 s r2 pl QO ) Rl 
+ 24 (2 Q02 Rl 2 r2 2 pl + 2 QO Ql Rl 2 r22) R2 2 

+48 (2mR2 3 sr2 3 QOQl +2mR2 3 sr2 3 pl Q02)ta 2 

- 2 (2 m R2 5 s c 4 QO Ql + 2 m R2 5 s c 4 pl Q02) Rl + 48 (2 Q02 Rl 2 r2 3 pl + 2 QO Ql Rl 2 r2 3) R2 
3 2 3 2 2 

- 24 (2 m R2 s r2 QO Ql + 2 m R2 s r2 pl QO ) Rl 
+ 12 (2 m R2 5 s 3 c 2 QO Ql + 2 m R2 5 s 3 c 2 pl QO 2) r2 

44 44 22 52 
- (2 m R2 sc QO Ql + 2 m R2 sc pl QO ) Rl + 24 m R2 sc r2 QO Ql 
+ 24 m R2 5 s C 

2 r2 pl QO 2 + 12 (QO Rl 3 r2 3 pl + Ql Rl 3 r2 3) qO + 12 QO Rl 3 r2 3 qO Pl 
42 42 2 22 2 + 6 (2 m R2 sc r2 QO Ql + 2 m R2 sc r2 pl QO ) Rl + 12 m R2 s r2 QO Rl ql 

- 12 (m R2 5 s 3 c 2 r2 Ql + m R2 5 s 3 c 2 r2 pl QO) qO + 12 m R2 2 s r2 2 QO Rl 2 qO Pl 
32 32 532 +24mR2 sr2 QORlql+24mR2 sr2 QORlqOPl-12mR2 sc r2QOql 

- 12 m R2 5 s 3 c 2 r2 QO qO Pl + 12 QO Rl 3 r2 3 ta 2 ql + 12 QO Rl 3 r2 3 ta 2 qO Pl 

+ 6 (m R2 5 s c 2 r2 Ql + m R2 5 s c 2 r2 pl QO) qO - 12 QO Rl 3 r2 2 R2 ql - 12 QO Rl 3 r2 2 R2 qO Pl 
44 44 44 44 2 + 2 (m R2 sc QO qO Pl + m R2 sc QO ql + (m R2 sc Ql + m R2 sc pl QO) qO) r2 ta Rl 

- 24 QO Rl 2 r2 2 R2 2 ql _ 24 QO Rl 2 r2 2 R2 2 qO Pl + 24 m R2 3 s r2 3 QO ta 2 ql 
33 2 52 52 +24mR2 sr2 QOta qOPl+6mR2 sc r2QOql+6mR2 sc r2QOqOPl 

+ 4 (m R2 5 s c 4 QO qO Pl + m R2 5 sc 4 QO ql + (m R2 5 s c 4 Ql + m R2 5 s c 4 pl QO) qO) Rl 
44 44 44 44 2 + 2 (m R2 sc QO qO Pl + m R2 sc QO ql + (m R2 sc Ql + m R2 sc pl QO) qO) Rl 

+ 24 (QO Rl 2 r2 3 qO Pl + QO Rl 2 r2 3 ql + (QO Rl 2 r2 3 pl + Ql Rl 2 r2 3) qO) R2 

+ 24 (QO Rl 2 r2 3 ta 2 qO Pl + QO Rl 2 r2 3 ta 2 ql + (QO Rl 2 r2 3 pl + QI Rl 2 r2 3
) ta 2 qO) R2+ 12 

(m R2 2 s r2 3 QO ta 2 qO Pl + m R2 2 s r2 3 QO ta 2 ql + (m R2 2 s r2 3 Ql + m R2 2 s r2 3 pl QO) ta
2 

qO 
) Rl - 6 (m R2 4 s 3 c 2 r2 QO qO PI + m R2 4 s 3 c 2 r2 QO ql 

+ (m R2 4 s 3 c 2 r2 QI + m R2 4 s 3 c 2 r2 pl QO) qO) Rl + 3 (m R2 4 s c 2 r2 QO qO Pl 
42 42 42 233 + m R2 sc r2 QO ql + (m R2 sc r2 Ql + m R2 sc r2 pl QO) qO) Rl) + ql (24 QO Rl r2 
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+ 24 Q02 Ri 3 r2 3 ta 2 + 12 Q02 Ri 3 r2 2 R2 + 24 QO 2 Ri 2 r2 2 R2 2 + 48 Q02 Ri 2 r2 3 R2 
33 4422 542 5422 + 12 QO Ri r2 qO - m R2 sc qO Ri - 2 m R2 sc qO Ri - 2 m R2 sc qO r2 ta 

- m R2 4 s c 4 qO 2 r 2 ta 2 Ri - 12 m R2 2 s r 2 2 QO 2 Ri 2 + 48 m R2 3 s r 2 3 QO 2 ta 2 

542 322 5322 52 2 - 2 m R2 sc QO Ri - 24 m R2 s r2 QO Ri + 12 m R2 s c QO r2 + 12 m R2 sc r2 QO 
4422 4422 5422 - m R2 s c QO Ri - m R2 s c QO r2 ta Ri - 2 m R2 s c QO r2 ta 

+ 48 Q02 Ri 2 r2 3 ta 2 R2 + 24 m R2 2 s r2 3 QO 2 ta 2 Ri + 6 m R2 4 s 3 c 2 Q02 r2 Ri 

+ 6 m R2 4 s c 2 r2 QO 2 Ri + 12 m R2 2 s r2 2 QO Ri 2 qO + 24 m R2 3 s r2 2 QO Ri qO 
532 332 42 - 12 m R2 s c r2 QO qO + 12 QO Ri r2 ta qO + 3 m R2 s c r2 QO qO Ri 
32 222 33 2 52 - 12 QO Ri r2 R2 qO - 24 QO Ri r2 R2 qO + 24 m R2 s r2 QO ta qO + 6 m R2 sc r2 QO qO 

44 2 54 54 2 + 2 m R2 s c QO qO Ri + 4 m R2 s c QO qO Ri + 4 m R2 s c QO qO r2 ta 

+ 24 QO Ri
2 r2 3 

qO R2 + 24 QO Ri 2 r2 3 ta 2 qO R2 + 12 m R2 2 s r2 3 QO ta 2 qO Ri 
4 3 2 4 4 2 - 6 m R2 s c r2 QO qO Ri + 2 m R2 s c QO qO r2 ta Ri) 

> EO:=coeff(epsilon2,sl,O)i 

EO := qO (24 QO 2 Ri 3 r2 3 + 24 QO 2 Ri 3 r2 3 ta 2 + 12 QO 2 Ri 3 r2 2 R2 + 24 QO 2 Ri 2 r2 2 R2 2 

+ 48 QO 2 Ri 2 r2 3 R2 + 12 QO Ri 3 r2 3 qO _ m R2 4 s c 4 qO 2 Ri 2 _ 2 m R2 5 s c 4 qO 2 Ri 

- 2 m R2 5 s c 4 q02 r2 ta 2 - m R2 4 s c 4 q02 r2 ta 2 Ri -12 m R2 2 s r2 2 Q02 Ri 2 

+ 48 m R2 3 s r 2 3 QO 2 ta 2 _ 2 m R2 5 s c 4 QO 2 Ri _ 24 m R2 3 s r 2 2 QO 2 Ri 

+ 12 m R2 5 s 3 c 2 QO 2 r 2 + 12 m R2 5 s c 2 r 2 QO 2 _ m R2 4 s c 4 QO 2 Ri 2 

_ m R2 4 
s c 4 QO 2 r2 ta 2 Ri _ 2 m R2 5 s c 4 QO 2 r2 ta 2 + 48 QO 2 Ri 2 r2 3 ta 2 R2 

+ 24 m R2 2 
s r2 3 QO 2 ta 2 Ri + 6 m R2 4 

s 3 c 2 QO 2 r2 Ri + 6 m R2 4 
s c 2 r2 QO 2 Ri 

+ 12 m R2 2 s r2 2 QO Ri 2 qO + 24 m R2 3 s r2 2 QO Ri qO _ 12 m R2 5 s 3 c 2 r2 QO qO 

+ 12 QO Ri 3 r2 3 ta 2 qO + 3 m R2 4 s c 2 r2 QO qO Ri - 12 QO Ri 3 r2 2 R2 qO - 24 QO Ri 2 r2 2 R2 2 qO 

+24mR2 3 sr2 3 QOta 2 qO+6mR2 5 sc 2 r2 QOqO +2mR2 4 sc4 QOqORi 2 

+ 4 m R2 5 s c 4 QO qO Ri + 4 m R2 5 s c 4 QO qO r2 ta 2 + 24 QO Ri 2 r2 3 qO R2 

+ 24 QO Ri 2 r2 3 ta 2 qO R2 + 12 m R2 2 s r2 3 QO ta 2 qO Ri - 6 m R2 4 s 3 c 2 r2 QO qO Ri 

+ 2 m R2 4 s c 4 QO qO r2 ta 2 Ri) 

> BS:=coeff(beta2,slAS)i 

B5 := qi (2 r2 2 m R2 4 s4 c pi Qi qi Pi _ 4 r2 2 m R2 4 s 4 c pi 2 Qi 2 _ r2 m R2 5 s 2 c 3 pi 2 Qi 2 

_ r2 m R2 5 s 2 c 3 qi 2 Pi 2 _ r2 2 m R2 4 s 2 c qi 2 Pi 2 _ 4 r2 2 m R2 4 s 2 c pi Qi qi Pi 

_ 4 r2 2 m R2 4 
s 2 c pi 2 Qi 2 + 2 r2 2 m R2 4 

s4 c qi 2 P i 2 + 12 r2 4 m R2 2 
s tapi Qi qi Pi 

+24r2 4 mR2 2 stapi 2 Qi2+2r2mR25s2c3 piQiqiPi) 

> B4:=coeff(beta2,slA4)i 
244 24422 52322 B4:=qO(2r2 mR2 s cpiQiqiPi-4r2 mR2 s cpi Qi -r2mR2 sc pi Qi 
5232224222 242 -r2mR2 sc qi Pi -r2 mR2 s cqi Pi -4r2 mR2 s cpiQiqiPi 

24222 24422 42 -4r2 mR2 s cpi Qi +2r2 mR2 s cqi Pi +12r2 mR2 stapiQiqiPi 

+ 24 r2 4 m R2 2 s tapi 2 Qi 2 + 2 r2 m R2 5 s 2 c 3 pi Qi qi P 1) + qi (-8 r2 2 m R2 4 s4 c pi Qi
2 

_ 8 r2 2 m R2 4 s 4 c pi 2 QO Qi 

+ 2 «r2 2 m R2 4 
s4 c Qi + r2 2 m R2 4 

s4 cpi QO) qi + r2 2 m R2 4 s4 cpi Qi qO)Pi 
2 4 4 

+2r2 mR2 s cpi Qi qi 
242 242 242 -4«r2 mR2 s cQi+r2 mR2 s cpiQO)qi+r2 mR2 s cpiQiqO)PI 
242 242 2 2422 

- 4 r2 m R2 s c pi QI ql - 8 r2 m R2 s c pl Qi - 8 r2 m R2 s c pl QO Qi 
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523 2 5232 242 2 - 2 r2 m R2 s c qO ql Pl - 2 r2 m R2 s c ql Pl - 2 r2 m R2 s c qO ql Pl 
2422 42 2 42 2 -2r2 mR2 s cql PI+48r2 mR2 staplQI +48r2 mR2 stapl QOQI 

523 523 523 + 2 «r2 m R2 s c QI + r2 m R2 s c pl QO) ql + r2 m R2 s c pl QI qO) Pl 
523 523 2 5232 + 2 r2 m R2 s c pl QI ql - 2 r2 m R2 s c pl QI - 2 r2 m R2 s c pl QO QI 

244 2 2442 +4r2 mR2 s cqOql Pl +4r2 mR2 s cql Pl 
4 2 4 2 4 2 +12«r2 mR2 staQI+r2 mR2 stapIQO)ql+r2 mR2 staplQlqO)PI 

4 2 + 12 r2 m R2 s ta pl QI q1) 

> B3:=coeff(beta2,slA3 )i 
244 2 2442 B3:=qO(-8r2 mR2 s cplQI -8r2 mR2 s cpl QOQI 
244 244 244 + 2 «r2 m R2 s c QI + r2 m R2 s c pl QO) ql + r2 m R2 s c pl QI qO) Pl 

2 4 4 + 2 r2 ln R2 s c pl QI ql 
242 242 242 

- 4 «r2 m R2 s c QI + r2 ln R2 s c pl QO) ql + r2 m R2 s c pl QI qO) Pl 
242 242 2 2422 - 4 r2 m R2 s c pl QI ql - 8 r2 m R2 s c pl QI - 8 r2 m R2 s c pl QO QI 

5232 5232 242 2 - 2 r2 m R2 s c qO ql Pl - 2 r2 m R2 s c ql Pl - 2 r2 m R2 s c qO ql Pl 
2422 42 2 42 2 -2r2 mR2 s cql PI+48r2 mR2 staplQI +48r2 mR2 stapl QOQI 

523 523 523 + 2 «r2 m R2 s c QI + r2 m R2 s c pl QO) ql + r2 m R2 s c pl QI qO) Pl 
523 523 2 5232 + 2 r2 ln R2 s c pl QI ql - 2 r2 m R2 s c pl QI - 2 r2 m R2 s c pl QO QI 

244 2 2442 +4r2 mR2 s cqOql Pl +4r2 mR2 s cql Pl 

+ 12 «r2 4 mR2 2 s ta QI + r2 4 m R2 2 s tapI QO)ql + r2 4 m R2 2 s tapI QI qO)PI 
42 5232 52322 +12r2 mR2 stapIQlql)+ql(-r2mR2 sc ql -r2mR2 sc qO Pl 

523 242224222 -4r2mR2 sc qOqlPI-r2 mR2 s cql -r2 mR2 s cqO Pl 
242 42 2 42 22 

- 4 r2 m R2 s c qO ql Pl + 24 r2 m R2 s ta QI + 24 r2 m R2 s ta pl QO 
42 2442 24422 + 96 r2 ln R2 s ta pl QO QI - 4 r2 m R2 s c QI - 4 r2 m R2 s c pl QO 

- 16 r2 2 m R2 4 s4 cpl QO QI + 12 (r2 4 m R2 2 s ta QI + r2 4 m R2 2 s tapI QO) ql 
4 2 4 2 4 2 + 12 (r2 m R2 s ta QO ql + (r2 m R2 s ta QI + r2 m R2 s ta pl QO) qO) Pl 

+ 2 (r2 2 
ln R2 4 s4 c QI + r2 2 

ln R2 4 s4 cpl QO) ql 
244 244 244 +2(r2 mR2 s cQOql+(r2 mR2 s cQI+r2 mR2 s cpIQO)qO)PI 
2422 24222 242 - 4 r2 m R2 s c QI - 4 r2 m R2 s c pl QO - 16 r2 m R2 s c pl QO QI 

5232 52322 523 - r2 m R2 s c QI - r2 m R2 s c pl QO - 4 r2 m R2 s c pl QO QI 
2442 24422 244 + 2 r2 m R2 s c ql + 2 r2 m R2 s c qO Pl + 8 r2 m R2 s c qO ql Pl 

4 2 2 4 4 + 12 r2 m R2 s ta pl QI qO + 2 r2 m R2 s c pl QI qO 
2 4 2 2 4 2 - 4 (r2 m R2 s c QI + r2 m R2 s c pl QO) ql 
242 242 242 - 4 (r2 m R2 s c QO ql + (r2 m R2 s c QI + r2 m R2 s c pl QO) qO) Pl 

+ 2 (r2 m R2 5 s2 c 3 QI + r2 m R2 5 s2 c 3 pl QO) ql 
+ 2 (r2 m R2 5 s2 c 3 QO ql + (r2 m R2 5 s2 c 3 QI + r2 m R2 5 s2 c 3 pl QO) qO) Pl 

2 4 2 5 2 3 - 4 r2 m R2 s c pl QI qO + 2 r2 m R2 s c pl QI qO) 

> B2:=coeff(beta2,slA2 )i 
5232 52322 523 B2:=qO(-r2mR2 sc ql -r2mR2 sc qO Pl -4r2mR2 sc qOqlPI 

242224222 242 - r2 m R2 s c ql - r2 m R2 s c qO Pl - 4 r2 m R2 s c qO ql Pl 
+ 24 r2 4 m R2 2 s ta Ql2 + 24 r2 4 m R2 2 s tapI 2 QO 2 + 96 r2 4 m R2 2 s tapI QO QI 

_ 4 r2 2 ln R2 4 s 4 c Ql2 _ 4 r2 2 m R2 4 s 4 c pl2 QO 2 _ 16 r2 2 m R2 4 s 4 c pl QO QI 
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+ 12 (r2
4 

m R2
2 

s ta QI + r2 4 m R2 2 s tapI QO) qi 

+ 12 (r2
4 

m R2
2 

s ta QO qi + (r2 4 m R2 2 s ta QI + r2 4 m R2 2 s tapI QO) qO) Pl 
2 4 4 2 4 4 + 2 (r2 m R2 s c QI + r2 m R2 s c pl QO) qi 
244 244 244 +2(r2 mR2 s cQOqI+(r2 mR2 s cQI+r2 mR2 s cpIQO)qO)PI 
2422 24222 242 - 4 r2 m R2 s c QI - 4 r2 m R2 s c pl QO - 16 r2 m R2 s c pl QO QI 

5232 52322 523 - r2 m R2 s c QI - r2 m R2 s c pl QO - 4 r2 m R2 s c pl QO QI 
2442 24422 244 + 2 r2 m R2 s c qi + 2 r2 m R2 s c qO Pl + 8 r2 m R2 s c qO ql Pl 

4 2 2 4 4 + 12 r2 m R2 s ta pl QI qO + 2 r2 m R2 s c pl Ql qO 
2 4 2 2 4 2 

- 4 (r2 m R2 s c QI + r2 m R2 s c pl QO) qi 
242 242 242 

- 4 (r2 m R2 s c QO qi + (r2 m R2 s c QI + r2 m R2 s c pl QO) qO) Pl 
523 523 + 2 (r2 m R2 s c QI + r2 m R2 s c pl QO) ql 
523 523 523 +2(r2mR2 sc QOql+(r2mR2 sc QI+r2mR2 sc pIQO)qO)PI 

2 42 523 523 - 4 r2 m R2 s c pl Ql qO + 2 r2 m R2 s c pl Ql qO) + qi (-2 r2 m R2 s c qO ql 
5232 242 2422 - 2 r2 m R2 s c qO Pl - 2 r2 m R2 s c qO qi - 2 r2 m R2 s c qO Pl 

42 42 2 244 + 48 r2 m R2 s ta QO Ql + 48 r2 m R2 s ta pl QO - 8 r2 m R2 s c QO Ql 
244 2 42 42 - 8 r2 m R2 s c pl QO + 12 (r2 m R2 s ta QI + r2 m R2 s ta pl QO) qO 
244 244 242 + 2 (r2 m R2 s c QI + r2 m R2 s c pl QO) qO - 8 r2 m R2 s c QO QI 
242 2 523 523 2 

- 8 r2 m R2 s c pl QO - 2 r2 m R2 s c QO QI - 2 r2 m R2 s c pl QO 
244 2442 42 + 4 r2 m R2 s c qO ql + 4 r2 m R2 s c qO Pl + 12 r2 m R2 s ta QO ql 

4 2 2 4 4 +12r2 mR2 staQOqOPI+2r2 mR2 s cQOqi 
2 4 2 2 4 2 

- 4 (r2 m R2 s c QI + r2 m R2 s c pl QO) qO 
523 523 2 44 + 2 (r2 m R2 s c QI + r2 m R2 s c pl QO) qO + 2 r2 m R2 s c QO qO Pl 

242 242 523 - 4 r2 m R2 s c QO ql - 4 r2 m R2 s c QO qO Pl + 2 r2 m R2 s c QO qi 
523 + 2 r2 m R2 s c QO qO Pl) 

> Bl:=coeff(beta2,sl); 

BI ;= qO (-2 r2 m R2 5 s 2 c 3 qO qi - 2 r2 m R2 5 s 2 c 3 q02 Pl - 2 r2 2 m R2 4 s 2 c qO qi 

_ 2 r2 2 m R2 4 s 2 c qO 2 Pl + 48 r2 4 m R2 2 s ta QO QI + 48 r2 4 m R2 2 s ta pl QO 2 

_ 8 r 2 2 m R2 4 s 4 c QO QI _ 8 r 2 2 m R2 4 s 4 cp 1 QO 2 

+ 12 (r2 4 m R2 2 s ta Ql + r2 4 m R2 2 s ta pl QO) qO 

+ 2 (r2 2 m R2 4 s 4 c Ql + r2 2 m R2 4 s 4 c pl QO) qO _ 8 r2 2 m R2 4 s 2 c QO QI 
_ 8 r2 2 m R2 4 s 2 cp 1 QO 2 _ 2 r2 m R2 5 s 2 c 3 QO QI _ 2 r2 m R2 5 s 2 c 3 pl QO 2 

+ 4 r2 2 m R2 4 s4 c qO qi + 4 r2 2 m R2 4 s 4 C q02 Pl + 12 r2 4 m R2 2 s ta QO qi 

+ 12 r2 4 m R2 2 s ta QO qO Pl + 2 r2 2 m R2 4 s4 c QO qi 

_ 4 (r2 2 m R2 4 s 2 c Ql + r2 2 m R2 4 s 2 c pl QO) qO 

+ 2 (r2 m R2 5 s 2 c 3 Ql + r2 m R2 5 s 2 c 3 pl QO) qO + 2 r2 2 m R2 4 s 4 c QO qO Pl 

_ 4 r2 2 m R2 4 s 2 c QO q 1 _ 4 r2 2 m R2 4 s 2 c QO qO Pl + 2 r2 m R2 5 s 2 c 3 QO q 1 

+ 2 r2 m R2 5 s 2 C 3 QO qO Pl) + q 1 (-r2 m R2 5 s 2 c 3 qO 2 + 2 r2 2 m R2 4 s 4 c QO qO 
_ 4 r 2 2 m R2 4 s 4 c QO 2 _ 4 r 2 2 m R2 4 s 2 C QO 2 + 2 r 2 2 m R2 4 s 4 c qO 2 _ r 2 2 m R2 4 s 2 c qO 2 

_ 4 r2 2 m R2 4 s 2 c QO qO + 2 r2 m R2 5 s 2 c 3 QO qO _ r2 m R2 5 s 2 C 3 QO 2 

+ 12 r2 4 m R2 2 s ta QO qO + 24 r2 4 m R2 2 s ta QO 2) 

f> BO:=coeff(beta2,sl,O)i 
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l 
5232 244 2442 2422 BO:= qO (-r2 m R2 s c qO + 2 r2 m R2 s c QO qO - 4 r2 m R2 s c QO - 4 r2 m R2 s c QO 

24422422 242 523 + 2 r2 m R2 s c qO - r2 m R2 s c qO - 4 r2 m R2 s c QO qO + 2 r2 m R2 s c QO qO 
5232 42 42 2 - r2 m R2 s c QO + 12 r2 m R2 s ta QO qO + 24 r2 m R2 s ta QO ) 

[> 
[> 
[> 
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> # 

program No. 6 

Coefficients of the diff. eq. of the shear 

stress of a helix using two 3-Para models 

restart; 

> with(linalg) : 

Warning, the protected names norm and trace have been redefined and 
unprotected 
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[ 

2 23 2 23 23 2 
QO ta qO Pl + m R2 r2 c QO ta q1 + (m R2 r2 c Q1 + m R2 r2 c pl QO) ta qO) R1 

+ 24 m R2
3 

r2
3 c QO ta

2 
q1 + 24 m R2 3 r2 3 c QO ta 2 qO Pl + 24 m R2 3 r2 2 c QO R1 q1 

+ 24 m R2 3 r 2 2 c QO Ri qO Pi) + q i (-m R2 4 s 4 c qO 2 R1 2 _ 2 m R2 5 s 4 c qO 2 Ri 
532 5422 4422 552 + 6 m R2 c QO R1 - 2 m R2 s c qO r2 ta - m R2 s c qO r2 ta R1 - 24 m R2 ta s QO r2 

- 36 m R2 5 s 4 c QO 2 r2 + 4 m R2 5 s 4 c QO 2 r2 ta 2 + 3 m R2 4 c 3 QO 2 RI 2 + 12 m R2 5 ta s 3 QO 2 r2 

+ 2 m R2 4 s 4 c QO 2 R1 2 + 4 m R2 5 s 4 c QO 2 Ri + 6 m R2 5 c 3 QO 2 r2 ta 2 

53222 522 43222 + 6 m R2 c QO r2 ta s - 36 m R2 QO s c r2 + 3 m R2 c QO RI s 
+ 6 m R2 5 c 3 QO 2 Ri s 2 + 24 m R2 2 r2 3 c QO 2 ta 2 R1 + 48 m R2 3 r2 3 c QO 2 ta 2 

- 24 m R2 3 r2 2 c QO 2 R1 - 12 m R2 2 r2 2 c Q02 R1 2 - 12 m R2 4 ta s 5 Q02 r2 R1 
432 4422 422 + 6 m R2 ta s QO r2 R1 + 2 m R2 s c QO r2 ta R1 - 18 m R2 QO s c r2 RI 

_ 18 m R2 4 s 4 c QO 2 r2 Ri + 3 m R2 4 c 3 QO 2 r2 ta 2 R1 + 3 m R2 4 c 3 QO 2 r2 ta 2 s 2 R1 
54 54 2 43 2 53 

-2mR2 s cQOqORi-2mR2 s cQOqOr2ta -3mR2 c QORi qO-6mR2 c QORiqO 
55 53 44 2 

- 12 m R2 ta s QO r2 qO + 6 m R2 ta s QO r2 qO - m R2 s c QO qO Ri 
43 22 53 2 53 2 

- 3 m R2 c QO R1 qO s - 6 m R2 c QO R1 qO s - 6 m R2 c QO r2 ta qO 
53 22 22 2 45 

- 6 m R2 c QO r2 ta qO s + 12 m R2 r2 c QO Ri qO - 6 m R2 ta s QO r2 qO R1 
43 44 2 43 2 + 3 m R2 ta s QO r2 qO Ri - m R2 s c QO qO r2 ta R1 - 3 m R2 c QO r2 ta qO R1 
43 22 23 2 33 2 - 3 m R2 c QO r2 ta qO s RI + 12 m R2 r2 c QO ta qO R1 + 24 m R2 r2 c QO ta qO 
32 4422 542 + 24 m R2 r2 c QO R1 qO» sl + qO (-m R2 s c qO R1 - 2 m R2 s c qO R1 
532 5422 4422 552 + 6 m R2 c QO R1 - 2 m R2 s c qO r2 ta - m R2 s c qO r2 ta Ri - 24 m R2 ta s QO r2 

_ 36 m R2 5 s 4 c QO 2 r2 + 4 m R2 5 s 4 c QO 2 r2 ta 2 + 3 m R2 4 c 3 QO 2 R1 2 + 12 m R2 5 ta s 3 QO 2 r2 

+ 2 m R2 4 s 4 c QO 2 R1 2 + 4 m R2 5 s 4 c QO 2 Ri + 6 m R2 5 c 3 QO 2 r2 ta 2 
53222 522 4 3 222 + 6 m R2 c QO r2 ta s - 36 m R2 QO s c r2 + 3 m R2 c QO Ri s 

+ 6 m R2 5 c 3 QO 2 R1 s 2 + 24 m R2 2 r 2 3 c QO 2 ta 2 R1 + 48 m R2 3 r 2 3 c QO 2 ta 2 
322 2222 452 

- 24 m R2 r2 c QO R1 - 12 m R2 r2 c QO R1 - 12 m R2 ta s QO r2 R1 
432 4422 422 

+6mR2 tas QO r2Ri+2mR2 s cQO r2ta Rl-18mR2 QO s cr2R1 
442 4322 43222 - 18 m R2 s c QO r2 R1 + 3 m R2 c QO r2 ta R1 + 3 m R2 c QO r2 ta s Ri 

54 54 2 43 2 53 
-2mR2 s cQOqORi-2mR2 s cQOqOr2ta -3mR2 c QORi qO-6mR2 c QORiqO 

55 53 44 2 
-12mR2 las QOr2qO+6mR2 tas QOr2qO-mR2 s cQOqORi 

_ 3 m R2 4 c 3 QO RI 2 qO s 2 _ 6 m R2 5 c 3 QO R1 qO s 2 - 6 m R2 5 c 3 QO r 2 ta 2 qO 

- 6 m R2 5 c 3 QO r2 ta 2 qO s 2 + 12 m R2 2 r2 2 c QO Ri 2 qO - 6 m R2 4 ta s 5 QO r2 qO R1 
43 44 2 43 2 + 3 m R2 ta s QO r2 qO R1 - 111 R2 s c QO qO r2 ta Ri - 3 m R2 c QO r2 ta qO R1 

- 3 m R2 4 c 3 QO r2 ta 2 qO s2 R1 + 12 m R2 2 r2 3 c QO ta 2 qO R1 + 24 m R2 3 r2 3 c QO ta 2 qO 

+ 24 m R2 3 r2 2 c QO R1 qO) 

[

> DS:=coeff(LHS3,slAS); 

D5 := 2 r2 pl (r2 ta 2 q1 Pl + r2 qi Pl + R2 pl Q1 + 2 r2 pl Q1 + 2 r2 ta 2 pl Q1 - R2 q1 P I)(R1 + 2 R2)4 (2 
pl Qi + q1 Pl) 

> D4:=coeff(LHS3,slA 4 )i 
2 2 

D4 := 2 (r2 (r2 ta q1 Pl + r2 q1 Pl + R2 pl Q1 + 2 r2 pl Q1 + 2 r2 ta pl QI - R2 ql Pl) + r2 pl (2 r2 QI 
? 2 2 + 2 r2 pl QO + 2 r2 ta- Qi + 2 r2 ta pl QO + r2 qO Pl + r2 ql + R2 QI + R2 pl QO + r2 ta qO Pl 

+ r2 ta 2 ql - R2 qO Pl - R2 q1) (Ri + 2 R2)4 (2 pl QI + ql Pl) + 2 r2 pl (r2 ta 2 ql Pl + r2 qi Pi 
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l + R2 pl QI + 2 r2 pl QI + 2 r2 ta
2 
pl QI - R2 ql P I)(RI + 2 R2)4 (2 QI + 2 pl QO + qO Pl + ql) 

> D3:=coeff(LHS3,slA 3 ); 

D3 := 2 (r2 (2 r2 QI + 2 r2 pl QO + 2 r2 ta 2 QI + 2 r2 ta 2 pl QO + r2 qO Pl + r2 ql + R2 QI + R2 pl QO 
2 2 +r2ta qOPI+r2ta ql-R2qOPI-R2ql) 

+ r2 pl (2 r2 QO + r2 ta
2 

qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO»)(RI + 2 R2)4 (2pl QI + ql Pl) + 

2 (r2 (r2 ta
2 

ql Pl + r2 ql Pl + R2 pl QI + 2 r2 pl QI + 2 r2 ta 2 pl QI - R2 ql Pl) + 1'2 pl (21'2 QI 

+ 2 r2 pl QO + 2 r2 ta
2 

QI + 2 r2 ta
2 
pl QO + r2 qO Pl + 1'2 ql + R2 QI + R2 pl QO + r2 ta 2 qO Pl 

+ 1'2 ta
2 

ql - R2 qO Pl - R2 ql» (RI + 2 R2)4 (2 QI + 2 pl QO + qO Pl + ql) + 2 1'2 pl (r2 ta 2 ql Pl 

+ 1'2 ql Pl + R2 pl QI + 2 r2 pl QI + 2 r2 ta 2 pl QI - R2 ql P I)(RI + 2 R2)4 (2 QO + qO) 

> D2:=coeff(LHS3,slA 2 )i 

D2 := 2 r2 (2 r2 QO + 1'2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 1'2 ta 2 QO) (RI + 2 R2)4 (2 pl QI + ql Pl) + 2 

(1'2 (2 r2 QI + 2 r2 pl QO + 2 r2 ta 2 QI + 2 r2 ta 2 pl QO + r2 qO Pl + r2 ql + R2 QI + R2 pl QO 

+ 1'2 ta 2 qO Pl + r2 ta 2 ql - R2 qO PI- R2 ql) 

+ r2 pl (2 r2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO» (RI + 2 R2)4 (2 QI + 2pl QO 

+ qO Pl + ql) + 2 (r2 (r2 ta 2 ql Pl + r2 ql Pl + R2 pl QI + 2 1'2 pl QI + 2 r2 ta 2 pl QI - R2 ql Pl) + 
r2 pl (21'2 QI + 2 1'2 pl QO + 2 r2 ta 2 QI + 2 r2 ta 2 pl QO + r2 qO Pl + 1'2 ql + R2 QI + R2 pl QO 

+ r2 ta 2 qO Pl + r2 ta 2 ql-R2 qO PI-R2 ql» (RI + 2R2)4 (2 QO + qO) 

> Dl:=coeff(LHS3,sl)i 

Dl := 2 r2 (2 r2 QO + r2 ta 2 qO - R2 qO + 1'2 qO + R2 QO + 2 r2 ta 2 QO) (RI + 2 R2)4 (2 QI + 2 pl QO 

+ qO Pl + ql) + 2 (r2 (2 r2 QI + 2 r2 pl QO + 2 r2 ta 2 QI + 21'2 ta 2 pl QO + r2 qO Pl + r2 qI 

+ R2 QI + R2 pl QO + r2 ta 2 qO Pl + r2 ta 2 ql - R2 qO Pl - R2 ql) 

+ r2 pl (2 r2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO» (RI + 2 R2)4 (2 QO + qO) 

[

> DO:=coeff(LHS3,sl,O)i 

DO := 2 r2 (2 r2 QO + r2 ta 2 qO - R2 qO + r2 qO + R2 QO + 2 r2 ta 2 QO) (RI + 2 R2)4 (2 QO + qO) 

> E5:=coeff(epsilon2,slA 5 )i 
5322 44222 5422 

E5 := ql (6 m R2 c pl QI RI - m R2 s c ql Pl RI - 2 m R2 s c ql Pl RI 
54222 44222 5522 - 2 m R2 s c ql Pl r2 ta - m R2 s c ql Pl r2 ta RI - 24 m R2 ta s pl QI r2 
5422 54222 43222 - 36 m R2 s c pl QI r2 + 4 m R2 s c pl QI r2 ta + 3 m R2 c pl QI RI 
5322 44222 5422 + 12 m R2 ta s pl QI r2 + 2 m R2 s c pl QI RI + 4 m R2 s c pl QI RI 
53222 532222 5222 + 6 m R2 c pl QI r2 ta + 6 m R2 c pl QI r2 ta s - 36 m R2 pl QI s c r2 

+ 3 m R2 4 c 3 pl 2 QI 2 RI 2 s 2 + 6 m R2 5 c 3 pl 2 QI 2 RI s 2 + 24 m R2 2 r2 3 cp 1 2 QI 2 ta 2 RI 
33222 3222 22222 + 48 m R2 r2 c pl QI ta - 24 m R2 r2 c pl QI RI - 12 m R2 1'2 c pl QI RI 
4522 4322 44222 - 12 m R2 ta s pl QI r2 RI + 6 m R2 ta s pl QI r2 RI + 2 m R2 s c pl QI r2 ta RI 
4222 4422 43222 - 18 m R2 pl QI s c r2 RI - 18 m R2 s c pl QI r2 RI + 3 m R2 c pl . QI r2 ta RI 
432222 54 + 3 m R2 c pl QI r2 ta s RI - 2 m R2 s c pl QI qi Pl RI 
54 2 43 2 53 - 2 m R2 s c pl QI ql Pl r2 ta - 3 m R2 c pl QI RI q I Pl - 6 m R2 c pl QI RI ql Pl 
55 53 44 2 -12mR2 tas pl QI r2ql PI+6mR2 tas pl QI r2qI PI-mR2 s cpl QI ql Pl RI 

43 2 2 53 2 53 2 - 3 m R2 c pl QI RI qi PIs - 6 m R2 c pl QI RI qi PIs - 6 m R2 c pl QI r2 ta qi Pl 
53 2 2 22 2 

- 6 m R2 c pl QI r2 ta qi PIs + 12 m R2 r2 c pl QI RI qi Pl 
. 4 5 4 3 - 6 m R2 ta s pl QI r2 qi Pl RI + 3 m R2 ta s pl QI r2 ql Pl RI 
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l 
4 4 2 4 3 2 - m R2 s c pl Q1 q1 Pl r2 ta R1 - 3 m R2 c pl QI r2 ta q1 Pl RI 
43 2 2 23 2 -3mR2 c p1Qlr2ta qIPIs Rl+12mR2 r2 cp1Q1ta qIPlRl 

3 3 2 3 2 + 24 m R2 r2 c pl Q1 ta q1 Pl + 24 m R2 r2 c pl Q1 RI ql P 1) 

> E4:=coeff(epsilon2,slÂ 4 )i 

5322 44222 5422 E4 := qO (6 m R2 c pl Q1 RI - m R2 s c ql Pl RI - 2 m R2 s c q1 Pl RI 
54222 44222 5522 - 2 m R2 s c ql Pl r2 ta - m R2 s c ql Pl r2 ta RI - 24 m R2 ta s pl Q1 r2 

- 36 m R2 5 s 4 c p1 2 Q12 r2 + 4 m R2 5 s4 c p12 Q12 r2 ta 2 + 3 m R2 4 c 3 p1 2 Q1 2 R1 2 
5322 44222 5422 + 12 nI R2 ta s pl Q1 r2 + 2 nI R2 s c pl QI RI + 4 m R2 s c pl QI RI 
53222 532222 5222 + 6 m R2 c pl Q1 r2 ta + 6 m R2 c pl QI r2 ta s - 36 m R2 pl QI s c r2 

+ 3 m R2 4 c 3 pl 2 QI 2 RI 2 s 2 + 6 m R2 5 c 3 pl 2 QI 2 RI s 2 + 24 m R2 2 r 2 3 cp 1 2 QI 2 ta 2 R1 
33222 3222 22222 + 48 m R2 r2 c pl QI la - 24 m R2 r2 c pl Q1 R1 - 12 fil R2 r2 c pl Q1 R1 
4522 4322 44222 - 12 fil R2 ta s pl Q1 r2 R1 + 6 fil R2 ta s pl QI r2 RI + 2 fil R2 s c pl Q1 r2 ta R1 
4222 4422 43222 - 18 fil R2 pl QI s c r2 R1 - 18 fil R2 s c pl QI r2 R1 + 3 fil R2 c pl QI r2 ta RI 
432222 54 + 3 fil R2 c pl QI r2 ta s RI - 2 fil R2 s c pl QI q1 Pl R1 
54 2 43 2 53 - 2 fil R2 s c pl Q1 q1 Pl r2 ta - 3 m R2 c pl QI RI q1 Pl - 6 m R2 c pl QI RI ql Pl 
55 53 44 2 -12mR2 tas plQlr2qIP1+6f1lR2 tas p1Qlr2qlP1-mR2 s cplQlqlPIRl 

43 2 2 53 2 53 2 - 3 m R2 c pl QI RI ql Pl s - 6 m R2 c pl Q1 RI q1 Pl s - 6 m R2 c pl QI r2 ta ql Pl 
53 2 2 22 2 -6mR2 c pl Qlr2ta qlPls +12mR2 r2 cp1Q1Rl q1Pl 
4 5 4 3 - 6 m R2 ta s pl Q1 r2 ql Pl R1 + 3 m R2 ta s pl QI r2 q1 Pl R1 

4 4 2 4 3 2 - m R2 s c pl QI ql Pl 1'2 la RI - 3 m R2 c pl Q1 r2 ta q1 Pl R1 
43 2 2 23·2 - 3 m R2 c pl QI r2 ta ql Pl s R1 + 12 m R2 r2 c pl Q1 ta ql Pl RI 

3 3 2 3 2 +24mR2 1'2 cp1 Q1 ta q1 Pl+24mR2 r2 cp1 QI R1 ql P1)+ql ( 
43 43 2 43 2 -3 «(m R2 c Q1 + m R2 c pl QO) r2 ta ql + m R2 c pl QI r2 ta qO) Pl 

43 22 45 2 452 + m R2 c pl QI r2 ta q1) s RI - 12 (2 m R2 ta s pl QI + 2 m R2 ta s pl QO Qi) r2 RI 
54 2 542 2 - 2 (2 m R2 s c qO ql Pl + 2 m R2 s c ql Pl) r2 ta 
54 2 542 2 + 4 (2 m R2 s c pl Q1 + 2 m R2 s c pl QO Qi) r2 ta 

+ 3 (2 m R2 4 c 3 pl Q1 2 + 2 m R2 4 c 3 p1 2 QO Qi) R1 2 s 2 

+ 6 (2 m R2 5 c 3 pl Q 1 2 + 2 m R2 5 c 3 pl 2 QO Qi) R1 s 2 
53 53 2 53 2 54 - 6 «(m R2 c QI + m R2 c pl QO) r2 ta q1 + m R2 c pl Q1 r2 ta qO) Pl - 2 «((m R2 s c QI 

54· 54 54 2 +mR2 s cplQO)q1+mR2 s cp1Q1qO)Pl+mR2 s cp1Q1q1)r2ta 
23 2 232 2 + 24 (2 m R2 r2 c pl Q1 + 2 m R2 r2 c pl QO Qi) ta RI 
43 2 432 . + 6 (2 m R2 ta s pl QI + 2 m R2 ta s pl QO QI) r2 RI 

44 2 442 2 - (2 m R2 s c qO q1 Pl + 2 m R2 s c q1 Pl) r2 ta R1 
44 2 442 2 - (2 m R2 s c qO q1 Pl + 2 m R2 s c ql Pl) R1 

5 4 2 5 4 2 - 2 (2 111 R2 s c qO q1 Pl + 2 m R2 s c q1 Pl) RI 

+ 6 (2 m R2 5 c 3 pl Ql2 + 2 m R2 5 c 3 p1 2 QO Qi) R1 
5 5 2 5 5 2 - 24 (2 m R2 ta s pl Q1 + 2 m R2 ta s pl QO QI) r2 

+ 3 (2 m R2 4 c 3 pl QI 2 + 2 m R2 4 c 3 p1 2 QO Qi) R1 2 

5 3 2 5 3 2 + 12 (2 m R2 ta s pl Q1 + 2 m R2 ta s pl QO Q1) r2 

+ 2 (2 m R2 4 s 4 c pl QI 2 + 2 111 R2 4 s 4 c p1 2 QO Q1) R1 2 
5 4 2 5 4 2 + 4 (2 m R2 s c pl QI + 2 111 R2 s c pl QO Qi) RI 
53 2 532 2 + 6 (2 m R2 c pl Q1 + 2 111 R2 c pl QO Qi) r2 ta 
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+ 6 (2 m R2 5 c 3 pl Ql2 + 2 m R2 5 c 3 pl2 QO Qi) r2 ta 2 s2 
5 2 5 2 2 - 36 (2 m R2 pl Ql + 2 III R2 pl QO Qi) s c r2 
5 2 5 2 4 - 36 (2 m R2 pl Q1 + 2 m R2 pl QO Qi) s c r2 
44 2 442 2 + 2 (2 m R2 s c pl Q1 + 2 m R2 s c pl QO Qi) r2 ta Rl 

+ 48 (2 m R2 3 r2 3 c pl Ql 2 + 2 m R2 3 r2 3 c p1 2 QO QI) ta 2 

- 24 (2 m R2 3 r2 2 c pl Ql2 + 2 m R2 3 r2 2 c p1 2 QO Qi) R1 

- 12 (2 m R2 2 r2 2 c pl Ql2 + 2 m R2 2 r2 2 c pl2 QO Q1) Rl 2 

4 2 4 2 2 - 18 (2 m R2 pl Ql + 2 m R2 pl QO Qi) s c r2 RI 

- 18 (2 m R2 4 pl QI 2 + 2 m R2 4 pI 2 QO Qi) s4 c r2 RI 
43 2 432 2 44 44 + 3 (2 m R2 c pl QI + 2 m R2 c pl QO Qi) r2 ta RI - (((m R2 s c Ql + m R2 s c pl QO 

4 4 4 4 2 ) qi + m R2 s c pl QI qO) Pl + m R2 s c pl QI qI) r2 ta RI 
54 54 54 54 - 2 «(m R2 s c Q1 + m R2 s c pl QO) q1 + m R2 s c pl Q1 qO) Pl + m R2 s c pl QI qI) R1 

·43 43 2 43 2 
- 3 «m R2 c Ql + m R2 c pl QO) R1 q1 + m R2 c pl Ql RI qO) Pl 

43 2 432 22 43 2 + 3 (2 m R2 c pl Ql + 2 m R2 c pl QO Qi) r2 ta s Rl - 3 m R2 c pl Ql R1 ql 
5 3 5 3 5 3 - 6 «m R2 c Ql + m R2 c pl QO) R1 ql + m R2 c pl Ql R1 qO) Pl 

5 5 5 5 5 5 
- 12 «m R2 ta s Q1 + m R2 ta s pl QO) r2 qi + m R2 ta s pl QI r2 qO) Pl 

5 3 5 3 5 3 +6«mR2 tas QI+mR2 tas pIQO)r2qI+mR2 tas plQ1r2qO)PI 
. 53 55 53 

- 6 m R2 c pl Ql RI qi - 12 m R2 ta s pl QI r2 ql + 6 m R2 ta s pl Q1 r2 ql 
·44 44 44 44 2 - «(m R2 s c QI + m R2 s c pl QO) q1 + m R2 s c pl QI qO) Pl + m R2 s c pl QI qI) Rl -

. 43 43 2 43 2 
3«(mR2 c Ql+mR2 c p1QO)R1 ql+mR2 c plQ1RI qO)Pl 

4 3 2 2 + m R2 c pl Q1 R1 qI) s 
53 53· 53 53 -6«(mR2 c Q1+mR2 c plQO)R1q1+mR2 c p1Q1R1qO)P1+mR2 c pl QlRlqI) 

s2 _ 6 111 R2 5 c 3 pl Ql r2 ta 2 q1- 6 «(m R2 5 c 3 Q1 + m R2 5 c 3 pl QO) r2 ta 2 q1 
53 2 53 22 +mR2 c pl QI r2ta qO)PI+111R2 c p1Qlr2ta ql)s 

22 22 2 22 2 4 + 12 «m R2 r2 c QI + 111 R2 r2 c pl QO) RI qi + 111 R2 r2 c pl QI RI qO) Pl - 6 «(m R2 
5 45 45 45 tas QI+mR2 tas pIQO)r2qI+mR2 tas pIQlr2qO)PI+mR2 tas pIQlr2q1)RI 

22 2 43 43 + 12 m R2 r2 c pl QI RI qi + 3 «(m R2 ta s Ql + m R2 ta s pl QO) r2 qi 
43 . 43 . 43 43 + 111 R2 ta s pl QI r2 qO) Pl + m R2 ta s pl QI r2 qI) RI - 3 «(m R2 c QI + m R2 c pl QO) 

2 43 2· 43 2· 23 r2 ta qi + 111 R2 c pl QI r2 ta qO) Pl + m R2 c pl QI r2 ta qI) RI + 12 «(m R2 r2 c QI 
23 2 23 2 23 2 + m R2 r2 c pl QO) ta qi + 111 R2 r2 c pl QI ta qO) Pl + m R2 r2 c pl QI ta qI) Rl 

+24 «mR2 3 r2 3 cQl +mR2 3 r2 3 cpi QO)ta 2 ql +mR2 3 r2 3 cpi Ql ta 2 qO)PI 
3 3 2 + 24 111 R2 r2 c pl Q1 ta q1 

+ 24 «m R2 3 r2 2 c Q1 + m R2 3 r2 2 cp1 QO) R1 q1 + 111 R2 3 r2 2 cp1 Q1 Ri qO) Pl 
3 2 +24111R2 r2 cp1 Q1 R1 ql) 

> E3:=coeff(epsilon2,slÀ 3 )i 

E3:= qO ( 
-3 «(m R2 4 c 3 Q1 + m R2 4 c 3 pi QO) r2 ta 2 qi + m R2

4 c 3 pl Ql r2 ta
2 

qO) Pi 

+ 111 R2 4 c 3 pl Q1 r2 ta 2 qI) fi 2 R1 - 12 (2 m R2 4 ta s 5 pl QI 2 + 2 m R2 4 ta s 5 p1 2 QO Qi) r2 RI 
54 2 542 2 - 2 (2 111 R2 s c qO q1 Pl + 2 m R2 s c q1 Pl) r2 ta 

+ 4 (2 m R2 5 s4 cp1 Q1 2 + 2 m R2 5 s4 cp1 2 QO Q1) r2 ta 2 

+ 3 (2 111 R2 4 c 3 P 1 Qi 2 + 2 111 R2 4 c 3 pl 2 QO Qi) R1 2 s 2 

+ 6 (2 111 R2 5 c 3 pl Qi 2 + 2 m R2 5 c 3 p1 2 QO Qi) R1 s 2 
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- 6 «11'1 R2
5 

c
3 

QI + 11'1 R2
5 

c
3 
pl QO) r2 ta

2 
ql + 11'1 R2 5 c 3 pl QI r2 ta 2 qO) PI- 2 «(11'1 R2 5 

8
4 c QI 

54 . 54 54 2 + 11'1 R2 s c pl QO) ql + 11'1 R2 s c pl QI qO) Pl + 11'1 R2 s c pl QI q1) r2 ta 

+24(2mR22r23cpIQI2+2mR22r23cpI2 QOQi)ta 2 RI 
4 3 2 4 3 2 + 6 (2 11'1 R2 ta 8 pl QI + 2 III R2 ta 8 pl QO QI) r2 Rl 

44 2 442 2 -(2mR2 s cqOqlPl +2mR2 8 cql Pl)r2ta RI 
44 2 442 2 -(2mR2 s cqOql Pl +2mR2 s cql Pl)Rl 

5 4 2 5 4 2 - 2 (2 11'1 R2 s c qO q 1 Pl + 2 ln R2 s c q 1 Pl) RI 

+6(2mR2 5 c 3 pl Ql2 +2mR2 5 c 3 pl2 QOQi)RI 
5 5 2 5 5 2 - 24 (2 11'1 R2 ta s pl Ql + 2 11'1 R2 ta s pl QO Qi) r2 

+ 3 (2 m R2 4 c 3 pl Q1 2 + 2 11'1 R2 4 c 3 pl2 QO Ql) Rl 2 

5 3 2 5 3 2 + 12 (2 m R2 ta s pl QI + 2 11'1 R2 ta s pl QO QI) r2 
44 2 442 2 + 2 (2 m R2 s c pl QI + 2 11'1 R2 8 c pl QO QI) Rl 
5 4 2 5 4 2 + 4 (2 11'1 R2 s c pl QI + 2 m R2 s c pl QO QI) Rl 
53 2 532 2 + 6 (2 m R2 c pl QI + 2 m R2 c pl QO Qi) r2 ta 
53 2 532 22 + 6 (2 m R2 c pl QI + 2 m R2 c pl QO Qi) r2 ta s 
5 2 5 2 2 - 36 (2 m R2 pl QI + 2 m R2 pl QO Qi) s c r2 

. 5 2 5 2 4 
- 36 (2 m R2 pl QI + 2 11'1 R2 pl QO Ql) s c r2 

44 2 442 2 + 2 (2 11'1 R2 s c pl QI + 2 m R2 s c pl QO Qi) r2 ta RI 
33 2 332 2 + 48 (2 11'1 R2 r2 c pl QI + 2 m R2 r2 c pl QO Qi) ta 

- 24 (2 m R2 3 r2 2 c pl Ql2 + 2 m R2 3 r2 2 c p1 2 QO QI) RI 
22 2 222 2 - 12 (2 m R2 r2 c pl QI + 2 m R2 r2 c pl QO Qi) RI 
4 2 4 2 2 - 18 (2 11'1 R2 pl Ql + 2 11'1 R2 pl QO Qi) s c r2 RI 
4 2 4 2 4 - 18 (2 m R2 pl QI + 2 ln R2 pl QO QI) s c r2 RI 
43 2 432 2 44 44 + 3 (2 m R2 c pl QI + 2 m R2 c pl QO Ql) r2 ta RI - «(11'1 R2 s c Ql + 11'1 R2 s c pl QO 

4 4 4 4 2 )ql+mR2 s cpIQlqO)Pl+mR2 s cplQlql)r2ta RI 
54 54 54 54 -2«(mR2 s cQl+mR2 s cpIQO)ql+mR2 s cplQlqO)PI+mR2 s cplQlql)RI 
43 43 2 43 2 - 3 «11'1 R2 c QI + 11'1 R2 c pl QO) Rl ql + m R2 c pl Ql Rl qO) Pl 

+3 (2mR2 4 c 3 pl Ql2 +2mR24c3 pl2 QO Qi) r2 ta 2 ..,2 Rl-3mR24c3 pl Ql Rl 2 ql 
5 3 5 3 5 3 - 6 «11'1 R2 c Ql + m R2 c pl QO) RI ql + 11'1 R2 c pl QI RI qO) Pl 

- 12 «11'1 R2 5 ta s 5 Ql + m R2 5 ta s 5 pl QO) r2 ql + m R2 5 ta s 5 pl QI r2 qO) Pl 
5 3 5 3 5 3 +6«mR2 tas Ql+mR2 tas pl QO)r2ql+mR2 tas plQlr2qO)Pl 

53 55 53· - 6 m R2 c pl Ql Rl ql - 12 m R2 ta s pl QI r2 ql + 6 m R2 ta s pl QI r2 ql 
44 44 44· 44· 2 - «(m R2 s c QI + m R2 s c pl QO) ql + m R2 s c pl QI qO) Pl + m R2 s c pl QI ql) Rl -
43 43 2 43·2 3«(mR2 c Ql+mR2 c pl QO)Rl ql+mR2 c plQlRl qO)PI 

4 3 2 2 + 11'1 R2 c p l QI Rl q 1) s 

- 6 «(m R2 5 c 3 QI + 11'1 R2 5 c 3 pl QO) RI ql + m R2 5 c 3 pl QI RI qO) Pl + m R2 5 c 3 pl QI RI ql) 
2 53 2 53 53 2 s - 6 m R2 c pl QI r2 ta ql - 6 «(m R2 c QI + m R2 c pl QO) r2 ta ql 

53 2 53 22 + 11'1 R2 c pl QI r2 ta qO) Pl + 11'1 R2 c pl QI r2 ta q1) s 

+ 12 «m R2 2 r2 2 c QI + m R2 2 r2 2 c pl QO) Rl 2 ql + m R2 2 r2 2 c pl QI Rl 2 qO) Pl - 6 «(m R2 4 

5 45 45 45 tas QI+mR2 tas pIQO)r2ql+mR2 tas pIQlr2qO)PI+mR2 tas plQlr2ql)RI 
22 2 43 43 +12mR2 r2 cplQIRI ql+3«(mR2 tas QI+mR2 tas plQO)r2ql 

43 43 43 43 
+ m R2 ta s pl QI r2 qO) Pl + m R2 ta s pl QI r2 ql) RI - 3 «(m R2 c QI + m R2 c pl QO) 
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2 43 2 43. 2 2 ~ 
r2ta ql+mR2 c pl QI r2ta qO)PI+mR2 c pIQIr2ta ql)RI+12«(mR2 r2;)cQI 

23 2 23 2 23 - 2 +mR2 r2 cplQO)ta ql+mR2 r2 cplQlta qO)Pl+mR2 r2 cplQlta ql)RI 
33 33 2 33 2 +24«mR2 r2 cQI+mR2 r2 cpIQO)ta ql+mR2 r2 cpIQIta qO)PI 

3 3 2 + 24 m R2 r2 c pl QI ta qi 
3 2 3 2 3 2 + 24 «m R2 r2 c QI + m R2 r2 c pl QO) RI qi + m R2' r2 c pl QI RI qO) Pl 

3 2 + 24 m R2 r2 c pl QI RI qI) + qi ( 
5 4 5 4 5 4 -2 «m R2 s c QO qi + (m R2 s c QI + m R2 s c pl QO) qO) Pl 

54 54 54 2 + (m R2 s c Ql + m R2 s c pl QO) qi + m R2 s c pl QI qO) r2 ta 
55 55 33 33·2 - 12 (m R2 ta s QI + m R2 ta s pl QO) r2 qi + 24 (m R2 r2 c QI + m R2 r2 c pl QO) ta qi 
232 23 23222 + 24 (m R2 r2 c QI + 4 m R2 r2 c pl QO QI + m R2 r2 c pl QO) ta RI 
542 54 5422 2 + 4 (m R2 s c Ql + 4 m R2 s c pl QO QI + m R2 s c pl QO ) r2 ta 
5 3 5 3 +6(mR2 tas QI+mR2 tas pl QO)r2qI 
532 53 5322 2 + 6 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO ) r2 ta 
432 43 432222 43 2 + 3 (m R2 c QI + 4 m R2 c pl QO Ql + fil R2 c pl QO ) RI s - 3 «m R2 c QO r2 ta 
43 43 2 43 43 2 ql + (m R2 c QI + m R2 c pl QO) r2 ta qO) Pl + (m R2 c QI + m R2 c pl QO) r2 ta qi 

43 22 53 53 + m R2 c pl QI r2 ta qO) s RI - 6 (m R2 c QI + m R2 c pl QO) RI qi 
22 22 2 43 43 2 + 12 (m R2 r2 c QI + m R2 r2 c pl QO) RI ql - 3 (m R2 c QI + m R2 c pl QO) RI ql 
532 53 5322 2 + 6 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO ) RI s 

3 2 3 2 + 24 (m R2 1'2 c Qi + m R2 r2 c pl QO) Rl ql 
53 2 53 53 2 -6(mR2 c QOr2ta qI+(mR2 c QI+mR2 c pl QO)r2ta qO)PI 
5422 54 542 2 -2(mR2 s cqO Pl +4mR2 s cqOqIPI+mR2 s cqI )r2ta 

4422 44 442 2 - (m R2 s c qO Pl + 4 m R2 s c qO qi Pl + m R2 s c qi ) r2 ta RI 
4422 44 4422 - (m R2 8 c qO Pl + 4 m R2 s c qO qi Pl + m R2 s c ql ) RI 
5422 54 542 -2(mR2 s cqO Pl +4mR2 s cqOqi Pl +mR2 s cqI )Rl 
532 53 5322 + 6 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO ) Ri 
552 55 5522 

- 24 (m R2 ta 8 Qi + 4 m R2 ta s pl QO QI + m R2 ta s pl QO ) r2 

+3(mR24c3QI2+4mR24c3pIQOQI +mR2 4 c 3pI 2 Q02)RI2 
532 53 5322 + 12 (m R2 ta 8 QI + 4 m R2 ta s pl QO QI + m R2 ta s pl QO) r2 
442 44 44222 +2(mR2 8 cQI +4mR2 s cpl QOQI +mR2 s cpi QO )RI 

+4(mR2 5 8 4 cQI 2 +4mR2 5 s4 cpi QOQI +mR2 5 s4 cpI 2 Q02)RI 
532 53 5322 22 + 6 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO ) r2 ta s 
52 5 5222 - 36 (m R2 QI + 4 m R2 pl QO QI + m R2 pl QO ) s c r2 
52 5 5224 - 36 (m R2 QI + 4 m R2 pl QO QI + m R2 pl QO ) s c r2 
442 44 4422 2 + 2 (m R2 s c QI + 4 m R2 s c pl QO QI + m R2 s c pl QO ) r2 ta RI 
332 33 33222 + 48 (m R2 r2 c Ql + 4 m R2 r2 c pl QO QI + m R2 r2 c pl QO) ta 

_ 24 (m R2 3 r2 2 c Ql 2 + 4 m R2 3 r2 2 c pl QO QI + m R2 3 r2 2 c pI 2 QO 2) RI 

_ 12 (m R2 2 r2 2 c QI 2 + 4 m R2 2 r2 2 c pl QO QI + m R2 2 r2 2 c pI 2 QO 2) RI 2 

452 45 4522 - 12 (m R2 ta 8 QI + 4 m R2 ta s pl QO QI + m R2 ta s pl QO) r2 RI 
432 43 4322 + 6 (m R2 ta s QI + 4 m R2 ta s pl QO QI + m R2 ta s pl QO) r2 Rl 
42 4 4222 - 18 (m R2 QI + 4 m R2 pl QO Ql + m R2 pl QO ) s c r2 RI 
42 4 4224 - 18 (m R2 QI + 4 m R2 pl QO QI + m R2 pl QO ) s c 1'2 RI 
432 43 4322 2 + 3 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO ) r2 ta RI 
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53 53·2 44 - 6 (m R2 c QI + m R2 c pl QO) r2 ta ql - «m R2 s c QO ql 
44 44 44 44 +(mR2 s cQI+mR2 s cpIQO)qO)PI+(mR2 s cQI+mR2 s cplQO)ql 
44 2· 54 54 54 +mR2 s cplQlqO)r2ta RI-2((mR2 s cQOql+(mR2 s cQI+mR2 s cpIQO)qO) 

·54 54 54 PI+(mR2 s cQI +mR2 s cpl QO)ql +mR2 s cpl QI qO)RI 
43 2 43 43 2 -3(mR2 c QORI ql+(mR2 c QI+mR2 c pIQO)RI qO)PI 

+ 3 (m R2 4 c 3 QI 2 + 4 m R2 4 c 3 pl QO QI + m R2 4 c 3 pl 2 QO 2) r 2 ta 2 s 2 RI 

- 3 m R2
4 

c
3 

pl QI Rl
2 

qO - 6 (m R2
5 c 3 

QORI ql + (m R2 5 c 3 QI + m R2 5 c 3 pl QO)RI qO)PI 
5 5 5 5 5 5 - 12 (m R2 ta s QO r2 ql + (m R2 ta s QI + m R2 ta s pl QO) r2 qO) Pl 

5 3 5 3 5 3 +6(mR2 tas QOr2ql+(mR2 tas QI+mR2 tas plQO)r2qO)Pl 
53 55 53 44 - 6 m R2 c pl QI RI qO - 12 III R2 ta s pl QI r2 qO + 6 m R2 ta s pl QI r2 qO - «(m R2 s c 

44 44 44 44 
QOql+(mR2 s cQI+mR2 s cpIQO)qO)PI+(mR2 s cQI+mR2 s cplQO)ql 

44 ·2 43 2 43 43 2 + m R2 s c pl QI qO) RI - 3 ((m R2 c QO RI ql + (m R2 c QI + m R2 c pl QO) RI qO) 
43 43·2 43 22 53 Pl + (m R2 c QI + m R2 c pl QO) RI ql + m R2 c pl QI RI qO) s - 6 (m R2 c QO RI 
53 53 53 53 ql+(mR2 c QI+mR2 c pl QO)RlqO)PI+(mR2 c QI+mR2 c pl QO)RlqI 

53 2 53 2 53 2 
+ m R2 c pl Ql RI qO) s - 6 m R2 c pl Ql r2 ta qO - 6 «m R2 c QO r2 ta ql 

53 53 2 53 53 2 + (m R2 c QI + m R2 c pl QO) r2 ta qO) Pl + (m R2 c QI + m R2 c pl QO) r2 ta ql 
5 3 2 2 + m R2 c pl QI r2 ta qO) s 

+ 12 (m R2 2 r2 2 c QO Rl 2 ql + (m R2 2 r2 2 c QI + m R2 2 r2 2 cpl QO) Rl 2 qO) PI- 6 «(m R2 4 tas 5 
4 5 4 5 QO r2 ql + (m R2 ta s QI + m R2 ta s pl QO) r2 qO) Pl 

4 5 4 5 4 5 +(mR2 tas QI+mR2 tas pIQO)r2qI+mR2 tas plQlr2qO)RI 

+ 12 m R2 2 r2 2 c pl QI Rl 2 qO + 3 «(m R2 4 ta s 3 QO r2 q l 
43 43 43 43 + (m R2 ta s QI + m R2 ta s pl QO) r2 qO) Pl + (m R2 ta s QI + m R2 ta s pl QO) r2 ql 

4 3 4 3 2 + m R2 ta s pl QI 1'2 qO) RI - 3 «(m R2 c QO r2 ta ql 
43 43· 2 43 43 2 + (m R2 c QI + m R2 c pl QO) r2 ta qO) Pl + (m R2 c QI + m R2 c pl QO) r2 ta ql 

+ m R2 4 c 3 pl QI r2 ta 2 qO) RI + 12 «m R2 2 r2 3 c QO ta
2 

ql 
23 23 2 23 23 2 + (m R2 1'2 c QI + m R2 r2 c pl QO) ta qO) Pl + (m R2 1'2 c QI + m R2 r2 c pl QO) ta ql 

2 3 2 + m R2 r2 c pl QI ta qO) RI 
33 2 33 33 2· + 24 (m R2 r2 c QO ta ql + (m R2 r2 c QI + m R2 r2 c pl QO) ta qO) Pl 

3 3 2 + 24 m R2 r2 c pl QI ta qO 
3 2 3 2 3 2 + 24 (m R2 r2 c QO RI ql + (m R2 r2 c QI + m R2 r2 c pl QO) RI qO) Pl 

+ 24 m R2 3 r2 2 cpl QI RI qO) 

> E2:=coeff(epsilon2,slA 2 ); 
E2:= qO ( 

5 4 5 4 5 4 -2 «m R2 s c QO ql + (m R2 s c QI + m R2 s c pl QO) qO) Pl 
54 54 54 - 2 + (m R2 s c QI + m R2 s c pl QO) ql + m R2 s c pl QI qO) r2 ta 
55 55· 33 33 2 - 12 (m R2 ta s QI + m R2 ta s pl QO) r2 ql + 24 (m R2 r2 c QI + m R2 r2 c pl QO) ta ql 
232 23 23222 + 24 (m R2 r2 c QI + 4 m R2 1'2 c pl QO QI + m R2 r2 c pl QO) ta RI 
542 54 5422 2 + 4 (m R2 s c QI + 4 m R2 s c pl QO QI + m R2 s c pl QO ) 1'2 ta 

+ 6 (m R2 5 tas 3 QI + m R2 5 tas 3 pl QO) r2 ql 
532 53 5322 2 + 6 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO ) r2 ta 
432 43 432222 43 2 + 3 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO ) RI s - 3 «(m R2 c QO r2 ta 
43 43 2 43 43 2 ql + (m R2 c QI + m R2 c pl QO) r2 ta qO) Pl + (m R2 c QI + m R2 c pl QO) r2 ta ql 
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43 22 53 53 
+ m R2 c pl QI r2 ta qO) s RI - 6 (m R2 c QI + m R2 c pl QO) RI ql 

+ 12 (m R2 2 r 2 2 c QI + m R2 2 r 2 2 cp 1 QO) RI 2 q 1 _ 3 (m R2 4 c 3 QI + m R2 4 c 3 pl QO) RI 2 q I 
+ 6 (m R2 5 c 3 Ql2 + 4 m R2 5 c 3 pl QO QI + m R2 5 c 3 pl2 Q02) RI s2 

3 2 3 2 +24(mR2 r2 cQI +mR2 r2 cpl QO)RI ql 
53 2 53 53 - 2 - 6 (m R2 c QO r2 ta ql + (m R2 c QI + m R2 c pl QO) r2 ta qO) Pl 
5422 54 542 2 - 2 (m R2 s c qO Pl + 4 m R2 s c qO ql Pl + m R2 s c ql ) r2 ta 

4422 44 442 2 -(mR2 s cqO Pl +4mR2 s cqOq1PI+mR2 s cqI )r2ta RI 
·4422 44 4422 -(mR2 s cqO Pl +4mR2 s cqOql Pl +mR2 s cql )RI 

5422 54 542 -2(mR2 s cqO Pl +4mR2 s cqOq1PI+mR2 s cql )RI 
532 53 5322 + 6 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO ) RI 
552 55 5522 

- 24 (m R2 ta s QI + 4 m R2 ta s pl QO QI + m R2 ta s pl QO ) r2 

+ 3 (m R2 4 c 3 QI 2 + 4 m R2 4 c 3 pl QO QI + m R2 4 c 3 pl 2 QO 2) Rl 2 
·532 53 5322 + 12 (m R2 ta s QI + 4 m R2 ta s pl QO QI + m R2 ta s pl QO) r2 

442 44 44222 + 2 (m R2 s c QI + 4 m R2 s c pl QO QI + m R2 s c pl QO ) RI 

+ 4 (m R2 5 s 4 c QI 2 + 4 m R2 5 s 4 cp 1 QO QI + m R2 5 s 4 cp 1 2 QO 2) RI 
532 53 5322 22 + 6 (m R2 c QI + 4 m R2 c pl QO QI + m R2 c pl QO) r2 ta s 
52 5 5222 - 36 (m R2 QI + 4 m R2 pl QO QI + m R2 pl QO ) s c r2 
52 5 5224 

- 36 (m R2 QI + 4 m R2 pl QO QI + m R2 pl QO ) s c r2 
442 44 . 4422 2 

+2(mR2 s cQI +4mR2 s cpIQOQI+mR2 s cpl QO )r2ta Ri 

+ 48 (m R2 3 r2 3 c Ql2 + 4 m R2 3 r2 3 c pi QO QI + m R2 3 1'2 3 c pI 2 QO 2) ta 2 
322 32 3222 - 24 (m R2 r2 c QI + 4 m R2 r2 c pi QO QI + m R2 r2 c pl QO ) Ri 

·222 22 22222 
- 12 (m R2 r2 c QI + 4 m R2 r2 c pl QO Qi + m R2 r2 c pi QO) Ri 

452 45 4522 - 12 (m R2 ta s QI + 4 m R2 ta s pi QO QI + m R2 ta s pl QO) r2 RI 
432 43 4322 + 6 (m R2 ta s QI + 4 m R2 ta s pl QO QI + m R2 ta s pi QO) r2 RI 
42 4 4222 - 18 (m R2 Qi + 4 m R2 pl QO QI + m R2 pi QO ) s c r2 RI 
42 4 4224 - 18 (m R2 QI + 4 m R2 pl QO Qi + m R2 pl QO ) s c r2 Ri 
432 43 4322 2 + 3 (m R2 c QI + 4 m R2 c pi QO QI + m R2 c pi QO ) r2 ta RI 
53 53 2 44 - 6 (m R2 c QI + m R2 c pl QO) r2 ta qi - «m R2 s c QO qi 

44 44 44 44 + (m R2 s c QI + m R2 s c pl QO) qO) Pi + (m R2 s c QI + m R2 s c pi QO) qi 
44 2 54 ·54 54 + m R2 s c pl QI qO) r2 ta RI - 2 «m R2 s c QO qi + (m R2 s c Qi + m R2 s c pi QO) qO) 

·54 54 54 Pi + (m R2 s c QI + m R2 s c pi QO) ql + m R2 s c pl Qi qO) Ri 
43 2 43 43 2 -3(mR2 c QORI ql+(mR2 c QI+mR2 c pl QO)RI qO)PI 

+ 3 (m R2 4 c 3 QI 2 + 4 m R2 4 c 3 pl QO QI + m R2 4 c 3 pi 2 QO 2) r 2 ta 2 s 2 RI 

- 3 m R2 4 c 3 pl Qi Ri 2 qO - 6 (m R2 5 c 3 QO Ri q I + (m R2 5 c 3 QI + m R2 5 c 3 pl QO) Ri qO) Pl 
- 12 (m R2 5 ta s 5 QO r2 qi + (m R2 5 ta s 5 QI + m R2 5 ta s 5 pl QO) r2 qO) Pl 

5 3 5 3 5 3 +6(mR2 tas QOr2qI+(mR2 tas QI+mR2 tas pl QO)r2qO)PI 
53 55 53 44 - 6 m R2 c pl QI RI qO - 12 m R2 ta s pl QI r2 qO + 6 m R2 ta s pl QI r2 qO - «m R2 s c 

44 44 44 44 QO qi + (m R2 s c QI + m R2 s c pl QO) qO) Pl + (m R2 s c QI + m R2 s c pl QO) qi 
44 2·43 2 43 43 2 

+ m R2 s c pl Ql qO) RI - 3 «m R2 c QO RI qi + (m R2 c Qi + m R2 c pl QO) RI qO) 
43 43 2 43 22 53 Pl + (m R2 c QI + m R2 c pl QO) RI qi + m R2 c pl QI Ri qO) s - 6 «m R2 c QO RI 

qi + (m R2 5 c 3 QI + m R2 5 c 3 pl QO) RI qO) Pl + (m R2 5 c 3 QI + m R2 5 c 3 pl QO) RI ql 
53 2 53 2 53 2 

+ m R2 c pl Ql RI qO) s - 6 m R2 c pl QI r2 ta qO - 6 «m R2 c QO r2 ta ql 
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53 53 2 53 53 2 + (m R2 c Ql + m R2 c pl QO) r2 ta qO) Pl + (m R2 c Ql + m R2 c pl QO) r2 ta ql 
5 3 2 2 + m R2 c pl Ql r2 ta qO) s 

+ 12 (m R2 2 r2 2 c QO Rl 2 ql + (m R2 2 r2 2 c Ql + m R2 2 r2 2 c pl QO) Rl 2 qO) Pl _ 6 «m R2 4 ta s 5 
4 5 4 5 QO r2 ql + (m R2 ta s Ql + m R2 ta s pl QO) r2 qO) Pl 

4 5 4 5 4 5 +(mR2 tas Ql+mR2 tas plQO)r2ql+mR2 tas plQlr2qO)Rl 
2 2 2 4 3 + 12 m R2 r2 c pl Ql Rl qO + 3 «m R2 ta s QO r2 ql 

43 43 . 43 43 
+ (m R2 ta s Ql + m R2 ta s pl QO) r2 qO) Pl + (m R2 ta s QI + m R2 ta 8 pl QO) r2 ql 

4 3 4 3 2 + m R2 ta 8 pl Ql r2 qO) RI - 3 «m R2 c QO r2 ta q l 
43 43 2 43 43 2 + (m R2 c Ql + m R2 c pl QO) r2 ta qO) Pl + (m R2 c Ql + m R2 c pl QO) r2 ta ql 

4 3 2 2 3 2 + m R2 c pl Ql r2 ta qO) Rl + 12 «m R2 r2 c QO ta ql 
23 23·2 23 23 2 + (m R2 r2 c Ql + m R2 r2 c pl QO) ta qO) Pl + (m R2 r2 c Ql + m R2 r2 c pl QO) ta ql 

+mR2 2 r2 3 cpl Ql ta 2 qO)Rl 
33 2 33 3 ~ 2 + 24 (m R2 r2 c QO ta ql + (m R2 r2 c Ql + m R2 r2.) c pl QO) ta qO) Pl 

3 3 2 + 24 m R2 r2 c pl Ql ta qO 

+ 24 (m R2 3 r2 2 c QO Rl ql + (m R2 3 r2 2 c Ql + m R2 3 r2 2 cpl QO) Rl qO) Pl 

+ 24 m R2 3 r2 2 c pl Ql Rl qO) + ql ( 
43 2 43 2 43 43 2 2 -3(mR2 c QOr2ta qOPl+mR2 c QOr2ta ql+(mR2 c QI+mR2 c pl QO)r2ta qO)8 

2 2 2 2 2 Rl + 12 (m R2 r2 c Ql + m R2 r2 c pl QO) Rl qO 
4 5 4 5 2 - 12 (2 m R2 ta 8 QO Ql + 2 m R2 ta 8 pl QO ) r2 Rl 

- 6 (m R2 5 c 3 Ql + m R2 5 c 3 pl QO) RI qO + 6 (m R2 5 ta s 3 QI + m R2 5 ta 8 3 pl QO) r2 qO 
3 2 3 2 + 24 (m R2 r2 c Ql + m R2 r2 c pl QO) Rl qO 

+ 24 (m R2 3 r2 3 c Ql + m R2 3 r2 3 cpl QO) ta 2 qO 

+ 6 (2 m R2 5 c 3 QO QI + 2 m R2 5 c 3 pl QO 2 ) r 2 ta 2 
55 55 43 43 2 

- 12 (m R2 ta s Ql + m R2 ta s pl QO) r2 qO - 3 (m R2 c Ql + m R2 c pl QO) RI qO 
4 3 4 3 2 + 6 (2 m R2 ta s QO Ql + 2 m R2 ta s pl QO ) r2 Rl 

54 54 54 54 2 -2(mR2 s cQOqOPl+mR2 s cQOql+(mR2 s cQI+mR2 s cplQO)qO)r2ta 
4 4 2 4 4 2 - (2 m R2 8 c qO Pl + 2 m R2 8 c qO qJ) r2 ta Rl 
4 4 2 4 4 2 - (2 m R2 s c qO Pl + 2 m R2 s c qO q 1 ) Rl 
542 54 . 53 53 2 - 2 (2 m R2 s c qO Pl + 2 m R2 s c qO q 1) RI + 6 (2 m R2 c QO QI + 2 11'1 R2 c pl QO ) RI 

_ 24 (2 m R2 5 ta s 5 QO Ql + 2 m R2 5 ta 8 5 pl QO 2) r2 
54 2 54 .2 - 2 (2 m R2 s c qO Pl + 2 m R2 s c qO qJ) r2 ta 
5 4 5 4 2 2 + 4 (2 m R2 s c QO Ql + 2 m R2 s c pl QO ) r2 ta 

+ 3 (2 m R2 4 c 3 QO Ql + 2 m R2 4 c 3 pl QO 2) RI
2 

5 3 5 3 2 + 12 (2 m R2 ta s QO QI + 2 m R2 ta 8 pl QO ) r2 
4 4 4 4 2 2 + 2 (2 m R2 s c QO Ql + 2 m R2 8 c pl QO ) Rl 
5 4 5 4 2 +4(2mR2 s cQOQI+2mR2 8 cpIQO )Rl 

+ 6 (2 m R2 5 c 3 QO Ql + 2 m R2 5 c 3 pl Q02) r2 ta 2 
s2 

_ 36 (2 m R2 5 QO Ql + 2 m R2 5 pl Q02) 8 2 c r2 - 36 (2 m R2 5 QO Ql + 2 m R2 5 pl Q02) s4 c r2 

+ 2 (2 m R2 4 
8

4 c QO Ql + 2 m R2 4 
8

4 c pl QO 2) r2 ta 2 Rl 

+ 3 (2 m R2 4 c 3 QO QI + 2 m R2 4 c 3 pl QO 2) Rl 2 s 2 

+ 6 (2 m R2 5 c 3 QO Q 1 + 2 m R2 5 c 3 pl QO 2 ) RI s 2 

+ 24 (2 m R2 2 r2 3 c QO QI + 2 m R2 2 r2 3 cpl Q02) ta
2 

Ri 
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3 3 3 3 2 2 + 48 (2 m R2 r2 c QO QI + 2 m R2 r2 c pl QO ) ta 
3 2 3 2 2 - 24 (2 m R2 r2 c QO QI + 2 m R2 r2 c pl QO ) RI 

- 12 (2 m R2 2 r2 2 c QO QI + 2 m R2 2 1'2 2 c pl QO 2 ) RI 2 

4 4 2 2 - 18 (2 m R2 QO QI + 2 m R2 pl QO ) s c r2 RI 
4 4 2 4 -18(2mR2 QOQI+2mR2 pIQO)s cr2RI 

+ 3 (2 m R2 4 c 3 QO QI + 2 m R2 4 c 3 pl QO 2 ) 1'2 ta 2 RI 
5 3 5 3 . 2 

- 6 (m R2 c QI + m R2 c pl QO) r2 ta qO 
44 44 44 - 44 2 

- (m R2 oS c QO qO PI + m R2 s c QO qi + (m R2 .') c QI + m R2 s c pl QO) qO) r2 ta RI 
5 4 5 4 5 4 5 4 -2(mR2 s cQOqOPI+mR2 .') cQOqI+(mR2 .') cQI+mR2 .') cpIQO)qO)RI 

43 43 2 22 43 2 + 3 (2 m R2 c QO QI + 2 m R2 c pl QO ) r2 ta .Ii RI - 3 m R2 c QO RI qi 
43 2 53 53 - 3 m R2 c QO RI qO Pl - 6 m R2 c QO RI q 1 - 6 m R2 c QO RI qO Pl 

5 5 5 5 5 3 - 12 m R2 ta.') QO r2 qi - 12 m R2 ta s QO r2 qO Pl + 6 m R2 ta.') QO r2 ql 
5 3 + 6 m R2 ta.') QO r2 qO Pl 

44 44 44 - 44 2 - (m R2 s c QO qO Pl + m R2 .') c QO qI + (m R2 s c QI + m R2 s c pl QO) qO) RI 
43 2 43 2 43 43 2 2 - 3 (m R2 c QO RI qO Pl + m R2 c QO RI qi + (m R2 c QI + m R2 c pl QO) RI qO) .') 
53 53 53 53 2 - 6 (m R2 c QO RI qO Pl + m R2 c QO RI ql + (m R2 c QI + m R2 c pl QO) RI qO) .') 
53 2 45 45 -6mR2 c QOr2ta qI-6(mR2 tas QOr2qOPI+mR2 ta.') QOr2ql 
45 45 53 2 53 + (m R2 ta s QI + m R2 ta s pl QO) r2 qO) RI - 6 m R2 c QO r2 ta qO Pl - 6 (m R2 c QO r2 

2 53 2 53 53 2 2 ta qO Pl + m R2 c QO r2 ta qi + (m R2 c QI + m R2 c pl QO) r2 ta qO) s 
22 2 22 2 43 + 12 m R2 r2 c QO RI qi + 12 m R2 r2 c QO RI qO PI + 3 (m R2 ta s QO 1'2 qO Pl 

43 43 43 43 2 + m R2 ta.') QO 1'2 ql + (m R2 ta s QI + m R2 ta s pl QO) r2 qO) RI - 3 (m R2 c QO r2 ta 
43 2 43 43 2 23 qO Pl + m R2 c QO 1'2 ta qi + (m R2 c QI + m R2 c pl QO) r2 ta qO) RI + 12 (m R2 1'2 c 

QO ta 2 qO Pl + m R2 2 1'2 3 c QO ta 2 ql + (m R2 2 1'2 3 c QI + m R2 2 1'2 3 cpi QO) ta 2 qO) RI 
33 2 33 2· 32 +24mR2r2 cQOta qI+24mR2 1'2 cQOta qOP1+24mR2 r2 cQORIqi 
3 2 +24mR2 r2 cQORI qOPI) 

[ 
> El:=coeff(epsilon2,sl)i 
El := qO ( 

43 2 43 2 43 43 2 2 -3(mR2 c QOr2ta qOPI+mR2 c QOr2ta ql+(mR2 c QI+mR2 c pl QO)r2ta qO)s 

RI + 12 (m R2 2 r2 2 c QI + m R2 2 1'2 2 cpi QO)RI 2 qO 
4 5 4 5 2 - 12 (2 m R2 ta s QO QI + 2 m R2 ta s pl QO ) r2 RI 

53 53 53 53· - 6 (m R2 c QI + m R2 c pl QO) RI qO + 6 (m R2 ta s QI + m R2 ta s pl QO) r2 qO 
3 2 3 2 + 24 (m R2 r2 c QI + m R2 r2 c pl QO) RI qO 

+24(mR2 3 r2 3 cQI +mR2 3 r2 3 cpi QO)ta 2 qO 
53· 53 2 2 + 6 (2 m R2 c QO QI + 2 m R2 c pl QO ) 1'2 ta 
55 55 43 43 2 - 12 (m R2 ta s QI + m R2 ta s pl QO) r2 qO - 3 (m R2 c QI + m R2 c pl QO) RI qO 

+ 6 (2 m R2 4 tas 3 QO QI + 2 m R2 4 tas 3 pl Q02) 1'2 RI 
54 54 54 54 2 - 2 (m R2 .') c QO qO Pl + m R2 s c QO qi + (m R2 s c QI + m R2 s c pl QO) qO) r2 ta 
4 4 2 4 4 2 -(2mR2 s cqO PI+2mR2 s cqOq1)r2ta RI 

- (2 m R2 4 s 4 C qO 2 Pl + 2 m R2 4 s 4 c qO q 1) RI 2 

542 54 53 53 2 -2(2mR2 s cqO PI+2mR2 s cqOql)RI+6(2mR2 c QOQI+2mR2 c pIQO )RI 
5 5· 5 5 2 - 24 (2 m R2 ta s QO QI + 2 m R2 ta s pl QO ) r2 
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5 4 2 5 4 2 - 2 (2 m R2 s c qO Pl + 2 m R2 8 c qO qI) r2 ta 

+ 4 (2 m R2 5 
8

4 c QO QI + 2 m R2 5 
8

4 c pl QO 2) r2 ta 2 

+ 3 (2 m R2 4 c 3 QO QI + 2 m R2 4 c 3 pl Q02)RI2 

+ 12 (2 m R2 5 ta 8 3 QO QI + 2 m R2 5 ta 8 3 pl QO 2) r2 
4 4 4 4 2 2 + 2 (2 m R2 8 c QO QI + 2 m R2 8 c pl QO ) RI 
5 4 5 4 2 + 4 (2 m R2 s c QO QI + 2 m R2 8 c pl QO ) RI 
53 53 2 22 + 6 (2 m R2 c QO QI + 2 m R2 c pl QO ) r2 ta s 

- 36 (2 m R2 5 QO QI + 2 m R2 5 pl Q02) 8 2 c r2 - 36 (2 m R2 5 QO QI + 2 m R2 5 pl Q02) s4 c r2 
4 4 4 4 2 2 +2(2mR2 s cQOQI+2mR2 s cpIQO )r2ta RI 

+ 3 (2 m R2 4 c 3 QO QI + 2 m R2 4 c 3 pl QO 2) RI 2 s 2 

+6(2mR2 5 c 3 QOQI +2mR2 5 c 3 pl Q02)RI8 2 

2 3 2 3 2 2 + 24 (2 m R2 r2 c QO QI + 2 m R2 r2 c pl QO ) ta RI 

+ 48 (2 m R2 3 r2 3 c QO QI + 2 m R2 3 r2 3 cpi Q02) ta 2 

- 24 (2 m R2 3 r2 2 c QO QI + 2 m R2 3 r2 2 c pl QO 2) RI 
2 2 2 2 2 2 - 12 (2 m R2 r2 c QO QI + 2 m R2 r2 c pl QO ) RI 
4 4 2 2 

-18(2mR2 QOQI+2mR2 pIQO)8 cr2RI 
4 4 2 4 . 

- 18 (2 m R2 QO QI + 2 m R2 pl QO ) 8 C r2 RI 
4 3 4 3 2 2 + 3 (2 m R2 c QO QI + 2 m R2 c pl QO ) r2 ta RI 

5 3 5 3 . 2 - 6 (m R2 c QI + m R2 c pl QO) r2 ta qO 
44 44 44 44 2 - (m R2 s c QO qO Pl + m R2 s c QO qi + (m R2 8 c QI + m R2 s c pl QO) qO) r2 ta Rl 

5 4 5 4 5 4 5 4 - 2 (m R2 s c QO qO Pl + m R2 s c QO qi + (m R2 s c QI + m R2 s c pl QO) qO) Rl 
43 43 2 22 43 2 + 3 (2 m R2 c QO QI + 2 m R2 c pl QO ) r2 ta s RI - 3 m R2 c QO RI ql 

43 2 53 53 - 3 m R2 c QO RI qO Pl - 6 m R2 c QO Rl q 1 - 6 m R2 c QO RI qO Pl 

-12mR2 5 tas 5 QOr2qI-12mR2 5 tas 5 QOr2qOPI +6mR2 5 tas 3 QOr2qI 

+ 6 m R2 5 ta s 3 QO r2 qO Pl 

- (m R2 4 s 4 c QO qO Pl + 111 R2 4 s 4 c QO qi + (m R2 4 s 4 c QI + m R2 4 s 4 c pl QO) qO) RI 2 

_ 3 (m R2 4 c 3 QO RI 2 qO Pl + m R2 4 c 3 QO RI 2 qi + (m R2 4 c 3 QI + m R2 4 c 3 pl QO) RI 2 qO) s 2 
53 53 53 53 2 - 6 (m R2 c QO RI qO Pl + m R2 c QO RI qi + (m R2 c QI + m R2 c pl QO) Rl qO) s 

- 6 m R2 5 c 3 QO r2 ta 2 qI- 6 (m R2 4 tas 5 QO r2 qOPI + m R2 4 tas 5 QO r2 ql 
45 45 53 2 53 + (m R2 ta s QI + m R2 ta s pl QO) r2 qO) RI - 6 m R2 c QO r2 ta qO Pl - 6 (m R2 c QO r2 

2 53 2 53 53 2 2 ta qO Pl + m R2 c QO r2 ta qi + (m R2 c QI + m R2 c pl QO) r2 ta qO) s 
22222 2 4 3 + 12 m R2 r2 c QO Rl ql + 12 m R2 r2 c QO Rl qO Pl + 3 Cm R2 ta s QO r2 qO Pl 

43 43 43 43 2 + m R2 ta s QO r2 qi + (m R2 ta s QI + III R2 ta s pl QO) r2 qO) RI - 3 (m R2 c QO r2 ta 
43 2 43 43·2 23 qOPI+mR2 c QOr2ta qI+(mR2 c QI+mR2 c pl QO)r2ta qO)RI+12(mR2 r2 c 

2 23 2 23 23 2 QO ta qO Pl + m R2 r2 c QO ta qi + (m R2 r2 c QI + m R2 r2 c pl QO) ta qO) RI 
33 2 33 2 32 + 24 m R2 r2 c QO ta qi + 24 m R2 r2 c QO ta qO Pl + 24111 R2 r2 c QO RI qi 

+ 24 m R2 3 r 2 2 c QO RI qO Pl) + q I (-m R2 4 s 4 c qO 2 RI 2 - 2 111 R2 5 s 4 c qO 2 RI 
532 5422 4422 552 + 6 m R2 c QO RI - 2 m R2 s c qO r2 ta - 111 R2 s c qO r2 ta RI - 24 m R2 tas QO r2 
542 5422 4322 532 - 36 m R2 s c QO r2 + 4 m R2 s c QO r2 ta + 3 m R2 c QO RI + 12 m R2 ta s QO r2 
4422 542 5322 + 2 111 R2 s c QO RI + 4 m R2 s c QO Rl + 6 111 R2 c QO r2 ta 
53222 522 43222 + 6 m R2 c QO r2 ta s - 36 m R2 QO s c r2 + 3 m R2 c QO Rl s 
5322 2322 3322 + 6 m R2 c QO RI s + 24 m R2 r2 c QO ta Rl + 48 m R2 r2 c QO ta 
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322 2222 452 - 24 m R2 r2 c QO R1 - 12111 R2 r2 c QO R1 - 12 m R2 la s QO r2 R1 
432 4422 422 + 6 m R2 ta s QO r2 R1 + 2 m R2 s c QO r2 ta R1 - 18 m R2 QO s c r2 R1 

- 18 m R2 4 
s4 c Q02 r2 R1 + 3 m R2 4 c 3 Q02 r2 ta 2 R1 + 3 m R2 4 c 3 Q02 r2 ta 2 s2 R1 

54 54 2 43 2 53 -2mR2 s cQOqORl-2mR2 s cQOqOr2ta -3mR2 c QOR1 qO-6mR2 c QOR1qO 
55 53 44 2 -12mR2 ta.') QOr2qO+6mR2 tas QOr2qO-mR2 s cQOqOR1 

43 22 53 2 53 2 - 3 m R2 c QO R1 qO.') - 6 m R2 c QO R1 qO.') - 6 m R2 c QO r2 ta qO 
53 22 22 2 45 - 6 m R2 c QO r2 ta qO s + 12 m R2 r2 c QO R1 qO - 6 m R2 ta s QO r2 qO R1 
43 44 2 43 2 + 3 m R2 ta s QO r2 qO R1 - m R2 .') c QO qO r2 ta R1 - 3 m R2 c QO r2 ta qO R1 

- 3 m R2 4 
c

3 QO r2 ta 2 qO s 2 R1 + 12 m R2 2 r2 3 c QO ta 2 qO R1 + 24 m R2 3 r2 3 c QO ta 2 qO 

+ 24 m R2 3 r2 2 c QO R1 qO) 

> EO:=coeff(epsilon2,sl,O)i 
4422 542 ·532 5422 EO ;= qO (-m R2 s c qO R1 - 2 m R2 s c qO R1 + 6 m R2 c QO R1 - 2 m R2 .') c qO r2 ta 

4422 552 542 - m R2 s c qO r2 ta R1 - 24 m R2 ta.') QO r2 - 36 m R2 s c QO r2 
5422 4322 532 + 4 m R2 s c QO r2 ta + 3 m R2 c QO R1 + 12 m R2 ta s QO r2 
4422 542 5322 + 2 m R2 .') c QO R1 + 4 m R2 s c QO R1 + 6 m R2 c QO r2 ta 
53222 522 4 3 222 + 6 m R2 c QO r2 ta s - 36 m R2 QO s c r2 + 3 m R2 c QO R1 s 
532 2 23 22 33 22 + 6 m R2 c QO R1 s + 24 m R2 r2 c QO ta R1 + 48 m R2 r2 c QO la 
322 2222 452 - 24 m R2 r2 c QO R1 - 12 m R2 r2 c QO R1 - 12 m R2 ta s QO r2 RI 
432 4422 422 + 6 m R2 ta s QO r2 R1 + 2 m R2 s c QO r2 ta R1 - 18 m R2 QO .') c r2 R1 
442 4322 43222 - 18 m R2 s c QO r2 R1 + 3 m R2 c QO r2 ta R1 + 3 m R2 c QO r2 ta s R1 

54 54 2 43 2 53 
- 2 m R2 s c QO qO R1 - 2 m R2 s c QO qO r2 ta - 3 m R2 c QO R1 qO - 6 m R2 c QO R1 qO 

55 ·53 44 2 - 12 m R2 ta s QO r2 qO + 6 m R2 ta s QO r2 qO - m R2 s c QO qO R1 
43 22 53 2 53 2 - 3 m R2 c QO R1 qO s - 6 m R2 c QO R1 qO s - 6 m R2 c QO r2 ta qO 
53 22 22 2 ·45 - 6 m R2 c QO r2 ta qO s + 12 m R2 r2 c QO R1 qO - 6 111 R2 ta s QO r2 qO R1 
43 44 2 43 2 + 3 m R2 ta s QO r2 qO R1 - m R2 s c QO qO r2 ta R1 - 3 m R2 c QO r2 ta qO R1 
43 22 23 2 33 2 - 3 111 R2 c QO r2 ta qO s R1 + 12 m R2 r2 c QO ta qO R1 + 24 m R2 r2 c QO ta qO 

+ 24 m R2 3 r2 2 c QO R1 qO) 

> BS:=coeff(beta2,slAS)i 
_ 422 53222 52 22 

Bj;=q1(-r2R1 q1 Pl R2+3mR2 sc pl Q1 r2+3111R2 sc r2p1 Q1 
532 52 2422 -3mR2.') c r2p1Q1q1Pl-3mR2 sc r2p1Q1q1P1+r2 R1 q1 Pl 

+ 4 r2 2 R1 4 p]2 Q1 2 + 4 r2 2 R1 4 p1 2 Q1 2 ta 2 _ r2 m R2 5 s 5 q1 2 P 1 2 + r2 2 R]4 q1 2 P 1 2 ta 2 

+ 8 r2 2 m R2 4 .') 5 ta 2 p1 2 Q1 2 + 2 r2 2 m R2 4 s 5 ta 2 q1 2 P 1 2 
_ r2 2 m R2 4 s 3 ta 2 q1 2 P 1 2 

+ 2 r 2 R1 4 pl 2 Q 1 2 R2 _ 4 r 2 2 m R2 4 s 3 ta 2 pi 2 Q 1 2 + 2 r 2 m R2 5 s 5 pl 2 Qi 2 

+ 12 r2 2 m R2 4 s 3 p1 2 Q1 2 + 12 r2 2 m R2 4 s 5 p1 2 Q1 2 + 24 r2 4 m R2 2 s p]2 Q]2 

+ 4 r2 2 R1 4 pl Q1 q1 Pl + 4 r2 2 R1 4 pl Q1 q1 Pl ta
2 - r2 R1

4 
pl Q1 R2 q1 Pl 

? 452 2432 55 +8r2-mR2 s ta p1Q1q1Pl-4r2 mR2 s ta p1Q1q1P1-r2mR2 s p1Q1q1P1 
243 245 42 +6r2 mR2 s p1Q1q1Pl+6r2 mR2 s p1Q1q1Pl+12r2 mR2 sp1Q1q1Pl) 

> B4:=coeff(beta2,slA4)i 
422 53222 52 22 B4 ;= qO (-r2 R1 q1 Pl R2 + 3 m R2 s c pl Q1 r2 + 3 m R2 sc r2 pl QI 
532 52 2422 - 3111 R2 s c r2 pl Q1 q1 Pl - 3 m R2 sc r2 pl Q1 q1 Pi + r2 R1 q1 Pl 

+ 4 r2 2 R1 4 p1 2 Q1 2 + 4 r2 2 R1 4 p1 2 Q1 2 ta 2 _ r2 m R2 5 s 5 q1 2 P 1 2 + r2
2 

R1
4 

q1 2 P 1 2 
ta

2 
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+ 8 r2 2 m R2 4 s 5 ta 2 pl 2 QI 2 + 2 r2 2 m R2 4 s 5 ta 2 qi 2 Pl 2 _ r2 2 m R2 4 s 3 ta 2 qi 2 Pl 2 

+ 2 r2 RI 4 pl 2 QI 2 R2 _ 4 r2 2 m R2 4 
oS' 3 ta 2 pl 2 QI 2 + 2 r2 m R2 5 .~' 5 pl 2 QI 2 

+ 12 r2 2 m R2 4 s 3 pl 2 QI 2 + 12 r2 2 m R2 4 s 5 pl 2 QI 2 + 24 r2 4 m R2 2 spI 2 QI 2 

+ 4 r2 2 RI 4 pl QI qi Pl + 4 r2 2 RI 4 pl QI qi Pl ta 2 - r2 RI 4 pl QI R2 qi Pl 
2452 2432 55 + 8 r2 m R2 s ta pl QI qi Pl - 4 r2 m R2 s ta pl QI ql Pl - r2 m R2 s pl QI qi Pl 
243 245 42 +6r2 mR2 s pIQlqIPI+6r2 mR2 s pIQlqIPI+12r2 mR2 spIQlqIPI)+ql 
42 2 245 2 (48r2 mR2 spI QI +24r2 mR2 s pl QI 

532 2 5322 52 2 + 3 (2 m R2 s c pl QI + 2 m R2 s c pl QO QI) r2 + 6 m R2 sc r2 pl QI 
5 2 2 + 6 m R2 sc r2 pl QO QI 
532 532 532 -3«mR2 sc r2QI+mR2 sc r2pIQO)qI+mR2 sc r2pIQlqO)PI 

532 -3mR2 sc r2pIQlql 
5 2 5 2 5 2 - 3 «m R2 sc r2 QI + m R2 sc r2 pl QO) qi + m R2 sc r2 pl QI qO) Pl 

52 242 24 2 24 2 - 3 m R2 sc r2 pl QI qi + 2 r2 RI qi Pl + 8 r2 RI pl QI + 2 r2 RI qO qi Pl 

+ 4 (2 r2 2 RI 4 pl QI 2 + 2 r2 2 RI 4 pl 2 QO Qi) ta 2 
- (2 r2 Rl 4 qO qi PI 2 + 2 r2 RI 4 ql2 Pi) R2 

24 2 242 2 242 55 2 + (2 r2 RI qO qi Pl + 2 r2 RI qi P 1) ta + 8 r2 RI pl QO QI - 2 r2 m R2 s qO qi Pl 
55 2 4 2 42 - 2 r2 m R2 s qi Pl + 2 (2 r2 RI pl QI + 2 r2 RI pl QO Qi) R2 

2452 2 24522 2452 2 + 16r2 mR2 s ta pl QI + 16r2 mR2 s ta pl QOQI +4r2 mR2 s ta qOqi Pl 
24522 2432 2 24322 +4r2 mR2 s ta qi PI-2r2 mR2 s ta qOqlPI -2r2 mR2 s ta qi Pl 
24 24 24 24 2 + 4 «(r2 RI QI + r2 RI pl QO) qi + r2 RI pl QI qO) Pl + r2 RI pl QI qi) ta 

2432 2 24322 - 8 r2 m R2 s ta pl QI - 8 r2 ln R2 s ta pl QO QI 
24 24 24 55 2 + 4 «r2 RI QI + r2 RI pl QO) qi + r2 RI pl QI qO) Pl + 4 r2 m R2 s pl QI 

552 243 2 2432 + 4 r2 m R2 s pl QO QI + 24 r2 m R2 s pl QI + 24 r2 m R2 s pl QO QI 
2452 422 24 + 24 r2 m R2 s pl QO QI + 48 r2 ln R2 spI QO QI + 4 r2 RI pl QI qi 
4 2 4 . 4 4 + 12 r2 m R2 s pl QI qi - «r2 RI QI + r2 RI pl QO) R2 qi + r2 RI pl QI R2 qO) Pl 
2452 2452 2452 + 8 «r2 m R2 s ta QI + r2 m R2 s ta pl QO) qi + r2 m R2 s ta pl QI qO) Pl 

_ 4 «r2 2 m R2 4 s 3 ta 2 QI + r2 2 m R2 4 
8

3 ta 2 pl QO) ql + r2 2 m R2 4 s 3 ta 2 pl QI qO) Pl 
55 55 55· 4 - «r2 ln R2 8 QI + r2 m R2 s pl QO) ql + r2 m R2 s pl QI qO) Pl - r2 RI pl QI R2 qi 

+ 8 r2 2 m R2 4 s5 ta 2 pI QI ql- 4r2 2 m R2 4 
8

3 ta 2 pl QI ql - r2 m R2 5 
8

5 pl QI qi 
243 243 243 + 6 «r2 m R2 s QI + r2 m R2 s pl QO) qi + r2 m R2 s pl QI qO) Pl 
245 245 245 + 6 «r2 m R2 s QI + r2 m R2 s pl QO) qi + r2 m R2 s pl QI qO) Pl 

4 2 4 2 4 2 + 12 «r2 m R2 s QI + r2 ln R2 spI QO) qi + r2 m R2 s pl QI qO) Pl 
2 4 3 2 4 5 + 6 r2 m R2 s pl QI qi + 6 r2 ln R2 s pl QI qI) 

> B3:=coeff(beta2,slÀ3}i 

·42 2 245 2 B3:= qO (48 r2 m R2 8 pl QI + 24 r2 m R2 s pl QI 
532 2 5322 52 2 + 3 (2 m R2 s c pl QI + 2 m R2 8 c pl QO QI) r2 + 6 m R2 sc r2 pl QI 

+ 6 m R2 5 s c 2 r2 pl 2 QO QI 
532 532 532 - 3 «m R2 s c r2 QI + m R2 s c r2 pl QO) qi + m R2 s c r2 pl QI qO) Pl 

532 -3mR2 sc r2pIQIqi 
5 2 5 2 5 2 -3«mR2 8C r2QI+mR2 sc r2pIQO)qI+mR2 sc r2pIQlqO)PI 

52 242 24 2 24 2 
- 3 m R2 8 C r2 pl QI ql + 2 r2 RI ql Pl + 8 r2 RI pl QI + 2 r2 RI qO qi Pl 
+ 4 (2 r2 2 RI 4 pl QI 2 + 2 r2 2 RI 4 pl 2 QO QI) ta 2 

- (2 r2 RI 4 qO qi PI 2 + 2 r2 RI 4 qi 2 PI) R2 
24 2 242 2 242 55 2 + (2 r2 RI qO qi Pl + 2 r2 RI qi Pl) ta + 8 r2 RI pl QO QI - 2 r2 m R2 8 qO qi Pl 
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- 2 r2 m R2 5 s 5 qI 2 Pl + 2 (2 r2 RI 4 pl QI 2 + 2 r2 RI 4 pI 2 QO QI) R2 

+ 16 r2
2 

m R2 4 s 5 ta 2 pl QI 2 + 16 r2 2 m R2 4 s 5 ta 2 pI 2 QO QI + 4 r2 2 m R2 4 s 5 ta 2 qO qi P 1 2 

+ 4 r2 2 m R2 4 s 5 ta 2 qI 2 Pl _ 2 r2 2 m R2 4 s 3 ta 2 qO qi P 12 _ 2 r2 2 m R2 4 s 3 ta 2 qI 2 Pl 

+ 4 «(r2
2 

RI
4 

QI + r2
2 

RI
4 

pl QO) qi + r2
2 

RI 4 pl QI qO) Pl + r2 2 RI 4 pl QI qI) ta 2 
2432 2 24322 - 8 r2 m R2 s ta pl QI - 8 r2 m R2 s ta pl QO QI 

+ 4 «r2
2 

RI 4 QI + r2 2 RI 4 pl QO) qi + r2 2 RI 4 pl QI qO) Pl + 4 r2 m R2 5 s 5 pl QI 2 

+ 4 r2 m R2 5 s 5 pI 2 QO QI + 24 r2 2 m R2 4 s 3 pl QI 2 + 24 r2 2 m R2 4 s 3 pI 2 QO QI 
2452 422 24 + 24 r2 m R2 s pl QO QI + 48 r2 m R2 spI QO QI + 4 r2 RI pl QI qi 
4 2 . 4 4 4 + 12 r2 m R2 spI QI qi - ((r2 RI QI + r2 RI pl QO) R2 qi + r2 RI pl QI R2 qO) Pl 
2 452 2 452 2 452 + 8 «r2 III R2 s ta QI + r2 m R2 8 ta pl QO) qi + r2 m R2 8 ta pl QI qO) Pl 
2432 2432 2432 -4«r2 mR2 8 ta QI+r2 mR2 s ta pIQO)qI+r2 mR2 s ta pIQIqO)PI 

55 55 55 4 - «r2 m R2 s QI + r2 m R2 s pl QO) qi + r2 m R2 s pl QI qO) Pl - r2 RI pl QI R2 qi 
2452 . 2432 . 55 + 8 r2 m R2 8 ta pl QI qi - 4 r2 m R2 s ta pl QI ql - r2 m R2 s pl QI qi 
243 243 243 + 6 «r2 m R2 s QI + r2 m R2 s pl QO) qi + r2 m R2 s pl QI qO) Pl 
245 245 245 + 6 «r2 m R2 s QI + r2 m R2 s pl QO) qi + r2 m R2 s pl QI qO) Pl 

4 2 4 2 4 2 +12«r2 mR2 sQI+r2 mR2 spIQO)qI+r2 mR2 spIQlqO)PI 
243 245 4 4 + 6 r2 m R2 s pl QI qi + 6 r2 111 R2 s pl QI qI) + qi (-(r2 RI QI + r2 RI pl QO) R2 qi 
242 5522242 552 +4r2 RI QI -r2mR2 s qO Pl +r2 RI qi -r2mR2 s qi 

5322 532 53222 + 3 (m R2 s c QI + 4 m R2 s c pl QO QI + m R2 s c pl QO ) r2 
52 2 5222 52 + 3 m R2 sc r2 QI + 3 m R2 sc r2 pl QO + 12111 R2 sc r2 pl QO QI 
53253 2 - 3 (m R2 s c r2 QI + m R2 s c r2 pl QO) qi 
53253 2 532 . -3(mR2 sc r2QOqI+(mR2 sc r2QI+mR2 sc r2pIQO)qO)PI 
532 52 52 - 3 m R2 s c r2 pl QI qO - 3 (m R2 sc r2 QI + m R2 sc r2 pl QO) qi 
5 2 5 2 5 2 -3(mR2 sc r2QOqI+(mR2 sc r2QI+mR2 sc r2pIQO)qO)PI 
52 2422 2422 24 - 3 m R2 8 C r2 pl QI qO + r2 RI qO Pl + 4 r2 RI pl QO + 4 r2 RI qO qi Pl 

+ 4 (r2 2 RI 4 QI 2 + 4 r2 2 RI 4 pl QO QI + r2 2 RI 4 pI 2 QO 2) ta 2 

422 4 4 2 -(r2RI qO Pl +4r2RI qOqIPI+r2RI qi )R2 

+ (r2 2 RI 4 q02 PI 2 + 4 r2 2 RI 4 qO qi Pl + r2 2 RI 4 qI 2 ) ta 2 + 16 r2 2 RI 4 pl QO QI 
55 24322 24522 - 4 r2 III R2 8 qO qi Pl - 4 r2 m R2 8 ta QI + 8 r2 l1l R2 s ta QI 

+ 2 (r2 RI 4 QI 2 + 4 r2 RI 4 pl QO QI + r2 Rl 4 pI 2 QO 2) R2 + 8 r2 2 m R2 4 
8 5 ta 2 pI 2 QO 2 

2 452 2 4522 2 45222 + 32 r2 m R2 8 ta pl QO QI + 2 r2 m R2 8 ta qi + 2 r2 m R2 8 ta qO Pl 
2452 24322243222 + 8 r2 m R2 s ta qO qi Pl - r2 m R2 s ta qi - r2 m R2 8 ta qO Pl 

-4 r2 2 m R2 4 
8

3 ta 2 qO qi Pl + 4 «r2 2 RI 4 QO qi + (r2 2 RI 4 QI + r2 2 RI 4 pl QO) qO) Pl 

+ (r2 2 RI 4 Qi + r2 2 RI 4 pl QO) qi + r2 2 RI 4 pl QI qO) ta 2 
_ 4 r2 2 m R2 4 s 3 ta 2 pI 2 QO 2 

2432 552 24 24 - 16 r2 m R2 s ta pl QO QI + 2 r2 m R2 s QI + 4 (r2 RI QI + r2 RI pl QO) qi 

+ 4 (r2 2 RI 4 QO qi + (r2 2 RI 4 QI + r2 2 RI 4 pl QO) qO) Pl + 2 r2 m R2 5 s 5 pI 2 QO 2 
55 2432 24322 + 8 r2 m R2 s pl QO QI + 12 r2 m R2 s QI + 12 r2 m R2 8 pl QO 

+ 48 r2 2 m R2 4 s 3 pl QO QI + 12 r2 2 m R2 4 s 5 QI 2 + 12 r2 2 m R2 4 s 5 pI 2 QO 2 

+ 48 r2 2 m R2 4 
8

5 pl QO QI + 24 r2 4 m R2 2 s QI 2 + 24 r2 4 m R2 2 s pI 2 Q02 
4 2 2 4 4 2 + 96 r2 m R2 spI QO QI + 4 r2 RI pl QI qO + 12 r2 m R2 s pl QI qO 

- (r2 RI 4 QO R2 qi + (r2 RI 4 QI + r2 RI 4 pl QO) R2 qO) Pl 
2 452 2 452 + 8 (r2 m R2 s ta QI + r2 m R2 s ta pl QO) qi 
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2452 2452 2452 + 8 (r2 m R2 s ta QO qi + (r2 m R2 s ta QI + r2 m R2 s ta pl QO) qO) Pl 
2432 2432 -4(r2 mR2 s ta QI+r2 mR2 s ta pl QO)qI 
2432 2432 2432 - 4 (r2 m R2 s ta QO qi + (r2 m R2 s ta QI + r2 m R2 s ta pl QO) qO) Pl 

5 5 5 5 - (r2 m R2 s QI + r2 m R2 s pl QO) qi 
55 55 55 4 

- (r2 m R2 s QO qi + (r2 m R2 s QI + r2 m R2 s pl QO) qO) Pl - r2 RI pl QI R2 qO 
2452 2432 55 + 8 r2 m R2 s ta pl QI qO - 4 r2 m R2 s ta pl QI qO - r2 m R2 s pl QI qO 
2 4 3 2 4 3 + 6 (r2 m R2 s QI + r2 m R2 s pl QO) qi 
243 243 243 +6(r2 mR2 s QOqI+(r2 mR2 s QI+r2 mR2 s pIQO)qO)PI 
2 4 5 2 4 5 + 6 (r2 m R2 s QI + r2 m R2 s pl QO) qi 
245 245 245 + 6 (r2 m R2 s QO qi + (r2 m R2 s QI + r2 m R2 s pl QO) qO) Pl 

4 2 4 2 +12(r2 mR2 sQI+r2 mR2 spIQO)qI 
4 2 4 2 4 2 +12(r2 mR2 sQOqI+(r2 mR2 sQI+r2 mR2 spIQO)qO)PI 

2 4 3 2 4 5 + 6 r2 m R2 s pl QI qO + 6 r2 m R2 s pl QI qO) 

> B2:=coeff(beta2,slA2); 
4 4 242 5522242 B2:= qO (-(r2 RI QI + r2 RI pl QO) R2 qi + 4 r2 RI QI - r2 m R2 s qO Pl + r2 RI qi 
552 5322 532 53222 - r2 m R2 s qi + 3 (m R2 s c QI + 4 m R2 s c pl QO QI + m R2 s c pl QO ) r2 
52 2 5222 52 + 3 m R2 s c r2 QI + 3 m R2 s c r2 pl QO + 12 m R2 s c r2 pl QO QI 

_ 3 (m R2 5 s 3 c 2 r2 QI + m R2 5 s 3 c 2 r 2 pl QO) q I 
. 532 532 532 - 3 (m R2 s c r2 QO qi + (m R2 s c r2 QI + m R2 s c r2 pl QO) qO) Pl 

532 52 52 - 3 m R2 s c r2 pl QI qO - 3 (m R2 sc r2 QI + m R2 oS' c r2 pl QO) qi 
5 2 5 2 5 2 - 3 (m R2 sc r2 QO qi + (m R2 sc r2 QI + m R2 sc r2 pl QO) qO) Pl 
52 2422 2422 24 - 3 m R2 sc r2 pl QI qO + r2 RI qO Pl + 4 r2 RI pl QO + 4 r2 RI qO qi Pl 

+ 4 (r2 2 RI 4 QI 2 + 4 r2 2 RI 4 pl QO QI + r2 2 RI 4 pl 2 QO 2) ta 2 

4 2 2 4 4 2 -(r2RI qO Pl +4r2RI qOqIPI+r2RI qi )R2 
+ (r2 2 RI 4 qO 2 Pl 2 + 4 r2 2 RI 4 qO qi Pl + r2 2 RI 4 qi 2) ta 2 + 16 r2 2 RI 4 pl QO QI 

55 2 43 2 2·2 45 2 2 - 4 r2 m R2 s qO qi Pl - 4 r2 m R2 s ta QI + 8 r2 m R2 s la QI 
+ 2 (r2 RI 4 QI 2 + 4 r2 RI 4 pl QO QI + r2 RI 4 pl 2 QO 2) R2 + 8 r2 2 m R2 4 s 5 ta 2 pl 2 QO 2 

2 452 2 4522 2 45222 + 32 r2 m R2 s ta pl QO QI + 2 r2 m R2 s ta qi + 2 r2 m R2 s ta qO Pl 
2452 24322243222 + 8 r2 m R2 s ta qO qi Pl - r2 m R2 s ta qi - r2 m R2 oS' ta qO Pl 

_ 4 r2 2 m R2 4 s 3 ta 2 qO qi Pl + 4 «r2 2 RI 4 QO qi + (r2 2 RI 4 QI + r2 2 RI 4 pl QO) qO) Pl 
+ (r2 2 RI 4 QI + r2 2 RI 4 pl QO) qi + r2 2 RI 4 pl QI qO) ta 2 

_ 4 r2 2 m R2 4 s 3 ta 2 pl 2 QO 2 
2432 552 24 24 - 16 r2 m R2 s ta pl QO QI + 2 r2 m R2 s QI + 4 (r2 RI QI + r2 RI pl QO) qi 

+ 4 (r2 2 RI 4 QO qi + (r2 2 RI 4 QI + r2 2 RI 4 pl QO) qO) Pl + 2 r2 m R2 5 s 5 pl 2 QO 2 
55 2432 24322 + 8 r2 m R2 s pl QO QI + 12 r2 m R2 s QI + 12 r2 m R2 s pl QO 

243 2452 24522 + 48 r2 m R2 s pl QO QI + 12 r2 m R2 s QI + 12 r2 m R2 s pl QO 
245 422 4222 + 48 r2 m R2 s pl QO QI + 24 r2 m R2 s QI + 24 r2 m R2 spI QO 
4 2 2 4 4 2 + 96 r2 m R2 spI QO QI + 4 r2 RI pl QI qO + 12 r2 III R2 s pl QI qO 

- (r2 RI 4 QO R2 qi + (r2 RI 4 QI + r2 RI 4 pl QO) R2 qO) Pl 
2452 2452 + 8 (r2 m R2 s ta QI + r2 m R2 s ta pl QO) qi 

+ 8 (r2 2 m R2 4 s 5 ta 2 QO qI + (r2 2 m R2 4 s 5 ta 2 QI + r2 2 m R2 4 s 5 ta 2 pl QO) qO) Pl 

_4(r2 2 mR2 4 s 3 
ta

2 QI+r2 2 mR2 4 s 3 ta 2 pIQO)qI 
2432 2432 2432 - 4 (r2 m R2 s ta QO qi + (r2 m R2 s ta QI + r2 m R2 s ta pl QO) qO) Pl 
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5 5 5 5 - (r2 m R2 8 QI + r2 m R2 8 pl QO) ql 

- (r2 m R2
5 

8
5 

QO q1 + (r2 m R2 5 .~,5 Q1 + r2 m R2 5 
8

5 pl QO) qO) PI- r2 RI 4 pl QI R2 qO 
2452 2432 55 + 8 r2 m R2 s ta pl QI qO - 4 r2 m R2 s ta pl QI qO - r2 m R2 s pl Q1 qO 
2 4 3 2 4 3 +6(r2 mR2 s QI+r2 mR2 s pIQO)qI 

+ 6 (r2 2 m R2 4 s 3 QO qi + (r2 2 m R2 4 
8

3 QI + r2 2 m R2 4 s 3 pI QO) qO) Pl 
2 4 5 2 4 5 + 6 (r2 m R2 s QI + r2 m R2 s pl QO) qi 
245 245 245 + 6 (r2 m R2 s QO q1 + (r2 m R2 s QI + r2 m R2 s pl QO) qO) Pl 

4 2 4 2 +12(r2 mR2 sQ1+r2 mR2 sp1QO)qI 
4 2 4 2 4 2 + 12 (r2 m R2 s QO q1 + (r2 m R2 s Q1 + r2 m R2 s pl QO) qO) Pl 

243 245 4 4 + 6 r2 m R2 s pl Q1 qO + 6 1'2 m R2 s pl Q1 qO) + qi (-(r2 R1 QI + r2 RI pl QO) R2 qO 
243 2 532 532 2 + 24 r2 m R2 s pl QO + 3 (2 m R2 fi c QO QI + 2 m R2 fi c pl QO ) 1'2 

+ 6 m R2 5 s c 2 r2 QO Q1 + 6 m R2 5 s c 2 r2 pl Q02 
532 532 532 - 3 (m R2 s c r2 Q1 + m R2 8 C r2 pl QO) qO - 3 m R2 8 C r2 QO q1 
532 52 52 - 3 m R2 8 C r2 QO qO Pl - 3 (m R2 8 C r2 QI + m R2 sc r2 pl QO) qO 
52 52 24 242 - 3 m R2 8 C r2 QO ql - 3 m R2 sc r2 QO qO Pl + 2 r2 RI qO q1 + 2 r2 RI qO Pl 

+ 8 r2 2 R1 4 QO QI + 8 r2 2 R1 4 pl QO 2 + 4 (2 r2 2 R1 4 QO QI + 2 r2 2 R1 4 pl QO 2) ta 2 

42 4 242 24 2 
- (2 r2 RI qO Pl + 2 r2 RI qO qI) R2 + (2 r2 RI qO Pl + 2 r2 RI qO qI) ta 

24 55 552 +4r2 RI QOql-2r2mR2 8 qOql-2r2mR2 s qO Pl 
+ 2 (2 r2 R1 4 QO QI + 2 r2 R1 4 pl QO 2) R2 + 16 r2 2 m R2 4 s 5 ta 2 QO QI 

·2 452 2 2 452 2 4522 + 16r2 mR2 s ta pl QO +4r2 mR2 s ta qOqI +4r2 mR2 s ta qO Pl 
2432 24322 2432 - 2 r2 m R2 s ta qO ql - 2 r2 m R2 s ta qO Pl - 8 r2 m R2 s ta QO QI 
2432 2 24 24 55 - 8 r2 m R2 s ta pl QO + 4 (r2 R1 QI + r2 RI pl QO) qO + 4 r2 m R2 s QO QI 

55 2 243 245 + 4 r2 ln R2 s pl QO + 24 r2 ln R2 fi QO QI + 24 r2 m R2 s QO QI 
245 2 42 . 42 2 + 24 r2 m R2 s pl QO + 48 r2 m R2 s QO QI + 48 r2 ln R2 spI QO 

2 4 4 2 4 2 + 4 r2 RI QO qO Pl + 12 r2 ln R2 s QO ql + 12 r2 ln R2 s QO qO Pl 

+ 4 (r2 2 R1 4 QO qO Pl + r2 2 RI 4 QO ql + (r2 2 R1 4 QI + 1'2 2 R1 4 pl QO) qO) ta 2 

2452 2452 + 8 (r2 m R2 s ta QI + r2 m R2 s ta pl QO) qO 
2432 2432 55 55 - 4 (r2 ln R2 s ta QI + r2 111 R2 s ta pl QO) qO - (r2 111 R2 8 QI + r2 m R2 8 pl QO) qO 
4 4 2452 2452 - r2 RI QO R2 ql - r2 RI QO R2 qO Pl + 8 r2 111 R2 8 ta QO ql + 8 r2 111 R2 s ta QO qO Pl 
2432 2432 55 - 4 r2 m R2 s ta QO ql - 4 r2 111 R2 8 ta QO qO Pl - r2 111 R2 8 QO ql 

55 243 243 - r2 m R2 8 QO qO Pl + 6 (r2 m R2 8 QI + r2 111 R2 s pl QO) qO 
245 245· 42 42 + 6 (r2 111 R2 s QI + r2 m R2 s pl QO) qO + 12 (r2 111 R2 s QI + r2 m R2 spI QO) qO 
243 243 245 + 6 r2 m R2 s QO ql + 6 r2 m R2 s QO qO Pl + 6 r2 111 R2 s QO ql 
2 4 5 + 6 r2 111 R2 s QO qO Pl) 

> Bl:=coeff(beta2,sl); 

BI := qO (-(r2 R1 4 QI + r2 R1 4 pl QO)R2 qO + 24 r2 2 
111 R2 4 

8
3 pl Q02 

+ 3 (2 m R2 5 s3 c 2 QO QI + 2 m R2 5 
8

3 c 2 pl Q02) r2 + 6 m R2 5 s c 2 r2 QO QI 
52 2 532 532 + 6 m R2 sc r2 pl QO - 3 (m R2 s c r2 QI + m R2 s c r2 plQO) qO 

5 3 2 5 3 2 
- 3 m R2 s c r2 QO ql - 3 m R2 s c r2 QO qO Pl 

52 52 52 52 - 3 (m R2 sc r2 QI + m R2 sc r2 pl QO) qO - 3 m R2 sc r2 QO ql - 3 m R2 sc 1'2 QO qO Pl 
+ 2 r2 2 R1 4 qO q 1 + 2 1'2 2 R1 4 qO 2 Pl + 8 r2 2 R1 4 QO QI + 8 1'2 2 R1 4 pl QO 2 

24 24 22 42 4 + 4 (2 r2 RI QO QI + 2 r2 RI pl QO ) ta - (2 1'2 RI qO Pl + 2 r2 RI qO qI) R2 
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+ (2 r2 2 RI 4 q02 Pl + 2 r2 2 RI 4 qO ql) ta 2 + 4 r2 2 RI 4 QO qi - 2 r2 m R2 5 .'1 5 qO qi 

- 2 r2 ln R2 5 s 5 qO 2 Pl + 2 (2 r2 RI 4 QO QI + 2 r2 RI 4 pl QO 2) R2 + 16 r2 2 m R2 4 
.'1

5 ta 2 QO QI 

+ 16 r 2 2 m R2 4 s 5 ta 2 pl QO 2 + 4 r 2 2 m R2 4 s 5 ta 2 qO q I + 4 r 2 2 m R2 4 s 5 ta 2 qO 2 Pl 
2432 24322 2432 

- 2 r2 m R2 s ta qO qi - 2 r2 m R2 s ta qO Pl - 8 r2 m R2 s ta QO QI 
2432 2 24 24 55 

- 8 r2 m R2 s ta pl QO + 4 (r2 RI QI + r2 RI pl QO) gO + 4 r2 m R2 s QO QI 
+ 4 r2 m R2 5 S 5 pl QO 2 + 24 r2 2 m R2 4 s 3 QO Ql + 24 r2 2 m R2 4 s 5 QO Ql 

245 2 42 42 2 + 24 r2 m R2 s pl QO + 48 r2 m R2 s QO QI + 48 r2 m R2 .'1 pl QO 
2 4 4 2 4 2 + 4 r2 Rl QO gO Pl + 12 r2 m R2 s QO qI + 12 r2 m R2 .'1 QO qO Pl 

+ 4 (r2 2 Rl 4 QO qO Pl + r2 2 RI 4 QO ql + (r2 2 Rl 4 QI + r2 2 RI 4 pl QO) gO) ta 2 

2452 2452 + 8 (r2 m R2 s ta Ql + r2 m R2 .'1 ta pl QO) qO 
2432 2432 55 55 

-4(r2 mR2 s ta QI+r2 mR2 s ta pl QO)qO-(r2mR2 s QI+r2mR2 s pIQO)qO 
4 4 2452 2452 - r2 RI QO R2 gi - r2 RI QO R2 gO Pl + 8 r2 m R2 s ta QO qi + 8 r2 m R2 s ta QO gO Pl 
2432 2432 55 -4r2 mR2 s ta QOgl-4r2 mR2 s ta QOqOPI -r2mR2 s QOqi 

55 243 243 -r2mR2.'1 QOgOPI+6(r2 mR2 s QI+r2 mR2 s pIQO)qO 
245 245 42 42 + 6 (r2 m R2 s Ql + r2 m R2 s pl QO) qO + 12 (r2 m R2 s QI + r2 m R2 s pl QO) qO 
243 243 245 + 6 r2 m R2 s QO gi + 6 r2 m R2 s QO qO Pl + 6 r2 m R2 s QO qi 
245 242242 552 +6r2 mR2 s QOqOPl)+qI(4r2 Rl QO +r2 RI qO -r2mR2 s qO 

5322 52 2 532 52 + 3 m R2 s c QO r2 + 3 m R2 s c r2 QO - 3 m R2 s c r2 QO qO - 3 m R2 s c r2 QO gO 

+4 r2 2 Rl 4 Q02 ta 2 _ r2 RI 4 q02 R2 + r2 2 Rl 4 g02 ta 2 + 2 r2 Rl 4 Q02 R2 +4r2 2 RI 4 QO qO 

-4 r2 2 m R2 4 s3 ta 2 Q02 + 8 r2 2 m R2 4 s5 ta 2 Q02 + 2 r2 2 m R24..,5 ta 2 q02 

_ r2 2 m R2 4 .'1 3 ta 2 q02 + 2 r2 m R2 5 ..,5 Q02 + 12 r2 2 m R2 4 .'1 3 Q02 + 12 r2 2 m R2 4 
s5 Q02 

422 42 24 2 4 + 24 r2 m R2 s QO + 12 r2 m R2 s QO qO + 4 r2 RI QOgO ta - r2 RI QO R2 qO 
2452 2432 55 + 8 r2 m R2 .'1 ta QO qO - 4 r2 ln R2 .'1 ta QO qO - r2 m R2 .'1 QO gO 
2 4 3 2 4 5 + 6 r2 m R2 .'1 QO qO + 6 r2 m R2 s QO qO) 

> BO:=coeff(beta2,sl,O); 
242242 552 5322 BO := qO (4 r2 RI QO + r2 RI gO - r2 m R2 .'1 qO + 3111 R2 .., c QO r2 
52 2 532 52 2422 + 3 111 R2 .., c r2 QO - 3 m R2 .., c r2 QO gO - 3 m R2 s c r2 QO gO + 4 r2 Rl QO ta 

- r2 Rl 4 q02 R2+ r2 2 Rl 4 g02 ta 2 + 2 r2 Rl 4 Q02 R2 + 4 r2 2 Rl 4 QO gO 
2 4322 2 4522 2 4522 

- 4 r2 m R2 .'1 ta QO + 8 r2 ni R2 .'1 ta QO + 2 r2 m R2 s ta gO 

_ r2 2 m R2 4 .'1 3 ta 2 q02 + 2 r2 m R2 5 .'1 5 Q02 + 12 r2 2 m R24..,3 Q02 + 12 r2 2 m R2 4 .'1 5 Q02 
422 42 24 2 4 + 24 r2 ln R2 .'1 QO + 12 r2 m R2 .'1 QO gO + 4 r2 Rl QO qO ta - r2 RI QO R2 qO 
2452 2432 55 + 8 r2 m R2 .'1 ta QO qO - 4 r2 111 R2 .'1 ta QO gO - r2 m R2 s QO gO 

.? 43 245 + 6 r2 - m R2 .'1 QO qO + 6 r2 ni R2 .'1 QO qO) 
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APPENDIXC 

Maple inverse Laplace transforms of the differential equations 
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[> restart: 

[

> wi th (linalg) : 

Warning, the protected 
unprotected 

names norm and trace have been redefined and 

> sigmal:=«EO)*epsilon/s+«BO)*beta/s»/(D2*sA2+Dl*s+DO); 
EOe +BO fJ 

s s 
ql :=--------------

D2s2+DI s+DO 

[

> with(inttrans) : 

Warning, the name hilbert has been redefined 

[ 
[ 

> sigmakelvin:=invlaplace(sigmal,s,t); 
sigmakelvin := 

(EO e + Ba fJ) 

( .~) 2D2 

1 + e 

Dl Sinh[ t A./ D1
2

• 4 D2 DO.] . 

1.(
tA./DI2-4D2DOJ 2D2 

-COS 1 -----~~========~~-
2 D2 A./ Dl 2 _ 4 D2 DO . 

DO 

> sigma3:=«EO)*epsilon/s+«BO)*beta/s»/(D5*sA5+D4*sA4+D3*sA3+02*sA2+01*s 
+00) ; 

s s q3:=---------------------------------
D5 s 5 + D4 s 4 + D3 s 3 + D2 s 2 + Dl s + DO 

> sigma3pararneter:=invlaplace(sigma3,s,t); 

. 1 [[ [prOdUct{ [(D5 a4+D4 a3+D3 a2 +D2 a+Dl)e lat)] ,_a 
slgma3pararneter := - - - - - - = RootOf( 

DO 5D5_a 4 +4D4_a 3 +3D3_a 2 +2D2_a+DI 

DLZ5 + D4 _Z4 + D3 _Z3 + D2 J2 + DI _Z + DO) •. ) J -Il (EO e + BO fI) 1 
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