. mathematics

Article

A Closed-Form Solution without Small-Rotation-Angle
Assumption for Circular Membranes under Gas
Pressure Loading

Xiao-Ting He 1-2*(©, Xue Li !, Bin-Bin Shi ! and Jun-Yi Sun 12

check for

updates
Citation: He, X.-T.; Li, X.; Shi, B.-B.;
Sun, J.-Y. A Closed-Form Solution
without Small-Rotation-Angle
Assumption for Circular Membranes
under Gas Pressure Loading.
Mathematics 2021, 9, 2269. https://
doi.org/10.3390/ math9182269

Academic Editors: Mingheng Li,

Hui Sun and Efstratios Tzirtzilakis

Received: 1 July 2021
Accepted: 14 September 2021
Published: 15 September 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Civil Engineering, Chongqing University, Chongqing 400045, China;

20161602025t@cqu.edu.cn (X.L.); 201916131096@cqu.edu.cn (B.-B.S.); sunjunyi@cqu.edu.cn (J.-Y.S.)

Key Laboratory of New Technology for Construction of Cities in Mountain Area (Chonggqing University),
Ministry of Education, Chongqing 400045, China

*  Correspondence: hexiaoting@cqu.edu.cn; Tel.: +86-(0)23-6512-0720

Abstract: The closed-form solution of circular membranes subjected to gas pressure loading plays an
extremely important role in technical applications such as characterization of mechanical properties
for freestanding thin films or thin-film/substrate systems based on pressured bulge or blister tests.
However, the only two relevant closed-form solutions available in the literature are suitable only for
the case where the rotation angle of membrane is relatively small, because they are derived with the
small-rotation-angle assumption of membrane, that is, the rotation angle 6 of membrane is assumed
to be small so that “sinf = 1/(1 + 1/tan?6)!/2” can be approximated by “sinf = tanf”. Therefore, the
two closed-form solutions with small-rotation-angle assumption cannot meet the requirements of
these technical applications. Such a bottleneck to these technical applications is solved in this study,
and a new and more refined closed-form solution without small-rotation-angle assumption is given
in power series form, which is derived with “sinf =1/(1 + 1/ tan29)1/ 27 rather than “sinf = tan6”,
thus being suitable for the case where the rotation angle of membrane is relatively large. This
closed-form solution without small-rotation-angle assumption can naturally satisfy the remaining
unused boundary condition, and numerically shows satisfactory convergence, agrees well with the
closed-form solution with small-rotation-angle assumption for lightly loaded membranes with small
rotation angles, and diverges distinctly for heavily loaded membranes with large rotation angles. The
confirmatory experiment conducted shows that the closed-form solution without small-rotation-angle
assumption is reliable and has a satisfactory calculation accuracy in comparison with the closed-form
solution with small-rotation-angle assumption, particularly for heavily loaded membranes with large
rotation angles.

Keywords: circular membrane; gas pressure loading; large deflection; power series method; closed-
form solution

1. Introduction

The so-called Féppl-Hencky membrane problem is well known: that is, the problem
of large deflection of a peripherally fixed, initially flat circular membrane subjected to
uniformly distributed out-of-plane loads. The initially flat circular membrane may be
either stress-free or prestressed (by applying in-plane loads along the outer edge of the
circular membrane before it is fixed), and the pre-stress can be either tensile or compressive,
but in most cases it is tensile. The uniformly distributed out-of-plane loads is generally
achieved by means of uniform transverse (lateral) or normal loading, where the uniformly
distributed transverse loads refer primarily to the self-weight per unit area of the circular
membrane in practice, while the uniformly distributed normal loads refer primarily to the
gas or liquid pressure applied to the surface of the circular membrane. However, attention
is mainly focused on the case of uniform transverse loading in the existing literature, while
the closed-form solutions suitable for uniform normal loading are available in a few cases.
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Foppl originally derived a system of equations of large deflection of membranes (thin
plates with vanishing bending stiffness) from the classical Foppl-von Karman equations
of large deflection of thin plates [1-3]. Hencky used the power series method to solve
this system of equations for the case of a circular membrane under uniform loading, and
presented the first analytical solution for the circular membrane problem [4]. This is the
reason why the circular membrane problem is usually called Foppl-Hencky membrane
problem or simply well-known Hencky problem, but Hencky originally dealt only with
the case of a stress-free circular membrane subjected to uniform transverse loading [4].
A computational error in the power series solution which was presented originally by
Hencky in 1915 [4] was corrected subsequently by Chien in 1948 [5] and Alekseev in
1953 [6], respectively. This solution is usually called the well-known Hencky solution, and
is often cited in some studies of related issues [7-12].

In the existing literature, however, the closed-form solutions of circular membranes
subjected to uniform normal loading are available in a few cases [13-15]. Fichter was the
first scholar to deal analytically with the circular membrane problem for uniform normal
loading, who presented an analytical solution of a stress-free circular membrane under gas
pressure for the anticipated use for predicting the shape of orbiting inflatable reflectors [13].
The horizontal component of the gas pressure applied is an extra component from the
point of view of the problem for uniform transverse loading, and was really included
during the mathematical formulation in [13] but was actually neglected in Campbell [14].
Therefore, the solution presented in Campbell [14] was actually still suitable for the circular
membrane problem for uniform transverse loading rather than uniform normal loading,
although the title of the Campbell’s paper [14] is “on the theory of initially tensioned
circular membranes subjected to uniform pressure”. Shi et al. [15] presented the closed-
form solution for circular membranes under in-plane radial stretching or compressing
and out-of-plane gas pressure loading, extending the closed-form solution presented in
Fichter [13] to include the case of pre-stress.

The closed-form solutions are often found to be necessary in some engineering or
technical applications. In fact, the closed-form solutions suitable for uniform normal
loading are far more often needed than the ones suitable for uniform transverse loading, for
instance, the characterization of mechanical properties for freestanding thin films or thin-
film/substrate systems based on pressured bulge or blister tests [9,16-21], also including
the anticipated use for predicting the orbiting reflector shape upon inflation [13], all need
the closed-form solution of a circular membrane subjected to uniform normal loading
due to the fact that all of these circular membranes are actually subjected to gas pressure
loading rather than uniform transverse loading. As has been described above, however,
the opposite is true in the existing literature, where there are far more of the closed-
form solutions suitable for uniform transverse loading than the closed-form solutions
suitable for uniform normal loading. In particular, the calculation accuracy of the existing
closed-form solutions suitable for uniform transverse loading has been greatly improved,
while the calculation accuracy of the existing closed-form solutions for uniform normal
loading [13,15] is far from ideal.

It may be observed from Fichter [13] or Shi et al. [15] that the closed-form solution
presented was actually obtained under the condition that the rotation angle 6 of the circular
membrane is so small that “sinf = tanf” can be used in place of “sind =1/(1 + 1/ tan20)1/2”,
which is usually called the small-rotation-angle assumption of the membrane (see
Equations (37) or (2) in Fichter [13] or Equations (1) through (3) in Shi et al. [15]). This
assumption inevitably leads to the loss of computational accuracy of the closed-form so-
lutions, especially when the rotation angle 6 of the circular membrane is relatively large.
However, in technical applications such as the mechanical properties characterization or
orbiting inflatable reflectors mentioned above [9,16-21], the rotation angle 6 of the circular
membrane is often larger. Especially in the mechanical property characterization, the
maximum deflection of the bulge or blister membrane may be close to the radius of the
circular membrane, such that the rotation angle # may be as high as 50 degrees. In this case,



Mathematics 2021, 9, 2269

30f29

if the small-rotation-angle assumption of membrane is adopted, then the calculation error
which is caused only by substituting “sinf = tanf” for “sinf = 1/(1 + 1/tan?6)'/2” is about
1.54% when 6 = 10 degrees, 6.42% when 6 = 20 degrees, 15.47% when 6 = 30 degrees, and
30.54% when 0 = 40 degrees. Therefore, it is necessary and worthwhile for these technical
applications to give up the so-called small-rotation-angle assumption of membrane during
the mathematical formulation of the problem under consideration.

In the following section, the problem of large deflection of a peripherally fixed, initially
flat, stress-free circular membrane subjected to uniform normal loading is reformulated,
where the small-rotation-angle assumption of membrane adopted in Fichter [13] and
Shi et al. [15] (which are the only two relevant studies available in the literature)—the
rotation angle of membrane 6 is assumed to be small so that “sinf = tanf” can be used in
place of “sinf =1/(1 + 1/ tan20)1/2”"—is given up, which makes the resulting nonlinear
differential equation that governs the out-of-plane equilibrium more difficult to deal
with analytically. The power series method is employed to analytically solve the resulting
governing equations, and a new and more refined closed-form solution for the reformulated
problem is finally presented. Due to giving up the small-rotation-angle assumption of
membrane, i.e., using “sinf = 1/(1 + 1/ tan29)l/ 27 rather than using “sinf = tanf” as
Fichter [13] or Shi et al. [15] did, the closed-form solution presented here can be suitable for
the larger rotation angle of membrane, in comparison with the only two relevant closed-
form solutions presented by Shi et al. [15] and Fichter [13]. In Section 3, the validity of the
closed-form solution obtained in Section 2 is proved firstly from the point of view that it
can satisfy the boundary condition that is not used during its derivation. The convergence
of the closed-form solution obtained in Section 2 is numerically investigated due to the
complexity of coefficient expressions arising from power series method, showing that
the special solutions of stress and deflection converge very well. It is also numerically
shown that the closed-form solutions presented in this paper and the one presented in
Shi et al. [15] or in Fichter [13] agree quite closely for lightly loaded small-rotation-angle
membranes and gradually diverge slowly as the rotation angle of membrane or the loads
applied intensifies. Finally, a confirmatory experiment is used to show that the closed-form
solutions presented in this paper is indeed improved in accuracy and adaptability to the
rotation angle of membrane, compared to the only two existing solutions presented by
Fichter [13] and Shi et al. [15]. Concluding remarks are given in Section 4.

2. Membrane Equation and Its Solution

A linearly elastic, initially flat, stress-free circular membrane with thickness &, Pois-
son’s ratio v, and a Young’s modulus of elasticity E was fixed at the edge of radius 4, and
then a gas pressure g was applied to one side of the initially flat, peripherally fixed circular
membrane, resulting in the deflection to the other side of the membrane, as shown in
Figure 1, where a cylindrical coordinate system (r, ¢, w) was introduced, whose coordinate
origin 0 was placed in the centroid of the geometric intermediate plane of the initially flat
circular membrane, the polar coordinate plane (v, ¢) was located in the plane in which
the geometric intermediate plane was located, r denoted the radial coordinate, ¢ denoted
the angle coordinate but is not shown in Figure 1, w denoted the axial coordinate which
is consistent with the deflecting direction of the circular membrane. Let us take out a
free body from the central portion of the whole deflected circular membrane, a piece of
circular membrane with radius r (0 < r < a), with a view of studying the static problem
of equilibrium of the free body under the joint actions of the membrane force ok at the
boundary of the free body and the gas pressure g, as shown in Figure 2, where 0, is the
radial stress, h is the membrane thickness, and 6 is the rotation angle of the deflected
circular membrane, which varies with radial coordinate r.
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Figure 2. Free body diagram of the deflected circular membrane with radius 0 < r < a.

In the vertical direction perpendicular to the polar coordinate plane (r, ¢), there are
two vertical (transverse) forces, i.e., the vertical external force 71r%q (0 < r < a) produced
by the gas pressure g and the vertical component 27rohisiné of the membrane force o h.
Therefore, it can be found, from the condition of the resultant force being zero at the vertical
direction, that the usually so-called out-of-plane equilibrium equation is

2ntroyhsin = nrzq, @

where

sin9:1/\/1+1/tan29:1/\/1+1/(—dw/dr)2. )

Substituting Equations (2) into (1) yields.

1
Erq\/l +1/(—dw/dr)* = ovh. )

It may be seen, by comparing Equation (2) in this paper with Equation (2) in Shi et al. [15],
that the so-called small-rotation-angle assumption of membrane has been given up in the
out-of-plane equilibrium equation, Equation (3). We still use the in-plane equilibrium
equation derived originally by Fichter [13].

d dw
oth = —(royh) — gr—, 4
! dr (revh) =4 dr @
where 0 denotes the circumferential stress. Suppose that the radial strain is denoted by e,
the circumferential strain is denoted by e;, the radial displacement at  is denoted by u(r)
and the transversal displacement at r is denoted by w(r). Then the relations of the strain
and displacement, i.e., the so-called geometric equations, may be written as

du 1,dw.?
€rfa+§(a) )

and
ey =

(6)

u
r
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The relations of the stress and strain are still assumed to satisfy the generalized Hooke’s
law (the linearly elastic membrane), then the so-called physical equations are

E
=1 (ey +veyr) ()

and

E
Or = m(‘ft + ver). ®)

Eliminating e, and e; from Equations (5) through (8) yields.

E du 1d7w2 u

=izl Tale) T ©)
and )
E u du v, dw
By means of Equations (4), (9), and (10), one attains.
u 1 1[d dw
L= ﬁ(ath —voh) = T { (rovh) —voyh — qrdr]. (11)
Substituting the u in Equation (11) into Equation (9) yields.
d L d Eh (dw\?® | d*w dw|
3 (o) + 72 S (o) + <dr> - [rdrz—l—( e P )

Equation (12) is commonly known as the consistency equation.
Equations (3), (4), and (12) are three differential equations concerning o, 04, and w,
and the boundary conditions for determining the special solutions of 0, 0, and w are

dw
—_— = = 1
5 =0atr=0, (13)
u 1[d dw
r  Eh @(m’h) _th_qrﬁ =Oatr=a (14
and
w=0atr =a. (15)

Let us proceed to the following nondimensionalization.

T S= a1 (16)

_ 8 _ o
Q=-—W= Sr—E 3

hE’
and transform Equations (3), (4), and (12)-(15) into

2
(452 — 203 (- )" 22—, (17)
dx

d dw
a(xsr) S — xQ— 0, (18)
38 52 ) LY o ™ Z0 a9

dx" dx2 2% dx dx2 dx | 7
dw

E—Oatx-(), (20)

%(xsr)—vsy—Qxi—V: =0atx=1 (21)
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and
W=0atx=1. (22)

S; and W can be expanded into the power series in the x, due to the fact that the stress and
deflection are both finite at x = 0 (i.e., at r = 0).

Si(x) = icixi (23)

i=0

and -
W(x) =Y dux' (24)

i=0

The recursive relations between c; or d; can be determined by substituting Equations (23) and (24)
into Equations (17) and (19), which results in that when i is odd ¢; = 0 and d; = 0, and when i is
even the coefficients c; and d; can be expressed into the polynomial function in the coefficient cy,
see Appendix A (for ¢;) and Appendix B (for d;).

The remaining two coefficients cy and dy are commonly known as the undetermined
constants and can be determined by using the boundary conditions Equations (21) and (22).
From Equations (23) and (24), the boundary condition Equation (21) yields.

(1—U)ici+iici—Qiidi =0. (25)
i=0 i=1 i=1

Obviously, the substitution of ¢; and d; (in Appendices A and B) into Equation (25) give
rise to a univariate equation for ¢(, and the solution to this univariate equation determines
the specific value of the undetermined constant cy. As a result, the expression of S, can be
determined with the known ¢j. Further, the boundary condition Equation (22) gives, from
Equation (24).

do=—-)_d;. (26)

Therefore, the value of the undetermined constant dy can be determined by Equation (26)
with the known ¢, because d; is identically equal to zero when i is odd and is the functions
of by when i is even (see Appendix B). The expression of W can thus be determined with
the known ¢ and d.

3. Results and Discussions

The boundary condition from Equation (13) or (20), which has not been used yet
during the derivation above, can be used to exam the validity of the closed-form solution
obtained in Section 2. From Equation (24), the first derivative of the W versus the x is

aw &
—— =Y idx' . (27)
=

It may be seen from Equation (27) that dW/dx = d; when x = 0. However, from the
derivation in Section 2, we know that d; = 0 because d; = 0 when i is odd. Therefore, it
may be concluded that dW/dx = 0 at x = 0. This indicates that the boundary condition
Equation (20) or Equation (13) can be naturally met by the closed-form solution obtained
in Section 2. This to some extent indicates that the derivation in Section 2 is reliable.

The convergence of the power series solution obtained in Section 2 is usually of
concern, but due to the complexity of the coefficient expressions (see Appendices A and B)
it can only be discussed numerically rather than analytically. To this end, a numerical
example is considered, where a peripherally fixed stress-free circular membrane with
Poisson’s ratio v = 0.45, Young’s modulus of elasticity E = 7.84 MPa, thickness 1 = 0.2 mm,
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and radius a = 70 mm is subjected to a gas pressure g = 0.003 MPa. For convenience, the
infinite power series in Equations (25) and (26) have to be truncated to n terms, that is

n n . aq n .
(1—v)2ci—|—21ci—Eszi:0 (28)
i=0 i=1 i=1

and

dy =Y d;. (29)

Given a specific value of the parameter n in Equations (28) and (29), the corresponding
numerical value of the undetermined constant ¢y can be determined by using Equation (28),
and with this known ¢ the corresponding numerical value of the undetermined constant dj
can further be determined by using Equation (29). We start calculating the numerical values
of the undetermined constants ¢y and dj from n = 2. The results of calculation of ¢y and dj
are listed in Table 1, and the variation of ¢y and dy with n are shown in Figures 3 and 4.

It may be seen from Figures 3 and 4 that the data sequences of ¢y and dj already
converge very well when n = 40. Therefore, only the expressions of ¢; and d; for i < 40 are
listed in Appendices A and B, and the undetermined constants ¢y and d can finally take
0.147769 and 0.310003 (the values at 1 = 48, see Table 1), respectively.

For examining the convergence of the special solutions of stress and deflection at x =1
(at r =a =70 mm), the numerical values of ¢; and d; are calculated with ¢y = 0.147769 and
dy = 0.310003, which are listed in Table 2. The variations of ¢; and d; with i are shown in
Figures 5 and 6, showing that the special solutions of stress and deflection also converge
very well.

Table 1. Numerical values of ¢y and dj at different n when gas pressure g = 0.003 MPa.

n Co do

2 0.114085 0.293485
4 0.131655 0.314756
6 0.138463 0.317106
8 0.141845 0.316443
10 0.143768 0.315326
12 0.144958 0.314283
14 0.145739 0.313412
16 0.146275 0.312708
18 0.146655 0.312145
20 0.146931 0.311695
22 0.147136 0.311335
24 0.147291 0.311044
26 0.147410 0.310809
28 0.147502 0.310618
30 0.147575 0.310462
32 0.147632 0.310335
34 0.147677 0.31023
36 0.147714 0.310143
38 0.147736 0.310083
40 0.147752 0.310041
42 0.147760 0.310022
44 0.147766 0.310013
46 0.147768 0.310006

48 0.147769 0.310003
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Figure 3. Variation of ¢y with n when g takes 0.003 MPa.
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Figure 4. Variations of dy with n when g takes 0.003 MPa.

It is worth mentioning that the magnitude of the rotation angle of membrane or the
loads applied has an effect on the convergence rate of the data sequences of ¢y and dj or
¢; and d;. Let us consider the cases of the above circular membrane under the action of
g = 0.0004 MPa and g = 0.0105 MPa. Figures 7-10 show the variation of ¢y and dy with n and
c; and d; with [ for the case of g = 0.0004 MPa. Figures 11-14 show the variation of ¢y and dj
with 7 and ¢; and d; with i for the case of g = 0.0105 MPa. It can be seen from the comparison
between Figure 3, Figure 7, and Figure 11, or Figure 4, Figure 8, and Figure 12, or Figure 5,
Figure 9, and Figure 13, or Figure 6, Figure 10, and Figure 14 that the convergence rate of
the data sequences of ¢ or dy or c; or d; slows down as the rotation angle of membrane or
the loads applied intensifies.

Now, let us show the improved effect of the closed-form solution presented in
Section 2, the difference between the solution presented in Section 2, and the solution
presented in Shi et al. [15] or in Fichter [13]. Figures 15 and 16 show the deflection w(r) and
radial stress o,(r) when a peripherally fixed stress-free circular membrane with Poisson’s
ratio v = 0.45, Young’s modulus of elasticity E = 7.84 MPa, thickness / = 0.2 mm, and radius
a =70 mm is respectively subjected to g = 0.00004, g = 0.003, and g = 0.0105 MPa, where
solution 1 refers to the solution presented in this paper and solution 2 refers to the solution
presented in Shi et al. [15] or in Fichter [13].
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Table 2. Numerical values of ¢; and d; at different i when g = 0.003 MPa, cy = 0.147769 and

do = 0.310003.
i Ci di
0 0.147769 0.310003
2 —0.039009 —0.226584
4 —0.008191 —0.041540
6 —0.003332 —0.016786
8 —0.001707 —0.008712
10 —0.000988 —0.005132
12 —0.000618 —0.003264
14 —0.000408 —0.002187
16 —0.000280 —0.001521
18 —0.000197 —0.001088
20 —0.000143 —0.000796
22 —0.000105 —0.000592
24 —0.000079 —0.000448
26 —0.000060 —0.000342
28 —0.000046 —0.000264
30 —0.000036 —0.000206
32 —0.000028 —0.000164
34 —0.000022 —0.000130
36 —0.000017 —0.000103
38 —0.000014 —0.000082
40 —0.000011 —0.000067
42 —0.000009 —0.000054
44 —0.000007 —0.000044
46 —0.000006 —0.000035
48 —0.000005 —0.000029
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1

Figure 5. Variations of ¢; with i when g = 0.003 MPa and ¢( = 0.147769.
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Figure 6. Variations of d; with i when ¢ = 0.003 MPa, ¢y = 0.147769 and dy = 0.310003.
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Figure 16. Variation of o, with r when ¢ takes 0.0004, 0.003, and 0.0105 MPa, respectively.

It may be seen from Figures 7 and 8 that the difference between the two solutions
becomes more and more obvious as the loads g increase. This is because the rotation angle
of the circular membrane 6 increases accordingly with the increase of the loads q. Therefore,
with the increase of the rotation angle of the circular membrane 6, the small-rotation-angle
assumption of membrane which is adopted in Fichter [13] or in Shi et al. [15], i.e., the
application of substituting “sind = tanf” for “sinf = 1/(1 + 1/tan?0)!/2”, will aggravate the
loss of calculation accuracy of the closed-form solutions for deflection and stress.

Shi et al. [15] conducted a confirmatory experiment to show the calculation accuracy
of their closed-form solution. We here still use their experimental results of an initially flat
stress-free circular natural latex thin film with Young’s modulus of elasticity E = 0.941 MPa,
Poisson’s ratio v = 0.43, thickness # = 0.8 mm, radius 4 = 70 mm, and subjected to the
action of gas pressure g = 0.008 MPa, as a reference to make a comparison between the
closed-form solution presented in this paper and the closed-form solution presented in
Shi et al. [15] or Fichter [13], as shown in Figure 17, where solution 1 refers to the closed-
form solution presented in this paper and solution 2 refers to the closed-form solution
presented in Shi et al. [15] or Fichter [13]. Table 3 shows the error of the theoretical results
relative to the experimental results. From Figure 17 and Table 3 it can be concluded
that the closed-form solution presented here, due to giving up the small-rotation-angle
assumption of membrane, has a higher calculation accuracy and is suitable for the case of
larger rotation angle of membrane, in comparison with the only two relevant closed-form
solutions presented in Shi et al. [15] and Fichter [13].

0 T T T T T T T T T T T T T
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20} SN st ]
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i SX Py N I RN BN IR R P i 1
nr N T —Solutionl
=-=Solution2

50 1 L ! | L ! \ | N L —+-Experimental results

70 60 50 40 30 20 10 0 10 20 30 40 50 60 70
r[mm]

Figure 17. Membrane deflection along a diameter, experimental, and theoretical results.
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Table 3. The measured and calculated results of membrane deflection and their relative errors.

Calculated Results by Solution 1 and Calculated Results by Solution 2 and

 (mm) Measured Errors Relative to Measured Results Errors Relative to Measured Results
Results (mm)
Results (mm) Error Results (mm) Error
0 39.52 40.03 1.29% 37.85 4.22%
10 38.94 39.61 1.72% 36.98 5.02%
20 37.39 38.34 2.54% 35.48 5.11%
30 35.03 36.12 3.11% 32.86 6.20%
40 31.49 32.76 4.03% 28.94 8.09%
50 2643 27.84 5.33% 23.42 11.39%
60 18.32 20.00 9.17% 15.12 17.47%

4. Concluding Remarks

In this study, the problem of large deflection of a peripherally fixed, initially flat,
stress-free circular membrane subjected to gas pressure loading is reformulated under the
condition of giving up the small-rotation-angle assumption of membrane—the rotation
angle 6 of membrane is assumed to be small so that “sinf =1/(1 + 1/ tan20)1/2” can be
approximated by “sinf = tanf”, wherein a new and more refined closed-form solution
without small-rotation-angle assumption is, for the first time, given in power series form,
and relevant numerical and experimental studies are also carried out.

It is worth mentioning first that the correct determination of the undetermined con-
stants ¢y and d is often difficult and requires some auxiliary means to accomplish it, which
is not mentioned above. As stated above, the undetermined constants ¢y and dy can be
determined by Equations (28) and (29) for a given value of n, but actually this also results
in some higher order equations for ¢y and dy. It is well known that higher order equations
may have multiple roots, but due to lack of judgement criterion, we do not know which of
these roots is what we want, that is, which one is the true value of ¢ or dj that corresponds
to the given n. This difficulty is overcome by auxiliary plotting in this study, that is, all the
real roots are plotted into a so-called scatter plot, in which the points that can form smooth
connecting lines are the true values of ¢y or dy that correspond to all values of n. Figure 3,
Figure 4, Figure 7, Figure 8, Figure 11, and Figure 12 are the final results that delete the
points that cannot form smooth connecting lines, and leave only the points that can form
smooth connecting lines, i.e., the true values of ¢ or dy that correspond to all values of n.
We have no way to explain this phenomenon, only guess that it might have something to
do with the use of power series method, but the numerical and experimental studies above
show that it is feasible to do so.

In addition, the following conclusions can be drawn from this study.

The closed-form solution with small-rotation-angle assumption, which is presented in
previous studies, will lose more and more calculation accuracy gradually as the rotation
angle of membrane or the loads applied intensifies, and thus it is not suitable for heavily
loaded membranes with large rotation angle.

The closed-form solution without small-rotation-angle assumption, which is presented
in this paper, can be used for heavily loaded membranes with large rotation angle due to
giving up the small-rotation-angle assumption, and the confirmatory experiment conducted
shows that it is reliable.

Although the closed-form solution without small-rotation-angle assumption has good
convergence, its convergence rate depends on the magnitude of the rotation angle of
membrane, or the magnitude of the loads applied. This means that the number of terms in
the power series in Equations (28) and (29), 1, should take a larger value for heavily loaded
membranes with large rotation angle, in comparison with lightly loaded membranes with
large rotation angle.

Since thin films, which are characterized based on pressured bulge or blister tests,
usually show very large rotation angles, the use of the closed-form solution with small-
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rotation-angle assumption in this case is bound to bring a large characterization error.
Therefore, in this sense, the closed-form solution without small-rotation-angle assumption
presented in this paper fills in the gap in technical applications such as characterization of
mechanical properties for freestanding thin films or thin-film/substrate systems based on
pressured bulge or blister tests.
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Nomenclature

Radius of the circular membrane

Thickness of the circular membrane

Young’s modulus of elasticity

Poisson’s ratio

Coordinate origin of the cylindrical coordinate system (r, ¢, w)
Radial coordinate of the cylindrical coordinate system (r, ¢, w)
Angle coordinate of the cylindrical coordinate system (r, ¢, w)
Axial coordinate of the cylindrical coordinate system (r, ¢, w) as well as transverse displacement
of the deflected membrane

Radial displacement of the deflected membrane

Gas pressure

o, Radial stress

o0y Circumferential stress

e,  Radial strain

¢;  Circumferential strain

S99 2o < m™N

=

-

6  Rotation angle of the deflected membrane

7t Pi (ratio of circumference to diameter)

Q Dimensionless gas pressure (aq/Eh)

W Dimensionless transverse displacement (w/a)

S, Dimensionless radial stress (¢, /E)

S;  Dimensionless circumferential stress (¢;/E)
x  Dimensionless radial coordinate (r/a)

c;  Coefficients of the power series for S,

d;  Coefficients of the power series for W

Appendix A
QZ
0= —@(4600 +12co + 1),
€4 = — Q' (8c30* + 80c%v + 6¢ov + 2003 + 30c + 1),
6144c;
6
6= — msQT%g (25630° 4 4736c0% + 320c§v? + 28544cv + 3776c50 + 11600+

55552¢3 + 10880c3 + 668cy + 13)
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1
¢ = 75(dsQu +9d5Q — 3dyds — 2dyd),
1
€10 = ¢ (5d10Qu + 55d19Q — 9dg — 16d4dg — 10dadg),
1
C1p = 472 (3d12QU + 39d12Q - 12d6d8 o 10d4d10 B 6d2d12),

1
Cl4 = 112 (7d14QU + 105d14Q — 16d2 30d6d10 — 24d4d12 — 14d2d14),

1
Cl6 = 3¢ (2d16Qu + 34d16Q — 10dgd1g — 9ded12 — 7dadry — 4drdye),

1
c18 — 180 (9d18QZ) + 171d18Q 25d 48d8d12 — 42d6d14 - 32d4d16 - 18d2d18),

1
c20 = 175(5820Q0 + 105d20Q — 301012 — 280sdd1s — 24dsd16 — 18d4dss — 10d20dz0),

1
— (11dp Q0 + 253d2Q — 36d%, — 70d1gdy4 — 64dgd1 — 54dgds — 40dsdag — 22dadny),

2= 564

1
Coq — %(—2111126114 — 20d10d16 — 18d8d18 — 15d6d20 — 11d4d22 + 75Qd24 + 3Ql)d24 — 6d2d24),

13d76Quv + 351dQ — 49d14 96d1,d1¢ — 90d19d1g — 80dgdrg — 66dedyy — 48d4d24—26d2d26)

1
€26 = 354

7dr8Qu + 203d8Q — 56d14d1¢ — 54d12d1g — 50d19dog — 44dgdry — 36dgdry — 26d4dpe— 14d2d28)

1
€28 = 575

C30 = ﬁ(l&ig,oQU + 465d30Q — 64d%6 — 126d14d18 — 120d12dyg — 110d10d22 — 96dgdry — 78dgdrg—
56d4d2s — 30dad30)

C3p = 11% (—36d16d1g — 35d14d20 — 33d12don — 30d19dog — 26dgdag — 21dedag — 15d4d30 + 132Qdsp+
4Q0d32 — 8d2d32)

C34 = é(17d34Q?) + 595d34Q — 8151%8 — 160d16d20 — 154d14dyy — 144d17doy — 130d10d26 — 112dgdrg—
90dedsg — 64dsdsy — 34dadsy)

C36 = 342( 90d18d20 - 88d16d22 - 84d14d24 — 78d12d26 — 70d10d28 — 60d8d30 — 48d6d32 — 34d4d34—|—
333Qd3¢ + 9Qudsze — 18d2d36)

C38 = %(—10011%0 — 198d1gdyy — 192d16dpg — 182d14dp¢ — 168d12dpg — 150d19dsg — 128dgdsy—
102dgdzy — 72d4d36 + 741Qdsg + 19Qudsg — 38d2d3s)

Cq40 = 210( 55d20d22 — 54d18d24 - 52d16d26 - 49d14d28 - 45d12d30 - 40d10d32 — 34d8d34 - 27d6d36*
19d4d3g + 205Qd40 + 5Q0d40 - 10d2d40)
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Appendix B
Q
d = T
2 4C0
Q3
dy = ———(4cgv +20co + 1),
4 5126%( 0v +20co + 1)
dg = @ (64c3v* + 736¢50 + 36cov + 1984¢5 + 204cy +5),
147456¢),
dg = 1661%(—4C2C4d% — 4C0C6d% — 1660C2di — 8C%d2d4 — 16C064d2d4 — 24COC2d2d6 — 24C%d4d6+
2d30% 4 3dpdsQ?)
dl() = @(*Cid% — 2C2C6d% — 2COC8d% — 4C%di — 8C0€4di — 9C%d% — 8C2C4d2d4 — 8C0€6d2d4*

6C%d2d6 - 12C0C4d2d6 - 24C0C2d4d6 - 16COC2d2d8 - 16C%d4d8 + 3d4d6Q2 + Zdzdez)

dlz = @(*8 C4C6d% — 8C2€8d% — 800C10d% — 32C2C4d421 — 32COC6di — 72COC2d% — 16Cid2d4*

32C2C6d2d4 - 32C0C8d2d4 - 48C2C4d2d6 - 48COC6d2d6 - 48C%d4d6 - 96C0C4d4d6 - 32C%d2d8—
64cocadrdg — 128cgcodydg — 96C%d6d3 — 80cqocrdrdyg — 80C%d4d10 + 9d%Q2 + 16d4d8Q2—|—
10d2d10Q?)

_ _1 272 2 2 2 272 2 2
d14 = W(_ C6d2 — 2C4C8d2 — 2C2C10d2 — 2C0C12d2 — 4C4d4 — 8C2(16d4 — 860C8d4—

9C%d% - 1860C4d% - 16C%d§ - 8C4C6d2d4 - 862C8d2d4 - 8C0C10d2d4 - 6Cid2d6 - 1262C6d2d6—
12C068d7_d6 — 24C2C4d4d6 — 24C0C6d4d6 — 166‘7_C4d2d8 — 16COC6d2d8 — 16C%d4d8 — 32COC4d4d8—
48COC2d6d8 — 10C%d2d10 — 20COC4d2d10 — 40COC2d4d10 — 30C%d6d10 — 24COC2d2d12 — 24C%d4d12+
6d6dgQ* + 5d4d10Q?* + 3dpd1,Q?)

d16 = ﬁ(—4C6C8d3 - 4C4C10d% - 462C12d% - 4C0C14d% - 16C4C6dﬁ - 16C2€8di - 16CoC10d421—

36C2C4d% — 36COC6d% — 640062d§ — 86%d2d4 — 16C4C8d2d4 — 16C2C10d2d4 — 16COC12d2d4 — 24C4C6d2d6*
2462C8d2d6 — 24C0€10d2d6 — 24Cﬁd4d6 — 48(12C6d4d6 - 48C0C8d4d6 — 16Cid2d8 — 32C2€6d2d8—
3ZCOC8d2d8 - 64C264d4d8 - 64C0C6d4d8 - 48C%d6d8 - 9660C4d6d8 - 406264d2d10 - 4OCOC6d2d10—
40C%d4d10 — 8000C4d4d10 — 12060C2d6d10 — SOC%dgdlo — 24C%d2d12 — 48COC4d2d12 — 96C062d4d12—
72c3ded1n — 56cocadadra — 56c3dadis + 8d3Q% + 15ded10Q? + 12d4d1,Q? + 7drd14Q?)

dig = 181% (10dsd10Q? + 9ded12Q? + 7d4d14Q* + 4dpd16Q? — c3d% — 2c6c10d3 — 2cqc10d3—

260616115 — 4(%(1& — 864C8di — 8C2€10d421 — BCOClgdﬁ — 9Cid% — 18C2C6d% — 18€0C8d% — 16C%d§—

ZSC%d%O — 8C6C8d2d4 — 8C4Clod2d4 — 8C2C12d2d4 — 8COC14d2d4 — 6C%d2d6 — 12C4C8d2d6 — 12C2C10d2d6*
12C0€17_d2d6 — 24C4C6d4d6 - 24C2C8d4d6 - 24C0C10d4d6 - 16C4C6d2d8 - 16C2C8d2d8 - 16COC10d2d8—
16c2dsdg — 32cycedads — 32cocsdads — 48cacadeds — 48cocededs — 10c3dad1g — 20coc6dd19—
20COC8d2d10 — 40C264d4d10 — 40C0C6d4d10 — 30C%d6d10 — 60C064d6d10 — 80COC2d8d10 — 2402C4d2d12*
24C0C6d2d12 — 24C%d4d12 — 48C0€4d4d12 — 72C0C2d6d12 — 48C%d8d12 — 14C%d2d14 — 28C0C4d2d14—
2C2C14d% - 32C0C4d§ - 566062d4d14 - 42C%d6d14 — 32C0€2d2d16 - 32C%d4d16)
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d20 (78 CgClgd% - 866012d% — 8C4Cl4d% — 86261(,!1% — 8C0C18d% — 16C§d2d4 — 3266C10d2d4*

__1
80c3dy
32c4c10drdy — 32¢rc14d2dy — 32¢0C16d2d4 — 3206c8di — 3204c10dﬁ — 32czcudﬁ - 3200014d4217
48cgcgdydg — 48cycrodade — 48cpc1adrdeg — 48coc1adrdy — 48c%d4d6 — 96¢4c8d4dg — 96y c10dsde—
96¢C12dade — 72c4ced% — 72ccgd? — 72¢oc10d% — 32c2dydg — 64cycgdrds — 64cocigdady—
64coc1pdads — 128cycodyds — 128cocgdydg — 128cocigdads — 96c3deds — 192chcedsds — 64c3drdis—
192cqcgdsds — 128¢ac4d3 — 128cgcds — 80cycedadrg — 80cacgdadyy — 80cociodadig — 80c3dadio—
160cycedadrg — 160cqcgdadig — 240cocaded1g — 240coceded1p — 160c%d8d10 — 320cocadgdro+
25d2,Q% — 200cqcodsy — 48c3dadiy — 96cacedadin — 96cocsdadiy — 192cpcqdadiy — 192¢ocedydin—
144c3dgdyy — 288cocyded1n + 48dgd1, Q% — 384cqcadgdyy — 240c3d19d s — 112cc4dod 1y —
112¢cqcedad1y — 11263d4dyy — 224cqcqdydyy — 336¢ocadsdry — 224c3dgdyy — 128cocydadis—
256¢0cadad1g — 192c3dgd 6 — 144cocadodyg — 144c3dydyg + 42ded14Q? 4 32d4d16Q + 18dod13Q%)

2 52 2 2 2 2 2
dzz (— C10d2 — 268C12d2 - ZC6C14d2 - 2C4Cl6d2 - 2C2618d2 - 260C20d2 - 8C8C10d2d4—

__ 1
22c3d,
8cyc14d2dy — 8crciedndy — 8cocigdody — 4c§dﬁ — 8c6610dﬁ — 8C4612dﬁ - 8czc14dﬁ — 8cocl6d421 - 6c§d2d6f
12c¢cr19dade — 12¢4c10d2dg — 12¢pc14dpde — 12¢qc16dpde — 24cqcgdade — 240401004 — 24CoC10dsde—
24cgc14dsdg — 9céd% — 18C4C8d2 - 18C2C10d% — 18c0c12d% — 16¢gcgdrdg — 16c4c10dodg — 16¢oc12dpdg—
16¢cocr4dpdg — 16céd4d8 — 32¢cyc8dydg — 32cpc10dyds — 32cqc1pdsdg — 48cycedgdsy — 48crcgdgds —
48¢coc10deds — 16cid§ — 32czc6d§ - 32c008d§ — 1Oc%d2d10 — 20c4cgdrd19 — 20cc19d2d 10—
40cycedydrg — 40cycgdydrg — 40coc1pdadrg — 3Ocﬁd6d10 — 60cycedgdrg — 60cocgdgdrg — 80cpcadgdig—
80cqocedgdiy — 25C%d%0 — SOCOC4d%O — 24c4cqdrdin — 24cpcgdrdn — 20cocipdrdig — 8cgc1adrds—
—36c3d2, + 24cqcigdadyy — 24c3dydyy — 48cacedydiy — 48cocgdydn — 72¢ocydgdin — 72c0cedsd1n—
48c3dgd1y — 96cocydgdyn — 120cocadiod1y — 14c3dad 1y — 28chcedadyy — 28cocgdadiy — 56¢ycqdydry—
56c0cedady — 42c3dgd g — 84cocydedry — 112¢0codgdy — 70c3d19d14 — 32¢ac4dodyg — 32c0cedad 16—
32¢3dyd1g — 64cocydydi — 96cocadedis — 64c3dgdrs — 18c3dad g — 36cocydadig — 72cocodydrg—
54c3dgdig — 40cocadadag — 40c3dgda + 15d19d10 Q% + 14dgd14 Q% 4 12dgd16Q? + 9d4d18Q? + 5dpdr Q?)

2 2 2 2 2 2 2
d24 (—4C10C12d2 — 4C8C14d2 - 4C6C16d2 - 4C4C18d2 - 4C2C20d2 - 4C0C22d2 - 8C10d2d4—

__ 1
48c3d,

16cgc1pdady — 16c6c14dpdy — 16c4c16dpdy — 16c3c18d2d4 — 16¢coco0dady — 1608C10df1 — 16c6612dﬁ—

16c4c14dﬁ — 16C2c16di - 1660C18di — 24cgcgdodg — 24cqC12d2dg — 24c4C14d2dg — 24crC16d2d6—

24cqc1gdads — 24c3dydg — 48csc19dyde — 48caciodyds — 48caciydyds — 48cocisdads — 36¢scsd2—

36¢4C10d2 — 3650122 — 36¢9c14d2 — 16c3dadg — 32c6c19dads — 32c4c12dods — 32¢5¢14dpdg—

32¢qc16dpds — 64cgcgdydg — 64cycrpdadg — 64cpc1pdgdy — 64coc14d4ds — 48::%d6d8 — 96¢4c8dgdg—

96¢5c19dgds — 96coC12dgdg — 64c4c6d§ — 64C2C8d§ - 64c0010d§ — 40cgcgdrdig — 40c4cq9dad1p—

40cyc1pdpdig — 40cocradadrg — 400%d4d10 — 80cy4c8dsdrg — 80cpci0dadig — 80cocipdadig — 120c4cedgdrg—

120c5¢8dgd1g — 120cgc1oded1g — 80cidsdrg — 160cacedgdiy — 160cocgdsdig — 100cpc4da—

100cced3y — 24c2dadyy — 48cycgdadiy — 48caciodadys — 48cocindadiy — 96¢4c6dsdin—

96¢ocgdydiy — 96cociodadiy — 72¢3ded1y — 14dcycededry — 144cocgdediy — 192cycqdgdin—

192¢qcsdgdin — 120c3d10d1y — 240cocydrodrn + 18d3,Q% — 144coeads, — 56c4cedadiy—

56c,cgdrdis — 56coc19dad1s — 56Cﬁd4d14 — 112¢pcgdgdis — 112cgcgdydiy — 168crcqdgd 14—

168coceded1s — 112c3dgd 14 — 224cocqdgdyy + 35d10d14Q? — 280cocadyodiy — 168c3d12d 14—

32¢idad1s — 64cacedady — 64cocgdadis — 128cacydadyg — 128cocedydis — 96¢3dsds)
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2 12 2 2 2 2 2 2
d26 (— C12d2 - 2610C14d2 — 2C8616d2 - 266C18d2 — 2C4C20d2 - 262C22d2 — 2C0C24d2—

_ 1
26¢3d,
8cigc1adady — 8cgcradady — 8cgcidndy — 8cycigdody — 8cacogdrdy — 8cocondordy — 4c%0di—
8c8c12di — 806cl4di — 804c16di — SCzclgdi — 8c0czodﬁ — 6C%Od2d6 — 12¢gc10dodg — 12¢6C14d0d6—
12¢c4c16d2de — 12cpc18dpdg — 12¢gcp0dade — 24cgc19dsde — 24cgC1pdade — 24040140406 —
24cyc16dade — 24coc18d4dg — 9c§dé — 18c6clodé — 1864c12dé — 18c2c14d% — 18coc16d%—
16¢gc10d2ds — 16c6c1odads — 16c4c14dds — 16¢ac16d2ds — 16coc1gdady — 16c3d,dg —
32c¢c10d4dg — 32c4C10d4dg — 32¢yC14d4dg — 32¢0C1604ds — 48cecgdegds — 48c4c19deds—
48cyc1odeds — 48coc1adsds — 16c2d3 — 32c4c8d3 — 32cac10d3 — 32cc12d3 — 10ckdad1g—
20cgc10drd10 — 20c4¢12drd19 — 20cp¢14d2d19 — 20cocr16d2d19 — 40cqcgdadig — 40cqc19dadio—
40cyc10d4dyg — 40cocr4dydyg — 30c2dgd1g — 60cycgdediy — 60caciodsdry — 60coc1adsdio—
80c4cedgdio — 80cacgdsdig — 80cociodsdig — 25¢3d%, — 50caceday — 50cocgday — 24cscgdadin—
24cyc19dodyy — 24cyc1adodyy — 24coc1adadry — 24c2dydyy — 48cycgdydyy — 48cac19dgdin—
48cociodadyy — 72c4cededrn — 72¢ocgded 1y — 72coc10ded1n — 48c3dsdin — 96¢ocedgdin—
96cocsdsdin — 120cacqd19d1n — 120coced19drn — 36¢3da, — 72c0cad2, — 14c2dodyy—
28c4cgdrdiy — 28crc10dad14 — 28coc1pdodry — 56c4cedsdiy — D6Crcgdadr4 — 56coCc19dsd14—
42c3dgd 14 — 84cocedediy — 84cocsdediy — —49c3d3, 4 112coc4dgdyy — 112¢cedgdiy—
70c§d10d14 — 140cpcy4dq9d14 — 168cocodndiy — 32¢4c6drdr — 32¢pcgdrd16 — 32¢oc10d2d 16—
32c3dyd1s — 64cocedsdi — 64cocsdadis — 96¢acsdedis — 96cocsdedis — 64c3dsd s —
128cocqdsdrs — 160cocadigdrs — 96c3d1nd1s — 18c3dard1g — 36¢acedad s — 36cocsdadig—
72¢ocqdydig — 72cocedsdig — 54c3dedrs — 108cocadedis — 144cocadgdig — 90c3d od1g—
40cycqdadog — 40cocedadag — 40c3dydng — 80cocadydag — 120cocadedan — 80c3dsdag—
22c3dydyy — 44cocadadyy — 88cocadydoy — 66c3dgday — 48cocadodny — 48c3daday+
21d1pd14Q? + 20d10d16Q% + 18dgd13Q? + 15dgd20 Q% 4 11d4don Q? + 6d2dr4 Q?)

2 2 2 2 2 2 2
dzg (*8 612C14d2 — 8C10C16d2 — 8C8C18d2 — 8C6C20d2 — 8C4C22d2 — 8C2624d2 — 8C0C26d2*

1

- 112c2d,
16c%2d2d4 — 32¢19¢c14dpdy — 32cgc16d2dy — 32c4c18d2d4 — 32c4C0dndy — 32¢ycondody — 32¢0Co4drds—
32c10012di — 32C3C14di — 32c6016di — 32c4c18dﬁ — 3202czodﬁ — 32c0c22di — 48cqpc12drdg—
48cgc14drde — 48ceC16dade — 48c4c18dode — 48crcrgdade — 48cocrrdardg — 48c%0d4d6 — 96cgC10dy4de—
96cqCc14d4d — 96C4C16d4de — 96CrC18d4de — 96Cc)Cr0dsde — 7208c10d% — 72c6012dé — 7204c14d%—
72cc16d2 — 72cc18d2 — 32c2,dads — 64cgcindads — 64csCc1adady — 64cycigdads — 64cocigdads —
64cocrgdodg — 128cgci0dady — 128cgc1adads — 128c4c14d4dg — 128c¢pc16d4dg — 128coc1gdadg—
96c§d6d8 — 192¢c¢c10dgds — 192¢4c12dgdg — 192crc14d6dg — 192¢oc16dgdg — 1280608d§—

128¢4c19d3 — 128cac12d3 — 128¢oc14d3 — 80cgciodadiy — 80csciadadyg — 80csc14dadrg — 80cacisdadig—
80coc1gdadig — 80c3dadig — 160csc1odadig — 160csc12dad g — 160cac14dadrg — 160cocisdado—
240c¢cgdgdrg — 240c4c19ded10 — 240coc12dgd19 — 240coc14dgd1g — 160c§d8d10 — 320c4cgdgdig—
320cpc19dgd1g — 320cociadgdiy — 200c4ceday — 200cpc8d3y — 200cocigdsy — 48c3dadiy — 96csciodadin —
96c4c1pdrdip — 96¢rc14dpd1y — 96¢oCc16d2d 12 — 192ccgdad1n — 192¢c4c10d4d 12 — 192¢pc10d4d1n—
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192cgc14dad1n — 144c%d6d12 — 288cy4cgdgdn — 288crc19dgdin — 288cociadedn — 384c4cqdgdin—
384cocgdgdy — 384cciodsdin — 240cid1od s — 480cacediod s — 480ccsdiodin — 288cacadty —
288cqcedry — 112c6csdadiy — 112c4c19dad g — 112chc10dad 14 — 112¢c14dpd 14 — 112c2d4d 14—
224c4cgdydry — 224c)c19d4d14 — 224cgC10dad14 — 336¢4C6dgd14 — 336Crc8dgd14 — 336c0c10d6d14—
224c3dgd 4 — 448cocedgd1y — 448cocgdgdiy — 560cocsdiod1s — 560cocediod1s — 336c3d1pd 14—
672cocadrody + 4942, Q% — 392cocrd?, — 64c2dadrg — 128c4csdadre — 128cac10d2d16 — 128c0C12d2d 16—
256¢4¢c6d4d16 — 256Coc8d4d16 — 256¢0C10dsd16 — 1920421d6d16 — 384cycedgdrs — 384cocgdedie—
512cpc4dgdrg — 512c0cedsdrg — 320c3d10d16 — 640cocadiodrs + 96d12d16Q% — 768cocadind1s—
448c3d 46 — 144cycododrg — 144cpcgdadrg — 144cgcigdadig — 144c3dydg — 288cocedadig—
288cocgdydig — 432ccqdgdig — 432c0cededis — 2880%0!80118 — 576¢gc4dgdrg — 720cocodqod1g—
432c3d1od1g — 80c3dydng — 160cacedada — 160cocgdadan — 320cc4dadag — 320ccedadag—
240c3dsdn0 — 480cocadedag — 640cocadgdag — 400c3d1gdag — 176¢c4daday — 176¢cedodor —
176¢3d4dyy — 352cqcadaday — 528ccadgdor — 352c3dgd — 96¢3daday — 192ccydodoy—
384ccadyday — 288c3dgdny — 208cocadadas — 208c3dydae + 90d19d15Q% + 80dgda0 Q>+

66dgd Q% + 48d4dr,Q? + 26d5d26 Q%)

2 2 2 2 2 2 2 2
dso (—c14d5 — 2c1p016d5 — 201001845 — 2082045 — 2¢6C20d5 — 2¢4Cpad5 — 2¢aCo6d5 —

1
30c3d,

2cqca8d3 — 8c1ac1adads — 8cigci6dads — 8cscigdads — BeCaodads — 8cacrdady — 8cacoadods—

8cocpgdady — 46%2112 — 8c10c14di — 868c16dﬁ — 8c6clgdi — 864czodﬁ — 8c2c22d?L — 8cocz4dﬁ—

6c%2d2d6 — 12¢19c14d2de — 12cgc16dnde — 12c6c18ddg — 12¢4C0drdg — 12¢pcp0drdg — 12¢oco4drde—

24c19c10dgde — 24cgc14dyde — 24c6C16d4d6 — 24C4C18d4d6 — 24CoCoodade — 24coCordsdg—

9c%0d% — 18c8c12d% — 18c6014d% — 18C4C16d% — 18C2618d% — 18c0c20d% — 16c10c12d2dg — 16¢gc14d2dg—

16c¢c16d2dg — 16c4c18d2dg — 16¢ocp0drdg — 16¢cocondrds — 16c%0d4d8 — 32c¢gc1pdsdg — 32¢6C14d4ds—

32c4c16d4dg — 32crc18d4dg — 32c0Co0dadg — 48cgciodeds — 48c6C12dgds — 48c4C14d6ds — 48crCr16dgdg—

48cocigdeds — 16c3d3 — 32c6c19d3 — 32c4c12d3 — 32cp014d5 — 32¢oc16d3 — 10c3,dadqo — 20cgc12dad 19—

20cgc1462d10 — 20c4c16d2d10 — 20c2¢18d2d10 — 20cc20d2d10 — 40csc10d4d10 — 40c6c12d4d10—

40c4c14d4d10 — 40cpc16d4d19 — 40coci18dadrg — 30c§d6d10 — 60cgc10d6d10 — 60cqc12ded19 — 60coc14d6d10—

60coc16dedio — 80cscsdsdio — 80csciodsdio — 80caciadgdig — 80cocadsdig — 25c2d%, — 50c4csdt—

5062c10d%0 — SOCoclzd%O — 24cgc10dodip — 24cgc1pdrdry — 24c4c14drd12 — 24c¢)C16d2d17 — 24coc18dad1n—

24c§d4d12 — 48cqc10dad1n — 48cyc10dadry — 48crci4dadrr — 48coci6dad1n — 72¢6c8dgd1n — 72¢4C10d6d 10—

72cc12ded17 — 72¢oC14ded 12 — 48c%d8d12 — 96c¢4c8dgdir — 96¢rc10dgd1r — 96¢oC12dgd1n — 120c4ced19d 12—

120cycgd19d12 — 120coc10d10d12 — 36cﬁd%2 — 72c206d%2 — 72C068d%2 — 14c§d2d14 — 28c¢c10dad14—

28cyc10dodig — 28crc14dpdrs — 28coci6drd14 — 56c6cgdadry — 56c4C10d4d14 — D6CrC12dgd14—

56coc14d4d14 — 42c%d6d14 — 84cycgdedry — 84crciodeds — 84cocindedis — 112¢4c6dgd14—

112cpcgdgdi4 — 112coc19dgd14 — 70cid10d14 — 140cyced10d14 — 140cocgdod1s — 168crcadindiga—

168coced1adis — 49c5d3, — 98cocadsy — 32cqcsdadis — 32¢4c10d2d16 — 32¢ac12d2d16 — 32¢0C14d2d 16—

32c2d,dqg — 64cycgdydrs — 64cociodadrs — 64cociodadrs — 96cycedsdis — 96cacsded s —

96coc10dedie — 64cﬁd8d16 — 128cycedgdre — 128cqcgdgdie — 160cycad19d16 — 160cocedi0d16—

96c3d12d16 — 192cocad1nd1s + 28d14d16Q% — 224cocad14d 16 — 64c5dT, — 18c2dadig — 36c4cgdodig—
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36cac10d2d18 — 36c0c1ndadig — 72c4cedsdig — 72cocgdydrg — 72c0c1odadrg — 54cidgd g —
108cpceded1s — 108cocsdedis — 144cycqdgdig — 144cocedsdig — 90c3dqodig — 180cocsdiod g+
27d1,d18Q? — 216¢qcadypdrg — 126¢5d14d1g — 40cycedadag — 40cocgdadag — 40cocodadag—
40c3d4dog — 80cocedydag — 80cocgdadag — 120cpcadsdag — 120cocedsdag — 80c3dgdag—
160cqc4dgdag + 25d10d20Q% — 200cocad19dag — 120c3d12dag — 22¢3dadoy — 44cocedadnn —
44cocgdrdyy — 88crcydsdrr — 88cocedady — 66c§d6d22 — 132¢pcydgdry — 176cpcodgdrr —
110c3d19dan — 48cocydaday — 48cocedadny — 48c3dydny — 96cocsdaday — 144cocodedoy —
96c3dgdoy — 26c5dadag — 52cocydrdag — 104cocadydas — 78c3dedas — 56c0cadadag —

56c3dydas + 22dgdx Q% + 18deday Q? + 13d4dae Q% + 7dadrsQ?)

2 2 2 2 2 2
d32 (—4 C14C16d2 — 4C12618d2 — 4C10€20d2 — 4C8C22d2 — 46‘6C24d2 — 3260C24d2d8 — 4C4626d2—

= W%dz
4C2C28d% — 400030(1% — 8c%4d2d4 — 16c12c16d2dy — 16c10C18d2d4 — 36cloc12d% — 16¢cgcp0dods—

16cgCondady — 16c4C24dpdy — 16CoCoad2ds — 16c0C28dndy — 3608c14dg — 16clzc14dﬁ — 16c10016dﬁ—
1608018012 — 16C6C20di — 16C4c22dﬁ — 16czc24dﬁ — 36C6C16d% — 16c0c26dﬁ — 24c15014ddg—

24c10c16d2de — 24cgc18drdg — 24c6Co0drdg — 36C4c18d% — 24c4000dpdg — 24coCo4drde—

24cocr6drde — 240%2d4d6 — 48cq0Cc14d4dg — 36czc20d§ — 48cgci6dade — 48cec18dade — 48c4Crodade—
48cycondyde — 48cgCogdsde — 36coczzd% — 16c%2d2d8 — 32c10c14d2dg — 32cgc16dadg — 32¢c6C18ddg—
32c4cp0drdg — 32crcppdpdg — 64cqgC12dsdg — 64cgciadydy — 64ceCi6dady — 64cycigdady — 64cycrgdads—
64cocrpdydg — 48c%0d6d8 — 96cgc12dedg — 96¢6C14ddg — 96¢c4C16ddg — 96crC18dgds — 96C0Cr0dgds—
64c6clzd§ — 64C4C14d§ — 64czc16d§ — 64c0018d§ — 40c¢qgc12dd1g — 40cgc14drdrg — 40c4c18d2d10—
40cycrpdpdyg — 40cocordrdig — 40c%0d4d10 — 80cgc10dsdig — 80cgc14dadro — 80cyc16d4d19 — 80cpc18d4d19—
80cqcp0dadip — 120cgc10ded19 — 120c6c12d6d19 — 120c4¢14d6d10 — 120c2c16d6d10 — 120coc18d6d10—
80c3dgd1g — 160csc1odsdig — 160csc1ndsdig — 160caciadsdig — 160cociedsdig — 100cscgdsy — 100csc10d7,—
100cyc12d%y — 100cgc14d3y — 24c30dad 1y — 48csciadadiy — 48cycigdadiy — 48chcigdadyy — 48cocagdadin —
96cgc10dsd1n — 96¢c6C12dad1n — 96CoC16d4d17 — 96CC18d4d10 — 72c§d6d12 — 144cgcr9dgdin—

144cyc10dedip — 144cpc14dgd1n — 192c4cgdgdin — 192¢c4c10dgd1n — 192¢c12dgd 1o — 192¢gc14dgd1n—
120c2d19d1p — 240cociodiodiy — 144cycedsy — 144cyc8ds, — 144coc19d3, — 56cgc10dad s — 56c6c1odad 14—
56cyc16d2d14 — 56¢oCc18drd14 — 56c§d4d14 — 112¢c6c10d4d14 — 112¢4c10d4d14 — 112¢oC14d4d14—
168cgcgdediy — 168c4c10dgd14 — 168cac10ded14 — 168coc14d6d14 — 112c§d8d14 — 224c¢4cgdgd14—
224cqcpdgdy — 280ccediodiy — 280cocgdiodis — 280cociodiods — 168c3d1pd14 — 196¢oc4d%, —
196coced?, — 32c3dodyg — 64cgciodadyg — 64c4c1odadrg — 64caciadadre — 128c6csdydrs — 128c4c10d4d 16—
128cyc10dadi6 — 128coc14d4d16 — 96c§d6d16 —192¢4c8dgdr1 — 192coc12ded16 — 256C4C6dgd16—
256¢5c8dgd1 — 256¢0c10dgdis — 160c3d19d1g — 384chcadindi — 384cocedindis — 224c3d 14d 16—
448cocydi4d1 + 32d3,Q% — 256c0cod2s — 72¢oc1ndad g — 72¢0c14dad g — 72¢2d4d1g—

144cycgdydig — 144coc10dadrg — 144coc1adadig — 216¢ocgdedrs — 216¢c19dgd1g — 144cid8d18—
288cycedgdig — 288cocsdsdyg — 360cacadrgdig — 216¢3d12d1g — 432c0cad1adyg + 63d14d18Q% —
504cocodradig — 288c3d16d1g — 40c2dadag — 80cciadadag — 160ccedadag — 160cocsdsdog—

160coc19d4dag — 120c3dgdng — 240cocedgdag — 320cc4dgdag — 320cqcedgdag — 200c3d19dog—
400cqc4dyodan + 60d12d20Q* — 480cocadiadag — 88cacsdada — 88cociodad — 88cGdadoy —
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176¢5cedadyy — 176c0cgdadyy — 264cscadgdny — 352¢ocadgday + 55d10d20 Q? — 440cocadyodan —
264c5d1pdy — 48c3dadag — 96cocedadny — 192c0cedaday — 144c3dedas — 288cocadedas+
48dgd4Q* — 384cocodgdyy — 240c3d19doy — 104c3dydrs — 208cocsdadag — 312c0codedog—
208c3dgdas — 56c3dadag — 112cqcadadag — 120cqcadadsy — 64cgciod3 — 240chc10d19d12 —
96c4C14d4d17 — 88cycedrdyy — 104cocedadrg — 80crc19dadrg — 72c4c19drd1g — 336¢ocgd1od14—
144coc16ded1n — 320cocgdqpd1e — 224coc19dgd14 — 360coced10d1s — 192¢oc19d6d 16—
240cqcgdedag — 280c%d14d20 — 112¢pc16d4d14 — 216¢4c6dgd18 — 264coCededry — 104cocadrdrg—
224ccrdydog — 56c4C14drd14 — 96¢oCcgdodny — 72c4cgdrdrg — 80cacgdadyg — 48cgcipdadin—
64cociedadis — 40cgC16d2d10 — 320c2c6d10d16 — 1680%d6d23 — 192¢yc4dydpy — 240c4cgd10d12—
336cyc6d12d14 — 176¢3dsdn — 120c3dydz0 4 39dedas Q% + 28d4dagQ? + 15d2d30Q%)
__1
34c3d,

2cac30d3 — 2coc3pd3 — 8craciedads — 8ciacigdady — 8cigcaodady — 8cscandads — 8ccoadads—

2 12 2 2 2 2 2 2
d34 (— C16d2 — 2614C13d2 — 2C12620d2 — 2C10C22d2 — 2C8624d2 — 2C6C26d2 — 2C4ngd2—

8c4Co6ady — 8cacogdady — 8cocapdady — 4ctyd — 8cicieds — 8ciocigds — 8cgcoods — 8ceCands—
SC4c24d?L — 8c2626dﬁ — 8c0c28a’3L — 6c%4d2d6 — 12¢12¢16d2dg — 12¢10c18d2de — 12cgc0drdg—
12ccondrdg — 12c4004drdg — 12¢2006dodg — 12¢gCogdod — 24c10C14d4de — 24c10C16d4d6—
24cgc18dad — 24c6Co0dade — 24c4Co0dade — 24cCr4dadg — 24coCodsde — 9c%2d% — 18610C14d%—
18c8c16d% — 1866c18d% — 18C4C20d% — 1802c22d% — 1800c24d% — 16c1p¢14d2dg — 16¢19C16d2d8—
16cgc18dads — 16¢4Cco0dads — 16¢4c0dodg — 16¢5cp4drdg — 16¢c0Co6drds — 16c%2d4d8 — 32¢19C14d4dg—
32cgc16dadg — 32cqC18d4dg — 32¢4Co0d4dg — 32¢oCondadsy — 32¢0Cp4d4dg — 48c19c12dgds—
48cgcr4deds — 48csc16dsds — 48c4c18deds — 48cacaodeds — 48cocrndsds — 16¢3d%—

32cgc1pd3 — 32c6c14d3 — 32c4016d5 — 32cpc18d3 — 32¢oc20d3 — 10c3,dad g — 20c1gc14dad 1o —
20cgc16dad10 — 20c6c18d2d10 — 20c4c20d2610 — 20c2022dad10 — 20coc24d2d19 — 40c10¢12d4d10—
40cgc14dydig — 40cec16dadio — 40csc18dad10 — 40cacandadin — 40cocandadiy — 303 ded1o—
60cgc12ded10 — 60c6C14d6d10 — 60c4c16d6d10 — 60c2C18d6d10 — 60coC20d6d10 — 80csc10dgd 10—
80cec12dsd1o — 80c4c14dsdrg — 80cacidsdig — 80cocigdsdig — 25c3d3, — 50cecioday — 50c4c1nd g —
50c2c14d%0 — 50c0c16d%0 — 24c19c10dod1p — 24cgciadpdiy — 24ceCi6drdy — 24c4c18drd1r—
24cycp0dadyy — 24cocndadiy — 24c3gdyd1y — 48cgcindadiy — 48csciadadyy — 48cycrodadin —
48cpc18d4d12 — 48coca0dadrn — 72cgc10d6d12 — 72¢6C12d6d12 — 72¢4C14d6d12 — 72¢2C16d6d 12—
72coc18dsd1n — 48c3dgdyn — 96csc19dsdrn — 96¢4c12dsdrn — 96¢aciqdsdin — 96¢ocipdsdin—
120cecsd19d1n — 120c4c19d10d12 — 120ca¢10d10d12 — 120coc14d10d10 — 36¢2d3, — 72c4c8d7,—
72¢oc10d3, — 72coc12d%, — 14c3 dadyy — 28cgciodadyy — 28c6c14dad 14 — 28¢4c16d2d14—
28cyc18dad14 — 28cocaodadry — 56cgc1odadrs — 56¢6c12d4d 14 — 56c4C14d4d14 — 56CC16d4d 14—
56c0c18d4ds — 42c3ded s — 84cociodedis — 84cycrodedry — 84cyciadedyy — 84cocisdedis—
112c¢cgdgdi4 — 112c4c10dgd 14 — 112¢pc12dgd14 — 112¢pc14dgd14 — 7Océd10d14 — 140c4c3d19d14—
140coc10d10d14 — 140coc1ad0d1s — 168cacedindiy — 168cacgdindiy — 168cociodiodry — 49¢3d2, —
98c206d%4 — 98c0c8d%4 — 32cgc10d2d16 — 32¢6C12d2d16 — 32¢4C14d2d16 — 32¢oC1602d16—
32coc1gdadyg — 32¢3dadis — 64cciodadis — 64cycrodady — 64cycr4dydyg — 64cocisdadre—
96cqcgdedis — 96c4c10d6d16 — 96CoC12d6d16 — 96C0C14d6016 — 64C%d8d16 — 128¢4cgdgdie—
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128cyc19dgd16 — 128coc12dgdre — 160c4cqd19d16 — 160cocgdi0d16 — 160coc10d10d16—
96c3d12d16 — 192¢ac6d12d16 — 192cqcsd1ndrs — 224cpc4d14d16 — 224c0csd14d16 — 64C3d s —
128cocydts — 18c3dadrg — 36¢sc10d2d1s — 36¢4c12d2d18 — 36¢ac14d2d18 — 36¢c16d2d 18—
72c4C10d4d18 — 72coC10dad1g — 72c0C14d4d18 — 54c%d6d18 — 108¢4cgdgdig — 108crcr9dgd1g—
108cocr1adgd1g — 144cycedgdis — 144cocgdgdrg — 144cocpdgdis — 9Ocﬁd10d18 — 180cced10d18—
180cocgdyodig — 216¢pc4d1ndrg — 216¢ocedindrg — 126¢5d14d1g — 252c0csdiadig + 36d16d18Q% —
288cocadiedis — 81ckdtg — 40cscgdadag — 40cyc1odadag — 40cac12dadag — 40coc1adadag—
40cgd4d20 — 80c4cgdadrg — 80crc10dadng — 80coci2dadrg — 120c4cqdgdrg — 120cocgdedrg—
120cqcr9dedag — 80cﬁdgd20 — 160cycgdgdrg — 160cocgdgdog — 200coc4d19d29 — 200cocedqodoo—
120c3d 1220 — 240coc4d12dz0 + 35d14d20Q% — 280cocadiadag — 160c3d1gda — 22c2dpdy —
44cycgdydyy — 44cociodadny — 44cociadardry — 88cycedadrr — 88crcgdadrr — 88cocigdador —
66c3dgdny — 132cocededay — 132cocgdedar — 176¢oc4dgday — 176¢qcsdgdor — 110c3d19d2 —
220cqcydqoday + 33d12d2n Q% — 264cqcrdiadoy — 154c3d14d — 48c4cedadny — 48cocgdodny —
48cociodaday — 48c3dydny — 96cocedaday — 96cocsdydoy — 144cocadeday — 144cocededs—
96c3dgday — 192coc4dgday + 30d10d24Q% — 240ccododay — 144c3d1odoy — 26¢3dodn6—
52¢5cedrdrg — 52cocgdrdog — 104cocadydnrg — 104cocedadog — 78c%d6d26 — 156¢0c4dgdog+
26dgdr6Q* — 208cocadsdas — 130c3d10das — 56¢acadodog — 56c0cedadag — 56¢5d4dog —
112cocqdydag + —168cocadedag — 112c3dgdog — 30c3dadzg — 60cocadadsy — 120cocodydsg—
72c6Cgdad1s — 90c3dedsg — 64cocadadsy — 64cidydsy + 21dedogQ? + 15d4d30Q* + 8dod3n Q%)

2 2 2 2 2 2
d36 (—8C16618d2 — 8C14620d2 — 8C12€22d2 — 8C10C24d2 — 8C8C26d2 — 8C6C28d2—

B 1
144c2d,

8C4C30d% — 80203201% — 8C0C34d% — 16C%6d2d4 — 32c14C18dpdy — 32¢12¢p0d0dy — 32¢10C0drds—

32cgCo4dody — 32cqCo6drdy — 32¢4C28dpdy — 320pc30d2d4 — 32¢0C30dpdy — 32014c16dﬁ—

32c12018dﬁ — 32c1oczodﬁ — 32C8C22di — 3206c24dﬁ — 3204026dﬁ — 32c2028di — 3ZCOC3Odi—

48c14016d0de — 48c12C18d2de — 48c19C0dade — 48cgCandrdy — 48ceCoadrde — 48cyCr6dords—

48cycogdoad — 48cocapdads — 48¢3,dsde — 96¢12c16d4ds — 96¢10c18d4ds — 96¢8Co0d 46—

96c¢Co0dsde — 96C4Coadsde — 96CrCodadg — 96coCrgdady — 72c12c14dg — 72C10616d%—

72c8C18d2 — 72c6Co0d% — 724C0d2 — 72ccoqd% — 72c0c6d2 — 32¢3,dpdg—

64c1pc16dpdg — 64c1pc18d2ds — 64cgCopdads — 64cgCordydg — 64c4Cogdrdg—

64co0rgdrdg — 64cgcogdodg — 128c¢17c14d4dg — 128c19c16dadsg — 128cgc18d4dg—

128cscoodads — 128c4cordsdg — 128crcoadsds — 128cgcoedsds — 96c%2d6d8—

192c19c14dgds — 192cgc16d6ds — 192¢c18dgds — 192c4c00deds — 192¢hcrdgdg—

192¢ocp4deds — 128¢19c12d3 — 128cgc14d3 — 128c4c16d3 — 128c4c18d3 — 128cpc00d3—

12800022d§ — 80c12c14drd19 — 80c10c16d2d10 — 80cgci18dad1g — 80cgcrodadig — 80cscondrdig—

80coco4drdig — 80cocoedrdig — 80c%2d4d10 — 160c10c14d4d10 — 160cgc16dad19 — 160cec18d4d10—

160c4c20dsd19 — 160cpcopddrg — 160cocogdadig — 240c10c12dgd19 — 240cgc14ded10—

240c¢c16d6d10 — 240c4c18d6d10 — 240cco0ded1g — 240cocodgd1y — 16Oc%od3d10—

320cgcy2dgdg — 320cgc14dgd10 — 320c4¢16dgd10 — 320cp¢18dgd19 — 320c0co0dsd 19—

200cgciod3y — 200c6c12d3) — 200cyc14d3) — 200coc16d5) — 200cocigdsy — 48ctydadin—
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96c10c14d2d12 — 96¢8Cc16d2d12 — 96¢6C18d2d12 — 96C4Co0d2d12 — 96CoCo2dod 1y — 96c0Cr4d2d 12—
192c19c12d4d1n — 192¢gc14d4d12 — 192¢C16dad10 — 192¢4c18d4d10 — 192¢pc0d4d 1o —

192¢cocordsdin — 144c%0d6d12 — 288cgc12dgdn — 288cc14dgd1n — 288c4c16d6d1n — 288crci18dgd1n—
288cocooded1y — 384cgciodsgdin — 384cgc1pdgdin — 384cyc14dgd1nr — 384crc16dsd1o — 384cpci8dgdin—
240c3d19d 12 — 480cec19d10d1n — 480ccindiodiy — 480caciqdigdin — 480coctsdiod1n —

288cscsds, — 288cyc19d, — 288cac10d3, — 288cnci4ds, — 112¢19c10dad g — 112cgc14d0d14—
112c¢c16d2d14 — 112¢4¢18d2d14 — 112¢pc0drdr4 — 112¢ocondrdr4 — 112c%0d4d14 — 224c¢gc1pdadis—
224c¢C14d4d14 — 224c4C16d4d14 — 22405 C18d4d14 — 224c0Co0d4d14 — 336¢8C10d6d14 — 336C6C12d6d14—
336c4C14d6d14 — 336C5C16d6d14 — 336¢0C18d6d14 — 224c§d3d14 — 448cgcr0dgdiy — 448c4c1pdgdi4—
448cycq4dgdr4 — 448cyc16dgdis — 560c6cgd9d14 — 560c4c19d10d14 — 560crc12d10d14 — 560coc14d10d14—
336c2d1pd14 — 672c4cgd1nd 1y — 672coc10d12d14 — 672¢0C12d12d14 — 392c4cods, — 392¢ocsds, —
392cqciodsy — 64ctgdadis — 128csc1odadrs — 128c6c14d2d16 — 128c4c16d2d16 — 128c2c18d2d 16—
128cqcopdrdie — 256¢8c10d4d16 — 256CC12d4d16 — 256C4C14d4d16 — 256C7C16d4d16 — 256¢0C18d4d16—
192c§d6d16 — 384cgc10dgdrs — 384cyc1ndedie — 384crc14dgdr — 384cyc1gdedis — 512c6cgdgd—
512c¢c4c10dgd16 — 512crc12dgd16 — 512coc14d8d16 — 3200%d10d16 — 640c4cgd19d16 — 640crc19d10d16—
640coc12d10d16 — 768c4ced12d16 — 768crcgdind16 — 768coc10d12d16 — 448042}d14d16 — 896¢yc6d14d16—
896¢ocgdi4die — 512C2C4d%6 — 512c066d%6 — 144cgciodrdig — 144cqc1odrdig — 144cyci4drdig—
144coc16dpd1g — 144cocigdadig — 144c3dydig — 288ceciodadis — 288c4c1pdadrg — 288cac14dgd1g—
288coc16dadrs — 432cqcgdgd1g — 432c4c10d6d1g — 432¢pc12dgd1g — 432cpc14d6d18 — 28802d8d18—
576c4cgdgdg — 576cc19dgd1g — 576¢oc12dgd1g — 720c4cqd19d1g — 720crcgd10d18 — 720cqc10d10d18 —
432c3d1od1g — 864chcedndig — 864cocgdindis — 1008cacydigdig — 1008cocd14drs — 576¢3d16d18—
1152cgcyd16d18 + 81d35Q% — 648cocadrg — 80c3dadag — 160csc19dadag — 160csc12d2dng—
160cyc14d2d20 — 160coc16d2d20 — 320c6cgdadrg — 320c4c19dad29 — 320coc12d4d20 — 320cgc14d4d20—
24Océd6d20 — 480c4cgdgdrg — 480crcr19dgdrg — 480coc12dedng — 640c4cedgdrg — 640cocgdgdrg—
640coc10dgdrg — 400cid10d20 — 800cyced10d20 — 800cqcgdgdag — 960corcadindrg — 960coced12d20—
560c3d14d20 — 1120ccsdq4dan + 160d16d20Q* — 1280cocadi6d20 — 720c3d18d20 — 176¢6cgdadnn —
176c4c19drdon — 176¢oc12drdry — 176¢9c14d2d20 — 176c%d4d22 — 352c¢4cgd4dry — 352¢rc19dadrn —
352cgc12d4drr — 528c4c6dgdrr — 528crcgdedrr — 528coci19dgdar — 352cﬁd8d22 — 704cocedgdrr —
704cqcgdgdyy — 880cacadiodan — 880cocediodzn — 528c5d1pday — 1056¢ocsdipdnn + 154d14d0 Q% —
1232¢cqcad4dn — 704c5d16dnn — 96c2dadas — 192c4cgdadny — 192chc10d2d04 — 192¢oc12d2d 24—
384cycodsdny — 384crcgdydry — 384cociodadoy — 288c‘21d6d24 — 57605c6dgdny — 576cocsdgdns—
768cocadgdry — 768cocedgday — 480c3d19doy — 960cocydiodag + 144d1pdrs Q* — 1152¢0cod1pdns—
672c5d 1424 — 208cycedadrs — 208cacgdadas — 208cociodadas — 208c3dadog — 416¢ocedadng —
416cgcgdadrg — 624crc4ddre — 624coCededrg — 416c%dgd26 — 832ccydgdrg — 1040cocodqodoe—
624c5d1pdpe — 112c3dodog — 224cocedadog — 224cocgdadog — 448cocydydng — 448cqcedydag—
336¢5dgdag — 672c0cadsdog — 896cocadgdag — 560c3d19dag — 240cocydrdzg — 240cqcedadso—
240c5d4d30 — 480cocadydsy — 720cocodsdsg — 480c3dgdzg — 128c3dadsy — 256¢ocqdadsn —
512cocodadsy — 384ckdedsy — 272cocadoday — 272c3d4dsy + 130d19d26 Q% + 112dgd Q%+
90dgd30Q? + 64d4d3Q? + 34dyd34Q%)
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2 2 2 2 2 2 2
dsg (—c13d5 — 2c16C20d5 — 2014C20d5 — 2c12004d5 — 201002645 — 2c8C28d5 — 2¢6C30d5—

_ 1
38c3d,
2c4030d5 — 2050345 — 2cc36d5 — 8c16c18d2ds — 8c14c20dads — 8e1acondady — 8cigcoadads—
8cgCogdady — 8cgCogdady — 8cyczndpdy — 8cocspdody — 8coczadody — 46%66& — 8614C18di — BClzczodﬁ—
BCloczzdﬁ — 8c8c24di — SCéczédﬁ — 864c28dﬁ — 862630612 — SCQC32dﬁ — 66%6d2d6 — 12¢14¢18dpdg—
12c1p¢00d2de — 12¢19Co0drde — 12c8C04d2dg — 12¢Co6dnde — 12c4C08drde — 12¢2c30ddg — 12c0c30d0de—
24c14016d4de — 24c10c18d4dg — 24c10C0d4de — 24cgCrdadg — 24c6C4d4dg — 2404Ced4dg — 32c8c16d§—
24coc30dgde — 9c%4dé — 18c12016d% — 18c10c18d% — 18c8c20d% — 1866C22d% — 18C4C24dé — 18C2C26d%—
18COC28d% — 16c14¢16d2dg — 16c10018d2dg — 16¢19C20dadg — 16¢gCndadg — 16c6Co4drds — 16¢4C26d2dg—
16¢cpcp8drdg — 16¢oc30dadg — 16C%4d4d8 — 32¢1p¢16d4dg — 32c19C18d4dg — 32cgC0dadg — 32¢Condsdg—
32¢4Co4d4dg — 32 Co6dydg — 32c0Cogdadg — 48c12C14d6ds — 48c10C1606ds — 48cgc18dgdg—
48cqcondeds — 48cycrdedy — 48cocoydeds — 48cocsdeds — 16¢3,d3 — 32c10c14d3 — 24cpcogdyds—
32c6c18d3 — 32c4020d3 — 32cpc00d3 — 32¢qcoqdl — 10¢3,dad1g — 20c12¢16d2d10 — 20¢19c18d2d 10—
20cgca0dad10 — 20c6ca2dad10 — 20c4¢24dad10 — 20c2026d26d10 — 20cocasdadro — 40c12¢14d4d10—
40c10¢16d4d10 — 40csc18d4d10 — 40c6C20d4d10 — 40c4Codd19 — 40c2c24d4d10 — 40c0c26d4d10—
30c3,ded10 — 60c19c1aded1o — 60csci6dedin — 60csC1sdedin — 60cscandedin — 60cacandedio—
60coc24ded10 — 80c19c12dsd10 — 80cscradsdio — 80cec16dsd10 — 80cac18dsdio — 80caca0dsgdd 10—
80cocandsdig — 25¢30d%) — 50cgciaday — 50c6c14d5y — 50c4c16d3y — 50cacigday — 50coca0d sy —
24c1pc14d2d1 — 24c10c16d2d12 — 24cgc18dadrn — 24cycopdad1n — 24caco4dad1n — 24coc26dd 12—
24c2,dydyy — 48cigcradadiy — 48cgcipdadiy — 48cocigdady — 48cycondydin — 48cocondydin—
48cocoadydrn — 72c10012d6d12 — 7208014d6d12 — 72061646412 — 7204C18d6d12 — 7202020d6d12—
72¢ocanded1n — 48c3ydgdn — 96csciodsdin — 96cscradsdin — 96cyc1sdsdir — 96coc18dsd1r—
96coca0dgd12 — 120csc10d10d12 — 120c6012d10d12 — 120c4¢14d10d12 — 120c2¢16d10d12—
120coc18d10d1n — 36¢3d%, — 72c6c10d3, — 7204c12d3, — 72¢0014d25 — 72¢oC16d2y — 14c2,dodyy—
28c10c14d2d14 — 28cgc16dad14 — 28c6C18d2d14 — 28c4020d2d14 — 28cac0dad14 — 280242614 —
56c10c12d4d14 — 56c8014d4d14 — 56¢6C16d4d14 — 56c4018d4d14 — 56c2020d4d14 — 56c0C22d4d14—
42c3,dgd14 — 84cgcindedry — 84csciadediy — 8dcycipdediy — 84cacigdediy — 84cocrdsdis—
112cgc10dgds — 112c6c12dsd1s — 112c4014dsdry — 112coc16dgdrs — 1120018514 — 70c3d10d14—
140cgcq19d10d14 — 140c4c12d10d14 — 140coc16d10d14 — 168cecgdiody — 168c4c19d12d14 — 168crc10d10d14—
168coc14d1od14 — 49c2d3, — 98cycgds, — 98cyc19d?, — 98coc1nd?, — 32c10c12d2d16 — 32¢8C14d2d 16—
32c4C16d2d16 — 32¢4C18d2d16 — 32¢2Ca0dadi — 32¢oCandadig — 32¢3ydadys — 64cgciodydis—
64cec14dsdr — 64cscr6dadr — 64cacr18dadr6 — 64coC0dsd16 — 96CsC10d6d16 — I6C6C1206d16—
96c4c14d6d16 — 96C2C16d6d16 — 96C0C18d6d16 — 64c§d8d16 — 128¢gc10dgdr — 128c4c10dgd16—
128¢yc14dgd16 — 128coc16dgd16 — 160cgcgd19d16 — 160c4c19d10d16 — 160c2c12d10d16—
160coc14d10d16 — 96C%d12d16 — 192¢4c8d12d16 — 192¢5¢10d12d16 — 192¢0c12d12d16 — 224C4C6d14016—
224cycgdyadie — 64cide, — 128cocedrs — 128cocgda — 18c3ydadrg — 36¢sc12dad1s — 36¢6C14d2d 18—
36c4C16d2d18 — 288cocedi6d18 — 36Coc18d2d18 — 36¢oCa0drdig — 72c8c19dad1s — 72c6C10dad 18—
72c4c14d4d1g — 72¢oc16d4d18 — 162c0c4dtg — 72cc18dadis — S4cidedrs — 108csciodsdrs—
108c4c12dgd1s — 108crc14dgdrg — 108cocrgdgdig — 144cgcgdgdig — 144c4c10dgdrg — 144crc1pdgdig—
144cycr4dgdqig — 900%d10d18 — 180c4cgd19d1g — 180carc19d10d18 — 180coc12d10d18 — 216¢4c6d10d18—
216¢ycgdod1g — 216coc19d1nd1g — 24cgcr0dodin — 224c0c10d14016 — 140crc14d10d14 — 126cﬁd14d18—
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252¢yced4d1s — 252cocgdiadis — 288cacydigdis — 81c3dag — 40cgciodadag — 40csC1odada0—
40cyc14dpdng — 40cpcr6dadag — 40cocrgdadag — 40c3dadng — 80ceciodadan — 80c4c12dsdag—
80coc14d4dr0 — 80cyc16dadrg — 120c6cgdgdrg — 120c4c19dedog — 120coc10dgdr0—

120ccr14dgdog — SOcédeZO — 160c4cgdgdrg — 160coc19dgdrg — 160coc12dgdrg—

200c4c6d10d20 — 200cncgd19dog — 200coc10d10d20 — 120cﬁd12d20 — 240cyc6d12d20—
280cpc4d14da0 — 280ccediadag — 160c5dy6dag — 320cocadigdan + 45d18d20Q* — 360cqcadygdan —
100c3d3) — 22c3dydny — 44ceciodadny — 44cycipdadyy — ddcociadadyy — ddcocrgdaday —
88c4c10dadon — 88cociodydyy — 88cociadadyy — 66cgd6d22 — 132¢4c8dgdrr — 132coc19dgdor —
132coc1odgdor — 176¢4c6dgdrr — 176cc8dgdrr — 176¢oc10dgdyn — 1locﬁd10d22 — 220cpced19d20—
220cqcgdoday — 264ccadindyy — 264cocedindny — 154cadygdyy — 308cocadiaday + 44d15d2n Q* —
352¢cqcadygdan — 198c3d1gdoy — 48cecsdaday — 48c4c10daday — 48cocindaday — 48coc1adaday—
48c2dydpy — 96c4cgdaday — 96coc19daday — 96cqC1addoy — 144cycodsdny — 144crcedgdg—
144cycrgdedog — 96cﬁd8d24 — 192¢yc6dgdry — 192cocgdgdry — 240crcad10dns — 240c0ced19dr4—
144c3d1pdp — 288cocadinday + 42d14d24 Q% — 336¢ocad1adny — 192¢3d16d0 — 26¢2drdng—
52¢cycgdpdne — 52crc10drdng — 52coc12dadrg — 104cycedadrg — 104cocgdydng — 104cociodadrg—
78¢3dedas — 156¢ocededag — 156cocsdedag — 208cacydgdog — 208cocsdsdog — 130c3d10d26—
260cqc4dyodag + 39d12d26 Q% — 312c0cod1odng — 182c3d14dng — 56¢4C6dadas — 56¢rcgdadag—
56¢coc10dadrg — 56cid4d28 — 112¢yc6dydrg — 112cocgdadrg — 168crcadgdrg — 168cocedgdrg—
1123 dgdag — 224cqcadgdag + 35d10d28 Q% — 280cocad odag — 168c3d12dog — 30c3dadz—
60cycqdrdsy — 60cocgdadsy — 120coc4ddsg — 120cocedadszg — 90c§d6d30 — 180cocadgdszg—
240cqcodgdsg — 150c3d19d30 — 64cacydadsy — 64cocedadsy — 64c3dydsy — 128cocydydsn—
192cocodeds — 128c3dgdsy — 34c3dadsy — 68cocadadsy — 136cocadyday — 102c3dgdss—
72¢ocadodsg — 88cscgdydny — 240cocgdiodag — 72c3dydze 4 30dgdzo Q%+

24ded3; Q* + 17d4d34Q* + 9d,d36Q%)

2 2 2 2 2 2 2
dao (—4c1gcoods — dergconds — dergCogdy — derpcogdy — deqgcogdy — 4egcapds — 4cgespdsy —

= m
4C4C34d§ — 4C2C36d% — 4c0638d§ - 8C%8d2d4 — 16¢16C20dpdy — 16¢14Co0drdy — 16C12C04d2d4—
16¢19C26dady — 16cgcgdady — 16cc30drdy — 16c4¢30dpdy — 1600c34d2ds — 16¢oC36d2d4—
16c16c18dﬁ — 16c14c20di — 166120225& — 16C10C24di — 16c8czédﬁ — 16c6czgdﬁ — 16C4630di—
16C2C32di — 16COC34dﬁ — 24c16c18dpdg — 24C14C00d2de — 24C12C00dodg — 24¢10Cadrdg—
24cgeasdads — 24csCagdads — 24cycaodads — 24cac3ndads — 24coCc3adads — 24¢3dyds—
48¢14C18d4de — 48c12Co0d4de — 48c10Condade — 48cgCrgdsde — 48cqCogdsde — 48cycogdade—
48cyc30dyde — 48cocapdade — 36c14cl6d% — 36c12c18d% — 36c10c20d% — 36C8C22d% — 36c6c24d%—
36c4C26d2 — 36¢oCagdz — 36c0c30d2 — 16¢3dads — 32c14c18dads — 32c12c0dads — 32c10c2dads—
32cgCo4dndg — 32c¢Co6dndg — 32c4Cr8dndg — 32¢pc30dadg — 32¢oc3pdrdg — 64c14C1604d8—
64c1p018d4dg — 64c1pCr0dads — 64cgCondyds — 64ceCoadyds — 64c4Cr6dsds — 64y Cogdydg—
64cocaodsds — 48c3,deds — 96¢12c16deds — 96c10c18dsds — 96¢8C20d6ds — 96csCcordgds —

96C4C24d6d8 - 96C2C26d6d8 — 96COC28d6d8 — 64C12614d§ — 64C1()C]6d§ - 64C8C18d§ - 6466620d§—
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6464622d§ — 64czcz4d§ — 64c0026d§ — 40c14¢16d2d10 — 40c12c18drd19 — 40c10C20d2d19 — 40cgcrrdrd1g—
40cgCoqdodyy — 40cycosdadyg — 40cacogdadyg — 40cocaodadig — 403, dad1g — 80ciac16dad g —
80c10c18d4d10 — 80csC20d4d10 — 80c6C22dad10 — 80cscoadadro — 80c2ca6dadro — 80cocasdadio—
120c12¢14d6d19 — 120c19c16d6d10 — 120cgc18d6d10 — 120cc20d6d10 — 120c4c0dgd19 — 120ch¢p4d6d10—
120coco6ded10 — 80c%2d8d10 — 160c1gc14dgdig — 160cgc16dgdig — 160cec18dgd1g — 160c4co0dgd19—
160cacondsdrg — 160cocaadsgdiy — 100c1gc1odsy — 100cgc1adsy — 100csc16d5) — 100c4c18d7) — 100cca0d s —
100cocondsy — 24c3,dad1y — 48c1nc16dad1n — 48c1gc1gdad iy — 48cgcagdadiy — 48cscondady — 48cycosdadin —
48cpco6dad1n — 48cocagdadn — 96¢12014d4d12 — 96¢10C16d4d12 — 96csC18d4d12 — 96C6C20d4d12—
96¢4C22d4d17 — 96CrCo4d4d17 — 96CoCr6dad1n — 72c%2d6d12 — 144cq0c14dd12 — 144cgc16ded 1 —
144cqc18dgdin — 144cycpodedrn — 144crcondgd1n — 144cgcosdedn — 192¢19c12dgd 1 — 192cgc14dgdn—
192c4c16dgd1n — 192¢4c18dgd1n — 192¢aca0dgd1n — 192cocandgdin — 120c30d10d1n — 240csc1nd10d 12—
240cec14d10d12 — 240c4c16d10d10 — 240cac18d10d 12 — 240c0c0d10d1n — 144cgeiods, — 144cec1pdsy —
144c4c14d%2 — 144C2616d%2 - 144C0C18d%2 — 56¢12¢c14dpd14 — 56¢10C1602014 — D6CgC18d2d 14—
56C6C0dad14 — 56¢4C0dad 14 — 56¢2Coqdad 14 — 56¢oCa6dad 14 — 56¢2,dad1y — 112¢19c14d4d 14—
112cgc1gdad1a — 112¢c6c18d4d14 — 112¢4020dqd14 — 112¢p¢00dgd14 — 112¢qcp4d4d14 — 168c19c12d6d14—
168cgc14dedis — 168cgci6ded14 — 168c4c18dgd14 — 168crco0ded1a — 168cocrrdgdrs — 112c%od8d14—
224cgc1pdgdry — 224cqC14dgd14 — 224c4C16d5d14 — 224C)C18dgd14 — 224cgCr0dgd14 — 280cgci10d10d14—
280cec12d10d14 — 280c4c14d10d14 — 280c2¢16d10d14 — 280coc18d10d14 — 168c§d12d14 — 336¢6c10d12d14—
336¢c4C12d12d14 — 336¢5c14d12d14 — 336¢c16d12d14 — 196¢6c8de, — 196c4c10d5, — 196¢oc10d0,—
196coc14d%, — 32¢3,dpd1g — 64c1gC14d2d 16 — 64cgcigdadis — 64cscrgdadis — 64cycoodadis—
64cycondrdig — 64cyogdodie — 128¢10¢12d4d16 — 128cgc14d4d16 — 128c¢c16d4d16 — 128c4c18d4d16—
128crcopdadie — 128cocondydie — 96c%0d6d16 — 192cgc12dgdr1e — 192c4c14ded16 — 192¢4C16d6d16—
192¢yc18dgd16 — 192¢c0C20ded16 — 256¢8c19dgd1e — 256¢6C12dgd16 — 256C4C14d8d16 — 256C2C16d3d16—
256¢c9c18dgd1e — 1606§d10d16 — 320c¢c10d10d16 — 320c4¢12d10d16 — 320c2¢14d10d16 — 320coCc16d10d16—
384cqcgdindig — 384c4c10d12d16 — 384crc1pd12d16 — 384coC14d12d16 — 224c%d14d16 — 448cycgdi4d16—
448c)c10d14d16 — 448coc1d14d16 — 256C4ced2 5 — 256CoCsd a5 — 256¢0C10d25 — 72c10C12d2d18—
72cgc14d2d1g — 72¢6C16d2d18 — 72c4C18d2d18 — 72cco0dadig — 72cocondadig — 72¢3,dyd g —
144cgc1pdydrg — 144c6c14d4d1g — 144c4c16d4d1g — 1440 cr18dadr1g — 144cocpdsdig — 216¢gc19dgd 18—
216cgc12dgd1g — 216¢4C14d6d18 — 216¢5C16d6d18 — 216¢0C18d6d18 — 144c§d8d18 — 288cgc19dgdig—
288c4c1odgdis — 288cac1adgdis — 288coc1edsdis — 360cecsdindis — 360csciodiodrs — 360caciadiodis —
360cociadi0d1g — 216¢2d10d1g — 432¢48d12d15 — 43205010d12d15 — 432¢0c1od12drg — 504cscodiadig—
504cycgdq4dig — 504cociodiadis — 576caced16d1s — 576c0csd 618 — 324cacqdrg — 324coced g —
4Oc%0d2d20 — 80cgc12dadrg — 80cyc16drdrg — 80cac18dadrg — 80cocagdadarg — 160cgcodadag—
160cgc12d4drg — 160coc16d4d20 — 160coc1gdadnrg — 120c§d6d20 — 240cec10dgd29 — 240c4c10dgdr0—
240coc16d6d20 — 320cqcgdgdrg — 320c4c10dgdog — 320cnc12dgdrg — 320cgc14dgdng — 400c4cgd19dr0—
400cyc10d10d20 — 400coc12d19dog — 480c4ced12drg — 480ccgdadrg — 2800421d14d20 — 560cyc6d14d20—
560cqcgdi4d29 — 640crcqdq16drg — 640coced16d20 — 80c6C14d2d29 — 480cyc1pdi2drg — 288cﬁd16d18—
360c3d18dag — 200c2d19d20 — 240cac14dsd20 — 160c4c14d4dng — 720cocqd1gdag + 50d5, Q% —

8868610d2d22 — 88(36C12d2d22 — 88C4C14d2d22 — 88C2616d2d22 — 8860C18d2d22 — 88C§d4d22—
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176c4c10dadry — 176¢oC14d4020 — 176coC16d4d00 — 264cecgdedry — 264c4C10dgdrn — 264crc10dgdrn —
264cgc14dedny — 176cédgd22 — 352¢4cgdgdyry — 352¢yc19dgdrn — 352cgc12dgdyy — 440c4ced19dr0 —
440cpcgdygdan — 440coc1pd1pdan — 264cﬁd12d22 — 528csc6d12d20 — 528cpcgd1adan — 616¢oc4d14d70 —
616cqced14do — 352c5d16dn — 704cocadidnn + 99d18d2 Q? — 792cqcodqgday — 440c3da0dan —
48c§d2d24 — 96¢¢Cc10drdns — 96C4C12drdrg — 96CrC14d0d04 — 96CC1602024 — 192c4cgdsdng—
192c4c10dadrg — 192¢oc12d4drq — 192¢oCc14d4d04 — 144c%d6d24 — 288cycgdgdny — 288crc1odedog—
288coc1dgday — 384cycedgdry — 384cocgdgdry — 384cociodgdog — 2400Zd10d24 — 480cyced19drs—
480cqcgd19doy — 576¢acyd1odoy — 576c0ced12d24 — 336C3d14d0y — 672c0Cqd14d0g + 96d16d24 Q% —
768cocodi6ds — 432c%d18d24 — 104cgcgdrdrg — 104cyc19dodog — 104coc12dodrg — 104coc14drdog—
104c%d4d26 — 208c4cgd4drg — 208crc19dadog — 208coc12d4drg — 312¢4c6dgdrg — 312crcgdedne—
312¢oc19dgdag — ZOSCngdzé, — 416¢ycgdgdarg — 416cocgdgdre — 520cpc4d9dre — 520coced10d26—
312c3d10dog — 624cocadradog + 91d14d2s Q% — 728c0codradng — 416c3d 1606 — 56c2dodng—
112¢c4cgdrdrg — 112¢pc10dadag — 112coc1odrdog — 224c4c6dadrg — 224ccgdadrg — 224coci0dsdrg—
168c3dgdag — 336¢ocededag — 336cocsdedog — 448cocydgdog — 448cocsdsdag — 280c3d10ds—
560cqcsdodag + 84d12d2Q* — 672cocodadag — 392c3d14dog — 120cycodadsy — 120cocedadzg—
120coc19d2dzg — 12062d4d30 — 240cyc6d4dsy — 240cgcgdadsy — 360cc4deds3g — 360cocededso—
240c3dgdsg — 480cocadsdsg + 75d10d30Q% — 600cocadiodag — 360c3d1adag — 64cidads—
128¢ocedrdsy — 128cgcgdrdsp — 256¢oc4d4d3p — 256¢0c6d4d3p — 192C%d6d32 — 384cgcydedszn+
64dgdsp Q? — 512¢ocadgdzy — 320c3d10dsy — 136¢oc4daday — 136¢ocedaday — 136¢3dqdss—
272¢cqc4dydsy + 51ded34Q? — 408cocadedsy — 272c3dgday — 72c3dadz6 — 144cocydadze+
400cqcoday — 176c6c10daday — 36d4d36Q% — 288cocadydss — 216c3dedss + —152cocadadag
—152c3d,dsg + 19d2d33Q?)
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